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Executive Summary 
Pima County Regional Wastewater Reclamation Department (PCRWRD) commissioned the development 
of a master plan to identify the optimal strategy for managing current and projected biosolids and biogas 
production from its wastewater reclamation facilities. 

PCRWRD owns and operates two major wastewater reclamation facilities and a smaller wastewater 
reclamation facility in the metropolitan area of Tucson. In addition, PCRWRD owns and operates seven 
Non-Metropolitan (Sub-regional) wastewater reclamation facilities which serve population centers 
outside of metropolitan Tucson. 

PCRWRD’s system is undergoing significant changes through the implementation of the Regional 
Optimization Master Plan (ROMP). The ROMP Study recommended significant changes to PCRWRD’s 
facilities in order to meet more stringent effluent standards with respect to ammonia and nitrogen. As 
part of this study effort, capacity expansion was also considered to meet growing demand for wastewater 
service within PCRWRD’s service area. The most significant recommendations to evolve from the ROMP 
included: 
• Expanding and upgrading the Ina Road Wastewater Reclamation Facility (Ina Road WRF) capacity to 

50 million gallons per day (mgd). 
• Decommissioning the existing Roger Road Wastewater Reclamation Facility (Roger Road WRF) and 

replacing with a new Water Reclamation Campus (WRC) to treat 32 mgd. 

The ROMP also recommended that the processing of biosolids produced at Ina Road WRF and the new 
WRC be consolidated at Ina Road WRF. This includes an expansion of the current anaerobic digestion 
process for solids stabilization, and thickening of digested solids as preparation for haul to agricultural 
land application sites. The ROMP acknowledged that PCRWRD’s current biosolids management program 
of agricultural land application of thickened Class B biosolids (slurry) was currently viable and cost-
effective. However, the ROMP also acknowledged the current biosolids management program to be one-
dimensional and vulnerable to changes, such as reduction in available agricultural land for land 
application within cost-effective hauling distances. Consequently, the ROMP recommended a 
comprehensive study to develop a long-term and sustainable plan for managing biosolids produced from 
PCRWRD facilities, including the Sub-regional facilities. This study is a result of this ROMP 
recommendation. 

In addition, the management of biogas – the methane rich byproduct from the anaerobic digestion of 
raw wastewater solids – requires consideration as part of this study. Currently, the Ina Road WRF uses 
biogas produced on-site to produce electric power in an on-site power generation facility. It is PCRWRD’s 
desire to decommission the existing power generation facility (due to age and because on-site power 
generation as currently configured is not beneficial to PCRWRD) and replace with another form of biogas 
utilization that will benefit PCRWRD economically, as well as support PCRWRD’s goals for energy 
efficiency and sustainability. Further, the consolidation of solids processing at Ina Road WRF will result in 
significantly more biogas production than what is currently produced. Therefore, the biogas utilization 
planning must also account for this increase in production. 

Managing biosolids produced from the Sub-regional facilities is also a component of the Master Plan. 
Currently, for all except the Green Valley Wastewater Reclamation Facility (Green Valley WRF), biosolids 
from these Sub-regional facilities are hauled as a liquid slurry and discharged into the collection system 
of the Roger Road WRF or Ina Road WRF (some of the very small facilities utilize drying beds and haul 
their dried solids to a landfill). Once combined, and processed through anaerobic digestion and 
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thickening, all solids are sent to land application as described above. Only the Green Valley WRF 
currently processes biosolids on-site. 

Biosolids and Biogas Projections 
In evaluating biosolids and biogas projections, two conditions were considered in order to bracket the 
production estimates over the planning horizon: 
• WRC start-up, 2014. 
• Full capacity, 2030. 

Biosolids projections were developed based on previous studies completed as part of the ROMP and the 
Ina Road WRF Capacity and Effluent Upgrade Project, plus discussions with CH2MHill, the consultant for 
the design of the plant expansion as well as the WRC (see discussion in Section 2). Biosolids projections 
resulting from these evaluations and discussions are summarized in Table ES-1. 
 

Table ES-1. Solids to Digestion and Beneficial Use – Ina Road WRF 

Year 
Estimated Total 

Solids to Digestion 
dry lbs/day 

Estimated Total 
Volatile Solids to 

Digestion 
dry lbs/day 

Estimated Total 
Liquid to Digestion 

gals/day 

Estimated Total 
Biosolids to 

Beneficial use 
dry lbs/day (2) 

Estimated Total 
Liquid to Beneficial 

Use 
gals/day (3) 

Estimated Total 
Cake to Beneficial 

use 
wet lbs/day (4) 

2014 (1) 160,800 125,800 307,300 81,900 163,600 372,100 

2030 (1) 238,500 186,500 478,300 122,300 244,500 556,100 

(1) WRC start-up and Full Capacity – all solids to Ina 
(2) BC estimates assumes 55% VSR and 90% capture in centrifuges 
(3) Assumes digested solids thickened to 6% TS 
(4) Assumes digested solids dewatered to 22% TS 

 

Biogas projections evolve from projections of raw solids to digestion, and assumptions regarding 
performance of the digesters in terms of converting volatile solids to biogas and other constituents. 
Table ES-2 presents biogas projections; these are presented in terms of a range to reflect some 
uncertainty regarding various factors influencing biogas production including the unit volume of gas 
produced per pound of volatile solids destroyed. 
 

Table ES-2. Biogas Projections – Ina Road WRF 

Year 

Estimated Total 
Volatile Solids 

(VS) to Digestion 
lbs/day 

Aggregate 
Volatile Solids 

percent 

Estimated 
Volatile Solids 

Reduction 
percent 

Estimated Cubic 
Feet Biogas Per 
lb VS Destroyed 

Estimated Gas 
Production 
cf per day 
average (1) 

Estimated 
Biogas BTU 

Content 
BTU/cubic feet 

Estimated 
Biogas Energy 

Production 
million BTU/day 

WRC Start-up 
2014 

125,800 78.5 55 12 - 15 
830,000 - 
1,038,000 

600 500 - 623 

Full Capacity 
2030 

186,500 78.2 55 12 – 15 
1,231,000 -- 
1,539,000 

600 738 - 923 

(1) Range reflects potential range in unit gas production, cubic feet of gas per pound of volatile solids destroyed (12 cu ft per lb VS destroyed 
was used in ROMP and in Ina Road WRF Energy Master Plan). 
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Biosolids Market Assessment and Technology Screening 
PCRWRD’s current biosolids management program has been reliable and cost-effective for over 
20 years. The program is based on land application of Class B biosolids in slurry form. Though the 
current biosolids program has been reliable and cost-effective, it is vulnerable to potential changes, 
including the following: 
• Loss of Agricultural Land Due to Urbanization. 
• Loss of Public Acceptance 
• Political Pressure 
• Loss of Viable Contractor. 

Therefore, the primary objective of the biosolids utilization master plan is to improve the long-term 
reliability of PCRWRD’s biosolids management program through assessing and potentially expanding the 
market for biosolids products, and identifying technologies to support the expanded market. The 
approach to the biosolids market assessment was to determine the following: 
• Who are the likely users of biosolids products in the greater PCRWRD service area? 
• What are the product characteristics that enhance market interest and demand? 

The data gathered through the market assessment was used to develop answers to these questions, 
and provide direction for features of PCRWRD’s current biosolids program that should be retained and 
changes that may be warranted to enhance long-term reliability (see Section 3). 

The market assessment provides direction for developing a long-term plan biosolids utilization program 
for PCRWRD. Based on the results of the market assessment, the following summarize 
recommendations to achieve the goal of long-term reliability (more complete recommendations are 
provided in Section 6): 
1. PCRWRD’s current biosolids program remains cost-effective and reliable in the short-term. However, 

in order to achieve long-term reliability, PCRWRD should diversify both the biosolids products it 
produces as well as the outlets to receive and utilize those products. 

2. Diversifying biosolids outlets will require an investment by PCRWRD to develop these markets. 
PCRWRD should begin to develop demonstration scale projects to produce diverse products. 
Opportunities include field demonstrations at the Freeport McMoran, Inc. Sierrita mine and PCRWRD-
owned Canoa Ranch or other Pima County-owned park ranch lands (for example, biosolids could be 
used to support ranch land restoration or other open space preservation and enhancement projects; 
PCRWRD staff noted the availability of Federally Funded Environmental Quality Incentives Program 
(EQUIP) that can help pay for up to 80 percent of land restoration through the United States 
Department of Agriculture Natural Resource Conservation program). For mine reclamation, the 
objectives of the demonstration project would include not only logistical considerations for the 
quantity and timing of biosolids delivery, but also investigation and documentation of the 
performance of biosolids in tailings reclamation. It is anticipated that these demonstration projects 
would be conducted using Class B biosolids.  

3. There is significant interest in Class A products, especially from other Pima County departments and 
the City of Tucson. However, the market assessment did not reveal an immediate need to shift 
completely from Class B to Class A product at this time. Pilot-scale production of Class A material in 
the short-term will help build interest and diversity for PCRWRD’s biosolids program. 

4. The market assessment concluded that using biosolids as a fuel source is not viable for PCRWRD at 
this time. This may change over time, but it is not recommended that PCRWRD spend resources to 
develop this market unless approached by a potential user. 
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5. Currently, there is no requirement to upgrade PCRWRD biosolids to Class A in order to maintain 
reliability and viability. There is no current regulatory pressure to require Class A biosolids. And there 
has been virtually no public scrutiny of the current Class B land application program. That said, 
experience in other areas of the United States has indicated that conditions may change, and Class A 
may be required in the future. Therefore, it is recommended that PCRWRD adopt a plan to produce 
Class A biosolids, if required in the future. 

Using the results of the market assessment as a guide, biosolids treatment/processing alternatives were 
considered. A wide range of alternatives were considered and narrowed, through a series of evaluations 
and workshops with PCRWRD staff, to a short list of those that could be tailored and applied to Ina Road 
WRF. Those alternatives evaluated in detail for application to Ina Road WRF include the following: 
• Alternative 1: Thermophilic Anaerobic Digestion, Class A. 
• Alternative 2: Solar-dried Product (utilizing solar greenhouse driers) with Class A feed stock, Class A. 
• Alternative 3: Solar-dried Product (utilizing solar greenhouse driers) with Class B feed stock, Class A 

and B. 
• In addition, the base case of continuation of the current biosolids program was evaluated for 

purposes of comparison. 

These alternatives were developed specifically for Ina Road WRF, and compared on the basis of life cycle 
costs (capital plus present value of annual operating and maintenance costs) and non-cost 
considerations. In addition, the sensitivity of each alternative was evaluated against various cost factors 
that could vary over the life of the project. The results of the evaluation indicated that the base case is 
the lowest cost option on the basis of capital costs and life cycle costs. However, on the basis of non-
cost considerations, Alternative 1 ranked highest. Also, the base case, though cost effective currently, is 
most vulnerable to increases in the cost of hauling and application (see Section 3 for more complete 
discussion of analysis). 

Biogas Market Assessment and Technology Screening 
In developing a comprehensive biogas management and utilization strategy for PCRWRD, the following 
primary goals and objectives were considered: 
• Beneficially utilize biogas. 
• No flaring; beneficially utilize 100 percent of biogas produced. 
• Accommodate increased biogas production from WRC solids without flaring. 
• Facilitate air permit modification; avoid major modification. 

Biogas marketability differs from biosolids marketability in that biogas has one primary use – conversion 
to usable energy. That energy conversion can take several forms – thermal, electric, fuel for vehicles, or 
sale of the gas itself as a commodity. There are several factors that contribute to the marketability of 
biogas, including: 
• Proximity of the point of use (or transfer of custody). 
• The timing of the gas use (i.e. use in a boiler, which may be intermittent) relative to the production of 

the gas from the digester (which is constant, but varies somewhat in flow). 
• Quality of the biogas (biogas can be “upgraded” to be the near equivalent to natural gas in quality, 

but at a cost). 

In addition, the technology(ies) that enable biogas utilization are a significant factor in assessing the 
viability of biogas for a particular market. These factors and others have been taken into account in the 
assessment of the marketability of biogas produced at the Ina Road WRF. 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report Executive Summary 

 

 ES-5 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

Potential uses, or markets, for biogas include the following: 
• Use as a fuel to generate electric power. 
• Use as a fuel to generate steam. 
• Use as a fuel for vehicles. 
• Use as a fuel in some other process. 
• Sale as a commodity, i.e. the equivalent to natural gas. 

For this study, potential uses of biogas were considered together with potential technologies for biogas 
use in order to determine viable markets for biogas. A total of 17 biogas utilization options and 
technologies were considered, including multiple options in all of the above categories. 

These 17 options were subjected to a fatal flaw analysis to determine those options most viable for 
PCRWRD. Then, viable options were further culled in a workshop format with PCRWRD staff to a short list 
for more detailed evaluation (see discussion in Section 4). 

The results of this evaluation led to three alternatives for further consideration: 
• Alternative A - Cogeneration with Internal Combustion Engine-Generators. 
• Alternative B - Gas Upgrading and Sale to markets where a premium price (i.e. a price above the 

commodity price for natural gas) may be achieved. 
• Alternative C - Gas Upgrading with Partial Implementation of Vehicle Fuel. 

Detailed life cycle cost evaluations were performed on these alternatives, including an estimation of 
potential revenue/savings that PCRWRD could realize from each alternative. 

The evaluation of short listed Alternatives A, B and C indicate that there is potential for a  positive net 
present value through implementation of Alternative B. However, this comes with significant risk 
associated with volatility in the premium biogas market in California. The other alternatives carry less 
opportunity for positive net present value, but with somewhat lower risk of market volatility. On the other 
hand, Alternative A – where power is generated on-site – continues to carry the risk of compromising the 
attractive tariff with Tucson Electric Power (TEP), the commercial electric power provider at Ina Road 
WRF. 

Green Valley WRF Biosolids and Odor Control Evaluation 
In developing a comprehensive biosolids management and utilization strategy for PCRWRD, the biosolids 
management and utilization at the Green Valley WRF was evaluated. Due to severe odor complaints 
received from neighbors to this facility, odor control capabilities and treatment options at the solids 
treatment portion of Green Valley WRF were included with the evaluation of biosolids management. 

The solids treatment processes at the Green Valley WRF are intended to produce a Class B biosolids 
product and include thickening, aerated storage (storage tanks were designed to operate as aerobic 
digesters; however, mixing and aeration are insufficient to achieve effective digestion), dewatering, and 
drying in open-air drying beds. The dried biosolids product is hauled to the ASARCO Mission Mine for 
surface application; however, current utilization availability at that mine site has been inconsistent and 
future utilization opportunities are uncertain. When the ASARCO site is not available, solids are stored 
on-site. Other options for surface application of Class B biosolids will likely include an increased hauling 
distance. 

The solids treatment facility at Green Valley WRF is not equipped with odor containment or odor control. 
Based on discussions with Green Valley WRF Operations staff, the lack of odor control system combined 
with difficulties related to the current solids processing activities at Green Valley WRF are causing odor 
control issues. Processing difficulties, which are responsible for generating excessive odors, include 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report Executive Summary 

 

 ES-6 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

insufficient aeration of the biosolids in the drying beds and the sludge in the aerated sludge holding 
tanks. 

To address the biosolids management and odor issues at the Green Valley WRF, three alternatives were 
developed for further evaluation (see Section 5), including: 
• Improved Solids Holding with Solar Greenhouse Dryers. 
•  Aerobic Digestion with Solar Greenhouse Dryers. 
• Hauling Unclassified Sludge to the Ina Road WRF. 

The capital costs and annual operations costs were estimated at a planning level of detail for the three 
alternatives at both the current BNROD flow rating of 2.0 mgd and the expected future flow of 4.0 mgd. 

Alternatives were evaluated on the basis of life cycle costs (capital and annual costs) and non-cost 
considerations. Hauling of unclassified solids to Ina Road WRF was shown to have the lowest life cycle 
cost primarily due to the low capital costs compared to the other alternatives. However, it was also 
demonstrated that this alternative was most sensitive to potential increases in the cost of hauling (e.g. 
increased fuel costs). On the other hand, this alternative has the advantages of minimizing solids 
handling at Green Valley WRF; thereby reducing odor potential, and consolidating solids treatment and 
distribution at Ina Road WRF. 

Summary of Recommendations 
Biosolids. Retaining the current biosolids management program is recommended due to its proven 
reliability and cost-effectiveness. However, recognizing program vulnerability, it is recommended that 
PCRWRD move toward diversification in terms of products and users. Figure ES-1 summarizes the 
current program and one recommended scenario for diversification. 
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Figure ES-1 Recommended Plan for Biosolids Program Diversification 

 

While the current program relies nearly 100 percent on land application of Class B slurry using one 
contractor, the recommended plan for diversification, once fully implemented, would include biosolids 
outlets with capacity to accommodate at least 200 percent of PCRWRD’s biosolids production. By 
developing biosolids outlets equal to 200 percent of production, PCRWRD is protected against the loss 
of one outlet, as those biosolids could be shifted to other outlets which together would have the capacity 
to accept the increased load. 
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Figure ES-1 depicts one plan for diversification; other plans are possible and viable. However as 
represented in the figure, a diversified plan would include the following elements: 
• Existing land application sites, available through the current contractor. 
• New land application sites for Class B product. 
• Mine reclamation with Class B product. 
• Class A dried product (could also include compost). 

It was determined that there is no immediate need to produce all Class A biosolids in order to maintain 
program reliability. Therefore, investing in a wholesale conversion to Class A production is not 
recommended at this time. However, it is recommended that PCRWRD adopt a plan to convert to a 
Class A process in case at some time in the future production of Class A biosolids is mandated. 

As a result of evaluations conducted as part of this study, PCRWRD developed an interest in side stream 
treatment; specifically, a potential new process for the Ina Road WRF to help manage nitrogen (and 
ultimately phosphorus) loads that are returned to the liquid treatment process at the Ina Road WRF from 
solids dewatering. Separate side stream treatment – where ammonia and/or phosphorus loads could be 
reduced - could provide the following additional advantages: 
• Reduced cost of operations of the liquid treatment processes. 
• More reliable operation of the liquid treatment process, in terms of consistently meeting permit limits. 
• Potential recovery of nutrients as a marketable product (this depends on the process selected for 

side stream treatment). 
• Potential increase in capacity at the Ina Road WRF. 

It is recommended that PCRWRD investigate further whether side stream treatment could be cost 
effective and beneficial for Ina Road WRF. 

Biogas. The conclusions from the evaluation in Section 4, including substantial input from PCRWRD is 
that gas upgrading and sale is the recommended alternative for biogas produced at the Ina Road WRF. 
The following were identified as the most significant advantages that gas upgrading and sale offers 
PCRWRD: 
• Best potential for positive economic return on PCRWRD’s capital investment in gas upgrading 

facilities, provided gas is sold to a premium market (i.e. a market like California where a premium is 
placed on biogas and other renewable fuels due to state mandated percentages of renewables in 
energy utility portfolios), and assuming that this market for out of state biogas remains strong in 
California and other states (thereby keeping the value of biogas high). 

• Least complicated impact on air permitting for the Ina Road WRF. 
• Provides flexibility for use of upgraded gas for other uses, such as vehicle fuel; once the biogas is 

upgraded to pipeline quality it can be used for any purpose that natural gas is used for. PCRWRD is 
interested in converting a portion of their fleet vehicles to operate on compressed natural gas (CNG), 
and by upgrading biogas to pipeline quality, PCRWRD will have the opportunity to divert a portion of 
their upgraded biogas for use as vehicle fuel. 

• Unlike on-site generation of electric power using biogas as a fuel, gas upgrading and sale does not 
compromise PCRWRD’s negotiated power purchase tariff with TEP. 

• From the perspective of design, equipment delivery and construction (and permitting) this alternative 
is the simplest and likely the quickest to implement. This is an important consideration so as to 
minimize the time that biogas will be flared at Ina Road WRF (after the existing Energy Recovery 
Facility is shut down and prior to full-implementation of gas utilization). 

• Properly designed, the gas upgrading system will have the capability to accommodate a wide range in 
biogas production rates without flaring. 
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As stated above, PCRWRD is very interested in converting at least a portion of its vehicle fleet to CNG. As 
PCRWRD does not currently have CNG compatible vehicles, it is expected that this conversion will occur 
over time as vehicles are replaced. By implementing the gas upgrading system as described above, 
PCRWRD retains the flexibility to use upgraded biogas as vehicle fuel (termed BioCNG). 

PCRWRD’s decision on whether to invest in fleet conversion to CNG is independent of PCRWRD’s 
decision to invest in biogas upgrading to pipeline quality. Given PCRWRD’s interest in vehicle fleet 
conversion to CNG, it is recommended that this proceed independently from PCRWRD’s biogas utilization 
implementation. If both are implemented – biogas upgrading to pipeline quality, and vehicle fleet 
conversion the CNG – then the decision whether to divert upgraded biogas to vehicle fuel can be made 
on its own merit at the time. 

It is further recommended that PCRWRD implement biogas upgrading to pipeline quality biomethane 
using a Design-Build-Finance-Own-Operate (DBFOO) delivery method. The basis for this recommendation 
is provided in Section 6 where multiple options for project delivery and biomethane marketing were 
considered for the recommended biogas upgrading project. Besides being responsible for financing, 
designing, building and operating the biogas upgrading facilities, the DBFOO contractor would also be 
responsible for marketing the biomethane product and providing PCRWRD with a negotiated revenue 
stream in return for accepting the raw biogas. The primary advantages for proceeding with DBFOO for 
biogas upgrading project delivery are summarized below: 
• Based on the assumptions used, this approach is projected to provide the highest net present value, 

and thus the highest potential return to PCRWRD for the biogas. 
• The contract with the DBFOO company can be written to virtually eliminate PCRWRD’s exposure to 

financial loss resulting from inability to recover the capital investment and operating costs through 
the sale of the biomethane. 

• PCRWRD has less exposure to volatility in the biomethane and natural gas markets. 
• PCRWRD can maintain focus on its core business of treating wastewater. 

Green Valley WRF. The results of the evaluation in Section 5 demonstrated that consolidating the 
treatment and management of biosolids from Green Valley WRF with biosolids at Ina Road WRF would 
require less capital costs, and have somewhat lower life cycle costs than making improvements to 
biosolids treatment at Green Valley WRF. Consequently, the following are recommendations for biosolids 
and related odor control improvements at the Green Valley WRF (see Section 6 for a more complete 
listing of recommendations): 
• Treatment (stabilization and air drying) of biosolids produced from the Biological Nutrient Removal 

Oxidation Ditch (BNROD) process will be discontinued. 
• Biosolids produced from the BNROD process will be thickened and hauled to the Ina Road WRF for 

treatment and dewatering or thickening prior to land application (assuming the current land 
application program continues). A new liquid biosolids slurry load-out facility will be provided for 
loading tanker trucks for hauling to Ina Road WRF (or to the conveyance system upstream of the 
Water Reclamation Campus). 

• The existing solids aeration tanks will be used for short-term storage of biosolids prior to thickening 
and/or hauling to Ina Road WRF. The existing solids holding tanks will be retrofitted with improved 
aeration and improved mixing in order to hold solids while minimizing odor production. 

• Recognizing that the solids storage tanks may still be a source of odor, tanks will be covered and the 
head space ventilated to odor control (biofiltration). 

• A new odor treatment system will be provided for the new foul air streams generated through these 
improvements; a biofilter is the recommended odor control process. 
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As discussed in Section 5, the results of the Green Valley WRF evaluation discussed above has 
significant implications for these other facilities. These are summarized below: 
• The Green Valley WRF evaluation demonstrated hauling liquid-slurry, unclassified solids to Ina Road 

WRF for treatment and incorporation into the larger PCRWRD biosolids management program is cost 
effective and has other benefits, such as consolidating solids treatment and distribution at one 
location. 

• Converting to on-site solids handling at the other Sub-regional facilities, with biosolids haul and 
application to beneficial use at these sites, will require considerable investment in new processes, 
odor control and management of biosolids product in order to avoid the issues encountered at Green 
Valley WRF. 

• The other Sub-regional facilities already have in place the solids thickening, truck load-out facilities 
recommended for Green Valley WRF; by retaining this approach for solids management at these 
plants, no further capital investment is needed. 

For these reasons, it is recommended that the Sub-regional facilities that currently haul solids to Ina 
Road WRF continue this as their process for solids management. Specifically, these include the Avra 
Valley WRF, the Corona de Tucson WRF and the Mt. Lemmon WRF. 
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Section 1 

Introduction and Project Objectives 
Pima County Regional Wastewater Reclamation Department (PCRWRD) commissioned the development 
of a master plan to identify the optimal strategy for managing current and projected biosolids and biogas 
production from its wastewater reclamation facilities. 

PCRWRD owns and operates two major wastewater reclamation facilities and a smaller wastewater 
reclamation facility in the metropolitan area of Tucson. In addition, PCRWRD owns and operates seven 
Non-Metropolitan (Sub-regional) wastewater reclamation facilities which serve population centers 
outside of metropolitan Tucson. 

As explained in Section 2, PCRWRD’s system is undergoing significant changes through the 
implementation of the Regional Optimization Master Plan (ROMP). The ROMP Study, completed in 
November 2007 (see PCRWRD’s website, under Public works for access to the complete Final ROMP 
report), recommended significant changes to PCRWRD’s facilities in order to meet more stringent 
effluent standards with respect to ammonia and nitrogen. As part of this study effort, capacity expansion 
was also considered to meet growing demand for wastewater service within PCRWRD’s service area. The 
most significant recommendations to evolve from the ROMP included: 
• Expanding the Ina Road Wastewater Reclamation Facility (Ina Road WRF) capacity to 50 million 

gallons per day (mgd). 
• Decommissioning the existing Roger Road Wastewater Reclamation Facility (Roger Road WRF) and 

replacing with a new Water Reclamation Campus (WRC) to treat 32 million gallons per day. 

The schedule for completing the ROMP implementation to meet regulatory compliance for upgraded 
nitrogen removal is August 2014 for the Ina Road WRF, and January 2015 for the Water Reclamation 
Campus (the regulatory compliance date is January 30, 2015). 

Currently, biosolids from the Roger Road WRF are anaerobically digested on-site; then transferred (via 
pumping and pipeline) to Ina Road WRF for thickening. Likewise, solids from the Ina Road WRF are 
anaerobically digested on-site and combined with Roger Road WRF solids for thickening. Thickened 
solids (slurry) are then hauled to agricultural sites for land application; haul and application is performed 
by a contractor to PCRWRD. 

The management of biosolids - the organic solid residuals that result from wastewater treatment - was 
also addressed as part of the ROMP. The ROMP recommended that the processing of biosolids produced 
at Ina Road WRF and the new WRC be consolidated at Ina Road WRF. This includes an expansion of the 
current anaerobic digestion process for solids stabilization, and thickening of digested solids as 
preparation for haul to agricultural land application sites. The ROMP acknowledged that PCRWRD’s 
current biosolids management program of agricultural land application of thickened Class B biosolids 
(slurry) was currently viable. However, the ROMP also acknowledged the current biosolids management 
program to be one-dimensional and vulnerable to changes, such as reduction in available agricultural 
land for land application within cost-effective hauling distances, and/or regulatory change. 
Consequently, the ROMP recommended a comprehensive study to develop a long-term and sustainable 
plan for managing biosolids produced from PCRWRD facilities, including the Sub-regional facilities. This 
study is a result of this ROMP recommendation. 

In addition, the management of biogas – the methane rich byproduct from the anaerobic digestion of 
raw wastewater solids – requires consideration as part of this study. Currently, the Ina Road WRF uses 
biogas produced on-site to produce electric power in an on-site power generation facility. This facility, 
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constructed and in operation since the 1970s, uses out-dated engine-generator technology and requires 
extensive maintenance and associated costs to keep in operation. Also, significant upgrades to this 
Energy Recovery facility would be required to comply with air quality regulations, and would require 
significant air permitting activity. It is PCRWRD’s desire to decommission the existing power generation 
facility (decommissioning scheduled for late-2012) and replace with another form of biogas utilization 
that will benefit PCRWRD economically, as well as support PCRWRD’s goals for energy efficiency and 
sustainability. Further, the consolidation of solids processing at Ina Road WRF will result in significantly 
more biogas production than what is currently produced. Therefore, the biogas utilization planning must 
also account for this increase in production. 

Managing biosolids produced from the Sub-regional facilities is also a component of the Master Plan. 
The ROMP recommended that the Sub-regional facilities be retained and expanded as necessary to 
meet future growth in population centers outside of metropolitan Tucson. Currently, for all except the 
Green Valley Water Reclamation Facility (Green Valley WRF), biosolids from these Sub-regional facilities 
are hauled as a liquid slurry and discharged into the collection system of the Roger Road WRF or Ina 
Road WRF where the solids are processed as part of those plant’s treatment processes. Once combined, 
and processed through anaerobic digestion and thickening, all solids are sent to land application as 
described above. Only the Green Valley WRF currently processes biosolids on-site and sends these 
biosolids to beneficial use (mine reclamation) independent of the solids processed at the Ina Road WRF. 

The over-arching objectives of the System Wide Biosolids and Biogas Utilization Master Plan include the 
following: 
• Develop a comprehensive biosolids management and utilization strategy. 
• Develop a comprehensive biogas utilization strategy. 

Within these over-arching objectives, there are additional objectives and criteria that guide this study. 
These include the following: 
• The resulting plan must be consistent with the ROMP’s planning horizon – through the year 2030. 
• Current and any foreseeable changes in regulations must be accommodated. 
• The biogas utilization plan must be consistent with PCRWRD’s goal of no flaring (wasting) of gas 

(except under emergency conditions). 
• The biogas utilization plan must account for the increased gas production at Ina Road WRF that will 

result from the transfer of raw solids from the WRC, which may start as early as June 2014. 

An overview of existing PCRWRD facilities and recommended ROMP improvements is provided in 
Section 2 (a complete description of ROMP improvements can be found in documents referenced in this 
section). Future biosolids and biogas production projections are also provided in Section 2. Sections 3 
through 5 provide both an overview and screening of alternatives for biosolids products and 
technologies, biogas utilization, and Sub-regional facilities. A summary of biosolids market assessment, 
specific to PCRWRD, is provided in Section 3 and potential biosolids processing technologies to support 
these products is also provided in Section 3. Likewise, Section 4 presents an overview and initial 
screening of alternatives for biogas utilization. Sub-regional biosolids management, specifically 
alternatives for improving biosolids management and odor control at the Green Valley WRF is presented 
in Section 5. Finally, recommendations for biosolids management, biogas utilization and biosolids 
management at the Sub-regional facilities is presented in Section 6. 

Reference 
Regional Optimization Master Plan 
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Section 2 

Background 
This section provides background information that will form the foundation of the System Wide Biosolids 
and Biogas Master Plan. Specifically, this section includes the following: 
• An overview of Pima County Regional Wastewater Reclamation Department’s (PCRWRD’s) wastewater 

management facilities, including changes that are occurring as part of the Regional Optimization 
Master Plan (ROMP). 

• Projections of biosolids and biogas production. 
• An overview of regulatory trends. 
• An overview of the current market for renewable energy credits. 

The subsections that follow provide an overview of pertinent data and information; where appropriate, 
references to other documents are provided to direct the reader to more detailed information on specific 
topics. 

2.1 Overview of PCRWRD’s Wastewater Management System 
The paragraphs below provide an overview of PCRWRD’s current wastewater management system, as 
well as describes the changes, upgrades and expansions that are currently being implemented as part of 
the ROMP. 

2.1.1 PCRWRD’s Current Wastewater Management Facilities 
PCRWRD currently operates two major wastewater reclamation plants, plus a smaller wastewater 
reclamation plant that serves greater metropolitan Tucson. In addition, PCRWRD also owns and operates 
seven other small water reclamation plants that serve population centers outside of metropolitan 
Tucson. Each are described below, with information included on biosolids processing at each plant. 

2.1.1.1 Roger Road Wastewater Reclamation Facility (WRF) 

The Roger Road WRF is the older of the two major metropolitan wastewater treatment facilities. It is a 
combination of several expansions and has a permitted capacity of 41 million gallons per day (mgd). 
Currently the average winter influent flow (peak season) is approximately 32 mgd. The facility is located 
at 2600 West Sweetwater Drive, Tucson, Arizona 85705, just north of Prince Road between Interstate 
10 and the Santa Cruz River. 

The Roger Road WRF was first operated in 1951 as a 12-mgd activated sludge facility and was expanded 
with a separate 13-mgd trickling filter plant in 1960. A 13-mgd activated sludge/contact stabilization 
facility was added in 1967. In 1979 the facility was consolidated into a single facility with the major 
biological treatment process consisting of two, 165-foot diameter by 26-foot deep, plastic media 
biofilters with return activated sludge capability. This increased the rated capacity to 41 mgd. The facility 
is required to continuously meet secondary treatment limits as set forth by Arizona Department of 
Environmental Quality (ADEQ). 

As a byproduct of wastewater treatment, both primary and secondary solids are produced. These are 
thickened and anaerobically digested on site. Table 2-1 summarizes the existing solids treatment 
facilities at Roger Road WRF. Secondary solids are thickened via a gravity belt thickener with dissolved 
air flotation thickeners as back-up, and primary solids are thickened using gravity thickeners. Digested 
solids meeting Class B biosolids criteria for agricultural land application disposal are conveyed via force 
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main to the Ina Road Water Reclamation Facility (Ina Road WRF), where it is combined with digested 
biosolids from the Ina Road WRF. After further thickening and dewatering, biosolids are hauled and 
applied to agricultural land as a beneficial reuse soil amendment. 
 

Table 2-1. Summary of Existing Roger Road WRF Biosolids Facilities 

Unit Process Facilities 

Solids Thickening (Primary Sludge and Waste Activated 
Sludge) 

3 – Covered Gravity Thickeners 
 
1 – Gravity Belt Thickener 

Digestion 6 – Anaerobic Digesters (5 Primary and 1 Secondary) 

Sludge Transfer to Ina Road WRF Sludge Pumping Station and 5.3 mile 8-inch Force Main 

 
Biogas produced by the digesters at Roger Road WRF is used on-site by engine generators or engine-
driven pumps to reduce the plant’s demand for electricity from Tucson Electric Power. 

The Roger Road WRF receives solids from the Randolph Park Wastewater Reclamation Facility 
(Randolph Park WRF) via the collection system serving the Roger Road WRF. The Randolph Park WRF is 
located within metropolitan Tucson, draws raw wastewater from the interceptor system serving the 
Roger Road WRF, and produces reclaimed water for use by the City of Tucson at an adjacent golf course. 
It is a 3 mgd capacity membrane bioreactor plant; waste solids produced by Randolph Park WRF are 
pumped back into the raw wastewater interceptor where they are conveyed to Roger Road WRF for 
treatment. 

As is explained in subsequent paragraphs, the ROMP recommended decommissioning of the Roger Road 
WRF in favor of building a new Water Reclamation Campus (WRC) just north of the existing plant site. 
Consequently, once the new WRC is commissioned, the Roger Road WRF will be decommissioned and 
eventually demolished or deconstructed in some manner. 

2.1.1.2 Ina Road WRF 

The original Ina Road WRF was designed in 1973 and constructed from 1975 to 1977. The facility is 
located at 7101 North Casa Grande Highway, Tucson, Arizona 85743, just south of Ina Road, between 
Interstate 10 and the Santa Cruz River. The facility was designed to produce a treated effluent meeting 
secondary treatment quality requirements as set forth by ADEQ. The original treatment plant uses 
primary clarification followed by a 25-mgd high-purity oxygen (HPO) Activated Sludge Process. The 
existing plant also includes a combined energy-recovery system for heating, cooling and on-site 
generation of electrical power. The energy–recovery system uses methane generated as a by-product of 
the solids treatment process. Modifications to the original design to enhance equipment performance 
and reliability were completed in 1990. 

The headworks serving this facility, along with appropriate odor control facilities, were expanded to a 
capacity of 50 mgd. A Biological Nutrient Removal Activated Sludge (BNRAS) treatment works with a 
design capacity of 12.5 mgd was placed in service at the end of 2006. Effluent from the 25-mgd HPO 
treatment process and the 12.5-mgd BNRAS treatment process are combined prior to 
chlorination/de-chlorination disinfection and discharged into the Santa Cruz River. Current average 
winter influent flow (peak season) is approximately 24 mgd. 

The existing Ina Road WRF biosolids processing facilities are summarized in Table 2-2. The current solids 
processing at Ina Road WRF consists of dissolved air flotation thickening (DAFT) of secondary solids and 
gravity thickening of primary solids. Thickened solids are combined and pumped to anaerobic digestion 
for stabilization. The existing digestion facilities are designed to produce Class B biosolids through 
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mesophilic anaerobic digestion. Based on data provided by PCRWRD, the existing facilities are typically 
achieving volatile solids destructions of 58-59 percent. This reduction rate indicates good digestion 
operation at the plant. Stabilized Class B biosolids are currently thickened to approximately 6-8 percent 
solids using centrifuges and are hauled away through an existing contract for agricultural land 
application. For the current haul and application contract, thickened solids are preferred rather than 
dewatered solids, as the water in the biosolids is beneficial in the region, and the existing contractor’s 
equipment is consistent with this product up to 10 percent solids. Also, local ordinances require that 
solids be covered within 24 hours of application, and injection of liquid slurry below the soil surface 
achieves this requirement. Digested solids from Roger Road WRF are combined with the Ina Road WRF 
digested solids upstream of thickening. Once thickened, all solids are pumped to a lined and covered 
holding basin. 
 

Table 2-2. Summary of Existing Ina Road WRF Biosolids Facilities 

Unit Process Facilities 

Solids Thickening (Primary Sludge and Waste Activated 
Sludge) 

1 – Gravity Thickener 
3 – Dissolved Air Flotation Thickeners (1 can be converted to a 
gravity thickener) 

Digestion 4 – Anaerobic Digesters (All Primary) 

Digested Solids Thickening 3 – Thickening Centrifuges 

Digested Sludge Storage and Transfer Station 1 – Bladder Storage Basin and Transfer Station 

 

2.1.1.3 Sub-regional Facilities 

PCRWRD operates a number of wastewater treatment facilities besides the Roger Road WRF and Ina 
Road WRF; these are termed the “Sub-regional Facilities”. Biosolids processing at each of these facilities 
varies significantly from one facility to another. Factors affecting the treatment process(es) include the 
wastewater flow to be treated, available land for evaporation, distance to existing sewers to Ina Road 
WRF and Roger Road WRF, etc. Table 2-3 summarizes approximate solids production rates from these 
facilities and the type of processing and disposal used. Two of the plants, Mt. Lemmon WRF and Avra 
Valley WRF have solids generated at the facility hauled to either Ina Road WRF or Roger Road WRF 
influent sewers. Thus, the sludge generated at these facilities become part of the treatment and disposal 
processes at Ina and Roger Road as well. 

The Green Valley WRF, a 4.1-mgd facility, has the most significant biosolids processing facilities, 
including facilities originally intended for thickening, aerobic digestion, dewatering and air drying. This 
plant also has an alternative disposal method that has allowed PCRWRD to diversify its disposal options 
into a new market, mine reclamation. Dried solids (greater than 90 percent Total Suspended Solids are 
transported to the ASARCO Mission Mine Facility for utilization as a soil amendment for establishing 
vegetation on mine tailings. This disposal option is occurring through a research project associated with 
the University of Arizona. Section 3 further addresses mine reclamation as a potential outlet for PCRWRD 
biosolids. 

The Green Valley Wastewater Reclamation Facility (WRF) has also had serious odor complaints from 
nearby residents. Input from plant operations staff have indicated the solids treatment processes are 
likely the most significant contributors to the odor complaints. Therefore, this study has focused 
attention on the Green Valley WRF’s solids processes to not only improve overall reliability of biosolids 
management at this plant but also odor control. 
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Table 2-3. Summary of Existing Sub-regional Facilities and Solids Handling 
Sub-

Regional 
Treatment 
Facilities 

Treatment 
Process 

Permitted 
Hydraulic 
Treatment 
Capacity 

(mgd) 

2009 
Influent 
Flows 
(mgd) 

2010 
Influent 
Flows 
(mgd) 

*Biosolids 
Dry Tons 
(Annual) 

Biosolids Tanker 
Loads (6,000 gal)/year 

Sludge 
Storage  
On-site 

Sludge 
Thickening / 
Dewatering 

Sludge 
Concentration (%) 

Sludge 
Loading 

Facilities? 

Biosolids Treatment 
and Disposal? 

Green Valley 
WRF 

BNROD with a 
facultative pond 

system as a 
backup. 

4.1 1.78 1.84 

298 (YR 
2009), 

366 (YR 
2010) 

N/A 
YES - 

Aerobic 
Digesters 

Gravity Belt 
Thickener 
and Belt 
Press. 

87% Biosolids - 
39 truckloads 
delivered to 

Asarco in 2009, 
51 truckloads 
delivered to 

Asarco in 2010 

YES - Sent to 
on-site drying 

beds; front-end 
loaded from 
drying beds. 

YES - Biosolids stored, 
delivered to ASARCO 

mine. 

Pima County 
Fairgrounds 

WRF 

2 Primary 
Stabilization 

Ponds and an 
Overflow Pond. 

0.02 0.005 0.005 Trace N/A NO N/A N/A NO 

Biosolids are dried, 
scraped, and hauled to 

a landfill when 
necessary. 20 cu yards 

per year with weeds 
and debris. 

Avra Valley 
WRF BNROD 4 1.17 1.10 352 1862 

YES - 
Holding 

Tanks w/ 
Mixer 

Rotary 
Drum 

Thickener 
3.66 

YES - Hauled to 
SEI interceptor 
sewer tributary 

to Roger Rd. 

4 Sludge Drying Beds 
for Emergency Use. 

Corona de 
Tucson WRF 

Closed-loop 
reactors. 1.3 0.25 0.25 31 197 

YES - 
Aerated 
Holding 
Tanks 

None 0.73 

YES - Hauled to 
SEI interceptor 
sewer tributary 

to Roger Rd. 

NO 

Arivaca 
Junction 

WRF 

Aerated 
Facultative 

Stabilization 
Pond. 

0.1 0.06 0.06 Trace N/A NO N/A N/A NO 

Scrape from one lagoon 
when necessary and 

haul to landfill - 
Scheduled to close after 

gravity sewer line to 
Green Valley WRF is 

completed. 

Mt. Lemmon 
WRF 

Closed-loop 
reactors. 0.0125 0.0022 0.0031 <1 11 

YES - 
Aerated 
Holding 
Tanks 

Potentially 
with WAS 

tank but not 
practiced. 

0.52 

YES - Hauled to 
sewer MH 
8716-03, 

tributary to  
Ina Rd. 

NO 

Rillito Vista 
WRF 

2 stabilization / 
evaporation / 

percolation 
ponds. 1 duty, 1 

drying - 
alternating. 

0.015 0.007 0.006 Trace N/A NO N/A N/A NO 

Biosolids are dried, 
scraped, and hauled to 

a landfill when 
necessary. 20 cu yards 
per year w/ weeds and 

debris. 
Randolph 
Park WRF 

Membrane 
Bioreactor. 3 2.36 2.45 556 Returned to Conveyance 

System -> Roger Rd. NO None 0.46 NO NO 

* - Information provided by PCRWRD Staff via spreadsheet received on 1/20/2011 for year 2010 statistics. 
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2.1.2 Current and Planned Improvements - ROMP 
The ROMP, completed in November 2007, outlined major changes to PCRWRD’s wastewater 
infrastructure. The purpose of the ROMP was to develop an optimal long range strategy to address 
multiple objectives, including the following: 
• Wastewater flow and capacity management. 
• Meeting more stringent effluent requirements, mandated by the ADEQ, specifically nitrogen removal. 
• Upgrades and/or replacement of aging existing facilities. 

The ROMP also addressed biosolids management and biogas utilization in the context of the larger 
overall plan. Subsequent to completion of the ROMP, PCRWRD determined that additional study was 
required to more fully develop a long range plan for optimizing the beneficial use of these resource-
byproducts from wastewater treatment. 

The regulatory drivers behind the ROMP required that the Ina Road WRF be upgraded and in full 
compliance with new effluent standards by January 2014; for the Roger Road WRF replacement facility 
(WRC) the deadline for compliance is January 30, 2015. Consequently, since completion of the ROMP, 
PCRWRD has undertaken the implementation of many of the ROMP recommendations to meet this 
deadline. Most notably these include expansion and upgrades to the Ina Road WRF, and the selection of 
a design-build-operate contractor for the new WRC, which will replace the Roger Road WRF. As of mid 
2012, construction of the Ina Road WRF upgrade and expansion is underway; the design-build-operate 
contractor for the WRC was selected in December 2010; design is complete and the new facilities are 
under construction. 

The following sub-sections provide a brief overview of the treatment plant processes that will become 
part of the upgraded and expanded Ina Road WRF and the WRC. The discussion is in summary form and 
focused on processes that impact biosolids management. For additional information, the ROMP Final 
Report is made available to the public via PCRWRD Department of Public Works website 
(http://www.pima.gov/wwm/pubs/romp_chapters.htm). In addition, the Ina Road WRF Capacity and 
Effluent Quality Upgrade Final Design Report (CH2MHill, January 2011) summarizes the specific 
recommended upgrades and improvements at this facility. Finally, the accepted plan for the WRC is 
summarized in the Final Technical Proposal for PCRWRD Regional Wastewater Reclamation Department 
Water Reclamation Facility DBO Project, September 16, 2010 (CH2MHill). 

2.1.2.1 Ina Road WRF Capacity and Effluent Upgrade 

The Ina Road WRF Upgrade and Expansion project has been implemented to upgrade the existing 
treatment processes to accommodate an increase in the rated hydraulic capacity from 37.5 mgd to 50 
mgd. Improvements under this project include upgrading the solids handling facilities to accept the 
increase in influent as well as to accommodate solids produced from an additional 32 mgd of treatment 
capacity at the new WRC (see Section 2.1.2.2.). The new design capacities are based on projected flows 
for the year 2030 as defined in the November 2007 PCRWRD ROMP Final Report. The solids treatment 
processes will be sized to produce biosolids to Class B standards. 

The existing solids treatment at the Ina Road WRF include gravity thickeners for primary sludge, DAF 
thickeners for waste activated sludge (WAS), anaerobic digestion for thickened primary sludge and WAS, 
centrifuge thickening for digested sludge, and digested sludge storage. As part of the upgrade and 
expansion project the following modifications will be implemented to the solids treatment processes. 
Figure 2-1 shows the Ina Road WRF solids treatment process flow schematic and identifies the major 
streams and unit processes. A site plan of all existing and proposed new facilities at the Ina Road WRF is 
provided in Appendix H (reproduction of drawing C-364 from contract documents for Ina Road WRF 
Capacity and Effluent Upgrade, CH2MHill, August 2010). 

http://www.pima.gov/wwm/pubs/romp_chapters.htm
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Figure 2-1. Ina Road WRF Solids Treatment Process Flow Schematic 
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• New Anaerobic Digesters. New anaerobic digesters will be added to accommodate the solids 

generated from the 50-mgd plant as well as the 32 mgd from the WRC to Class B standards. The four 
existing digesters (1.33 million gallons (mg) each) will be utilized and two new digesters will be added. 
The new digesters will be upsized to 1.8 mg and will be fitted with gasholder covers with a long skirt 
length to provide greater storage of digester gas. A new equipment building is also included. 

• Additional Gravity Thickeners. The plant is currently equipped with four tanks to treat primary solids 
and WAS. As part of the plant upgrade project, the DAFTs will be converted to gravity thickeners and 
all four tanks will treat primary solids (the ability to operate these tanks as DAFTs will be retained). 

• New Gravity Belt Thickeners (GBTs). Three new 3-meter wide GBTs will be added as part of the 
upgrades project and will be used to thicken the WAS from the Ina Road WRF as well as primary 
solids and WAS from the WRC. One of these GBT units has been temporarily installed to thicken 
digested solids). 

• New Waste Activated Sludge Receiving, Blending and Thickening Facility. Two of the existing 
secondary clarifiers will be converted to WAS storage and blending tanks that will receive WAS from 
Ina Road WRF and combined primary and WAS from the WRC, blend the WAS together, and feed the 
gravity belt thickeners. 

• New Storage of Dilute Digested Sludge. One of the existing secondary clarifiers will be retrofitted to 
serve as digested sludge storage and blending tank that will be used for emergency storage of dilute 
digested sludge should an interruption occur in the biosolids hauling/disposal process. 

• New Centrifuges. The existing centrifuge building will be retrofitted with three new centrifuges that 
will replace the existing units. The centrifuges will be designed to either dewater or thicken digested 
sludge. The existing sludge receiving/feed tanks and the centrate holding tank will be used as 
centrifuge feed tanks. Four new centrifuge feed pumps will draw digested sludge from the centrifuge 
feed tanks and deliver it to the new centrifuges. 

Table 2-4 lists the planned solids treatment facilities and the capacity after the upgrades and 
improvements are complete. 
 

Table 2-4. Ina Road WRF, Expanded Solids Treatment Facilities 

Unit Process Number of Units Total Capacity 

Anaerobic Digesters 6 (4 existing, 2 new) 8.92 mg (4 at 1.33 mg 
and 2 at 1.8 mg) 

Gravity Belt Thickeners 3 (2 duty, 1 standby) 770 gpm each  
(1,540 gpm total) 

WAS Storage Tank 2 2,380,000 gallons total 

Centrifuges 3 350 gpm volumetric feed 
2,800 dry lbs/hr solids loading 

Digested Sludge Storage Tanks 1 1.18 mg 

Recycle Equalization Basin 1 1.18 mg 

Note: One gravity belt thickener is currently in service to thicken digested solids 
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2.1.2.2 Water Reclamation Campus (WRC) 

PCRWRD is also adding a new WRC as part of their wastewater management system. The initial capacity 
of the new WRC will be 32 mgd annual average daily flow. The major unit processes of this new facility 
includes influent screening, grit/flocculation, DAF clarification, a 5-stage Bardenpho process, secondary 
clarification, disk filtration, and chlorine disinfection. The project also includes adding a raw sludge 
pipeline from the facility to PCRWRD’s existing sludge transfer pipeline in order to convey raw solids to 
the Ina Road WRF, as well as a bypass sludge pipeline from the facility to the wastewater interceptor that 
connects the Ina Road WRF with the new WRC (this new pipeline, constructed as part of the ROMP, is 
called the Plant Interconnect). 

Figure 2-2 shows the WRC solids process flow schematic and identifies the major streams and unit 
processes. Influent from the Plant Interconnect pipeline enters the facility through a diversion structure 
and is conveyed to the influent screens. The screenings are sent to a washer and compacter and are 
then stored in a roll-off box until they are hauled away. From the screens, the raw sewage is conveyed 
into an influent pump station where it is pumped into a flocculation/aerated grit basin and then to the 
DAF clarifiers. Grit classifiers will discharge the grit directly into the roll-off box with the washed and 
dewatered screenings. In the DAFs, the primary solids are floated with air to the surface where they are 
skimmed off and sent to a thickened sludge storage tank. WAS from secondary treatment is also 
introduced at the head of the DAF clarifiers and co-separated in the DAF unit with the primary solids. 
Thickened sludge feed pumps pump the thickened sludge to the Ina Road WRF via the existing sludge 
transfer line or to the Plant Interconnect pipeline (new gravity sewer between the WRC and Ina Road 
WRF; installed as part of the ROMP) via the new bypass sludge line. Table 2-5 lists the solids treatment 
processes and the capacities of each. 
 

Table 2-5. WRC Solids Treatment Facilities  

Unit Process Number of Units Total Capacity 

DAFs, for co-clarification of 
primary solids and WAS 6 5.2 mgd each, at average 

plant influent flow 

Thickened Sludge Pumps 2 (1 duty, 1 standby) 500 gpm, each 
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Figure 2-2. WRC Solids Treatment Process Flow Schematic 
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2.2 Future Biosolids and Biogas Projections 
The recommendations that evolve from this master plan will address both short-term and long-term 
production of biosolids and biogas. Previous and on-going work (ROMP and design activities for the Ina 
Road WRF and the WRC) have projected biosolids through the year 2030 for both Ina Road WRF and the 
WRC. The paragraphs below provide a brief overview of analyses performed as part of this planning 
study to review and confirm these projections. 

2.2.1 Methodology 
In evaluating biosolids and biogas projections, two conditions were considered in order to bracket the 
production estimates over the planning horizon: 
• WRC start-up, 2014 
• Full capacity, 2030 

PCRWRD provided current data on wastewater influent characteristics which were reviewed in order to 
establish a baseline for future projections. These were projected forward for estimating future biosolids 
production. Likewise, performance of the existing digesters at Ina Road WRF were considered in 
projecting biogas production into the future. 

Developing an independent mass balance model of the existing or expanded Ina Road WRF or proposed 
WRC is beyond the scope of this study. However, projections developed by PCRWRD’s consultant for the 
Ina Road WRF upgrade and expansion and the WRC were reviewed and, to the degree practical, major 
assumptions affecting solids and biogas production were considered and evaluated for reasonableness 
based on experience in similar studies. These assumptions were applied to the raw wastewater influent 
characteristics data received from PCRWRD to develop biosolids projections. A dialogue between the 
master planning team and the Ina/WRC consultant team facilitated an understanding and verification of 
major assumptions used in the master planning projections. 

Biogas projections evolve first from the biosolids projections described above, and an estimation of the 
performance of the Ina Road WRF anaerobic digesters in the future. Again, to the degree practical, major 
assumptions used by PCRWRD’s Ina Road WRF upgrade and expansion consultant in developing these 
projections were considered and where deemed appropriate altered based on experience, or operating 
data provided by PCRWRD. 

Besides the ROMP, the following three documents were referenced in evaluating biosolids and biogas 
projections: 
• Ina Road WRF Capacity and Effluent Quality Upgrade Final Design Report (CH2MHill, January 2011). 
• Final Technical Proposal for PCRWRD Regional Wastewater Reclamation Department Water 

Reclamation Facility DBO Project, September 16, 2010 (CH2MHill). 
• PCRWRDRWRD Energy Master Plan, March 2010 (CH2MHill). 

It is noted that each of these documents were developed at different times, as the implementation of the 
ROMP was evolving. Consequently, the documents above do not provide biosolids and biogas projections 
that completely and accurately reflect the current ROMP implementation. One notable example is the 
proposed and accepted plan for the WRC includes primary clarification (using dissolved air flotation 
separation), meaning that a mixture of primary and secondary solids will be transferred to Ina Road WRF 
for processing. The January 2011 Final Design Report and March 2010 Energy Master Plan were based 
on the original ROMP which recommended a WRC process configuration without primary clarifiers and 
transfer of only secondary solids to Ina Road WRF. For purposes of the System Wide Biosolids and 
Biogas Utilization Master Plan, differences like these are subtle and do not impact the planning 
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conclusions and recommendations. However, they are noted here as these differences preclude a direct 
comparison of biosolids and biogas planning projections and projections evolving from the ROMP 
implementation. 

2.2.2 Biosolids Projections 
Table 2-6 provides a summary of biosolids projections from the two large wastewater reclamation 
facilities serving PCRWRD. As shown, primary solids production is estimated independent from 
secondary solids production. 
 

Table 2-6. Raw Solids Projections 

Biosolids Annual Average 

Plant 
Year 

Influent 
Flow 
mgd 

Estimated 
Primary TSS 

lbs/day 

Estimated 
Primary 

VSS 
lb/day 

Estimated 
Percent 
Solids to 
Digestion 

Estimated 
Primary 

Solids Flow 
to Digestion 
gallons/day 

Estimated 
Secondary 

TSS 
lbs/day 

Estimated 
Secondary 

VSS 
lbs/day 

Estimated 
Percent 
Solids to 
Digestion 

Estimated 
Secondary 
Solids Flow 
to Digestion 
gallons/day 

Ina Road WRF 

WRC 
Start-up 

2014 
30 48,100 36,800 4.50% 128,100 25,900 29,200 7.50% 41,400 

Full 
Capacity 

2030 
50 mgd 91,000 69,600 4.50% 243,500 49.000 38,200 7.50% 48,300 

Water Reclamation Campus 

WRC 
Start-up 

2014 
28 40,300 (1) 33,100 7.50% 64,500 (1) 45,900 (1) 35,800 7.50% 73,300 (1) 

Full 
Capacity 

2030 
32 mgd 46,100 (1) 37,800 7.50% 73,700 (1) 52,400 (1) 40,900 7.50% 83,800 (1) 

(1) Mixed primary and secondary sludge co-removed in DAF primaries. Mixed sludge pumped to Ina GBTs. 

 

In Table 2-7 below, solids projections from Table 2-6 for 2014 and 2030 are compiled into projections of 
raw solids to the Ina Road WRF digesters, and using assumptions on digester performance (volatile 
solids reduction) projections for solids to beneficial use are also provided, in terms of dry weight. Two 
additional columns provide estimates of wet solids production on the basis of slurry (current operation) 
and dewatered cake (implementation of dewatering centrifuges is in progress as part of the Upgrade and 
Expansion project). 
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Table 2-7. Solids to Digestion and Beneficial Use – Ina Road WRF 

Year 
Estimated Total 

Solids to Digestion 
dry lbs/day 

Estimated Total 
Volatile Solids to 

Digestion 
dry lbs/day 

Estimated Total 
Liquid to Digestion 

gals/day 

Estimated Total 
Biosolids to 

Beneficial use 
dry lbs/day (2) 

Estimated Total 
Liquid to Beneficial 

Use 
gals/day (3) 

Estimated Total 
Cake to Beneficial 

use 
wet lbs/day (4) 

2014 (1) 160,800 125,800 307,300 81,900 163,600 372,100 

2030 (1) 238,500 186,500 478,300 122,300 244,500 556,100 

(1) WRC start-up and Full Capacity – all solids to Ina 
(2) BC estimates assumes 55% VSR and 90% capture in centrifuges 
(3) Assumes digested solids thickened to 6% TS 
(4) Assumes digested solids dewatered to 22% TS 

 

It should be noted that future projections of solids to beneficial use assumes conventional mesophilic 
anaerobic digestion is retained at Ina Road WRF. If enhanced digestion technologies or other types of 
solids treatment technologies are considered, projections of biosolids for beneficial use will be impacted. 

2.2.3 Biogas Projections 
As stated above, biogas projections evolve from projections of raw solids to digestion, and assumptions 
regarding performance of the digesters in terms of converting volatile solids to biogas and other 
constituents. Table 2-8 presents biogas projections; these are presented in terms of a range to reflect 
some uncertainty regarding various factors influencing biogas production including the unit volume of 
gas produced per pound of volatile solids destroyed. 
 

Table 2-8. Biogas Projections – Ina Road WRF 

Year 

Estimated Total 
Volatile Solids 

(VS) to Digestion 
lbs/day 

Aggregate 
Volatile Solids 

percent 

Estimated 
Volatile Solids 

Reduction 
percent 

Estimated Cubic 
Feet Biogas Per 
lb VS Destroyed 

Estimated Gas 
Production 
cf per day 
average (1) 

Estimated 
Biogas BTU 

Content 
BTU/cubic feet 

Estimated 
Biogas Energy 

Production 
million BTU/day 

WRC Start-up 
2014 

125,800 78.5 55 12 - 15 
830,000 - 
1,038,000 

600 500 - 623 

Full Capacity 
2030 

186,500 78.2 55 12 – 15 
1,231,000 -- 
1,539,000 

600 738 - 923 

(1) Range reflects potential range in unit gas production, cubic feet of gas per pound of volatile solids destroyed (12 cu ft per lb VS destroyed 
was used in ROMP and in Ina Road WRF Energy Master Plan). 

 

As stated above, these projections assume conventional mesophilic anaerobic digestion is retained for 
solids stabilization at the Ina Road WRF. Changes in solids treatment technologies or processes could 
influence biogas production. In addition, PCRWRD is considering using a portion of biogas production as 
fuel for boilers to meet the plant’s thermal energy demand. Therefore, not all of the gas produced from 
digestion may be available for another type of beneficial use (refer to the Ina Road WRF Energy Master 
plan for a more complete description of plant thermal needs). Alternatively, if another source of thermal 
energy is developed in conjunction with developing a biogas utilization strategy, as much as 100 percent 
of biogas could be available for beneficial use. 
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2.3 Overview of Regulatory Trends 
Historically, biological wastewater solids or “sewage sludge” created a disposal problem for municipal 
treatment plant operators due to contamination of metals, pathogens, odor and public misperception of 
the value of the product. Treatment technology has improved to the point where “sludge” is now 
processed into a valuable biosolids product. For over 20 years, PCRWRD has relied upon an effective 
program of land application of biosolids that benefits local farmers, and is cost-effective for PCRWRD. 
Biosolids can also be utilized to remediate disturbed land or be marketed as a valuable fertilizer product. 
To ensure a successful management program, public concerns about metals, pathogens, and emerging 
contaminants must still be addressed. Regulatory requirements exist at the state and federal level in 
Arizona to address these concerns and oversee the management of biosolids. 

2.3.1 United States Environmental Protection Agency 
The US Environmental Protection Agency (EPA) Region 9 enforces compliance and regulates land 
application of biosolids under 40 CFR 503. These regulations are self-implementing and outline 
requirements for monitoring, certification and reporting for a biosolids program. The 40 CFR 503 
regulations establish limits on metals concentrations, pathogen reduction, vector attraction reduction 
and site management practices for land application of biosolids. Agencies are required to send an 
annual report to USEPA Region 9 summarizing and certifying their compliance with the regulations. 
Facilities in Arizona report to ADEQ and copy EPA. Table 2-9 below provides a summary of metal limits in 
biosolids. 
 

Table 2-9. 40 CFR 503 Trace Metals Limits  

Pollutant Ceiling Concentration 
(mg/kg)1 

Monthly Average Pollutant 
Concentrations (mg/kg)1 

Annual Pollutant 
Loading Rate (kg/ha) 

Cumulative Pollutant 
Loading Rates (kg/ha) 

Arsenic 75 41 2.0 41 

Cadmium 85 39 1.9 39 

Chromium 3,000 - -  

Copper 4,300 1,500 75 1,500 

Lead 840 300 15 300 

Mercury 57 17 0.85 17 

Molybdenum 75 - - - 

Nickel 420 420 21 420 

Selenium 100 100 5.0 100 

Zinc 7,500 2,800 140 2,800 

(1) Dry weight basis 

 

Biosolids are processed to one of two levels: Class B and Class A. Processing involves various levels of 
time and temperature to significantly reduce or eliminate pathogenic organisms and protect public 
health. Class B biosolids are typically the product of aerobic or mesophilic anaerobic digestion and 
pathogen indicators are significantly reduced but not eliminated. As a result, Class B biosolids have 
restricted uses and are generally applied to areas where there will be no unintentional contact by the 
public. Example uses include agricultural land application and soil amendment and mine reclamation. 
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Class A biosolids products have undergone additional processing at high temperatures (55ºC minimum). 
These products are essentially pathogen-free and suitable for application to areas where public access is 
more common like golf courses and urban landscape projects. Thermally dried or composted biosolids 
products are also distributed in bags at the retail level. Examples of Class A products include Tagro 
(Tacoma, WA) and Milorganite (Milwaukee, WI). 

2.3.2 Arizona Department of Environmental Quality 
On March 31, 2004, US EPA Region 9 approved the ADEQ’s Biosolids/Sewage Sludge Management 
Program for implementation in Arizona, except on tribal lands. Arizona is one of the few states with 
primacy or responsibility for the administration and enforcement of its own biosolids program. ADEQ’s 
biosolids management program implements Section 503 of the Clean Water Act and requires any person 
applying, generating, or transporting biosolids in Arizona to register with the state department. 

Biosolids programs are additionally regulated under 18 A.A.C. 9, Article 10 and includes requirements 
for: 
• Treatment, Transportation, Land Application, and Management of Biosolids. 
• Class I Management Facilities, other Major Wastewater Treatment Plants and Treatment Works 

Treating Domestic Sewage. 
• Management Practices and Application of Biosolids to Reclamation Sites. 

In addition to complying with the requirements in 40 CFR 503, Subpart C, any biosolids processing or 
composting facilities must apply for an Aquifer Protection Permit (APP). Additionally, mine operations 
operate under an APP and subsequently utilization of biosolids for mine reclamation must comply with 
APP requirements. 

If ADEQ determines that the site restrictions and management practices for land application will not 
protect public health or the environment, ADEQ may impose case-by-case requirements or require an 
AZPDES Permit. 

Incineration of biosolids is prohibited in Arizona. 

Land Based Programs. Farmers who want to use biosolids as a fertilizer in their agricultural lands in 
Arizona must register their land with ADEQ, and provide annual reports that detail information such as 
quantity of application and metal concentrations and nitrogen content of the biosolids. There are 
numerous restrictions including depth to groundwater, slope, proximity to neighbors, types of crops, land 
access and harvest dates. Agronomic application rates are calculated based on the amount of nitrogen 
required to grow a given crop. The Town of Marana has an ordinance requiring incorporation of biosolids 
post application within 24 hours. 

Best Management Practices for Land Application of Biosolids. Land on which biosolids with Class B 
pathogen reduction requirements are applied is subject to the use restrictions established in 
R18-9-1009. 

An applicator of bulk biosolids that are not Class A biosolids shall comply with the following management 
practices at each land application site, except a site where bulk biosolids are applied for reclamation. 
• The soil and biosolids mixture must have a pH of 6.5 or higher immediately after land application. 
• Biosolids shall not be applied to land with slopes greater than 6 percent unless the site is operating 

under an AZPDES permit. 

http://www.azdeq.gov/environ/water/permits/app.html
http://www.azdeq.gov/environ/water/permits/azpdes.html
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Bulk biosolids may be applied to land under the following conditions: 
• Bulk biosolids with Class A pathogen reduction (fecal coliform < than 1000 MPN/g total solids dry 

weight basis, and salmonella < 3 MPN/ 4g total solids dry weight basis), if the depth to groundwater 
is 5 feet or less. 

• Bulk biosolids with Class B pathogen reduction (fecal coliform < than 2,000,000 MPN/g total solids 
dry weight basis in 7 samples): 
− If the depth to groundwater is 10 feet or less. 
− To gravel, coarse or medium sands, or sands with less than 15 percent coarse fragments, if the 

depth to groundwater is 40 feet or less from the point of application of biosolids. 

Biosolids may not be applied to land that is 32.8 feet or less from navigable waters, and 1,000 feet from 
a public or semi public drinking water supply well, 250 feet from any well, or within 25 feet of a public 
right away or private property. 

Biosolids with less than 10 percent solids may not be applied at a rate that exceeds the annual 
application rate. 

To date PCRWRD’s land application has remained in compliance with state and federal regulations. 

Best Management Practices for Mine Reclamation. The majority of best management practices outlined 
by AZPDES for mine reclamation are identical to the rules for land application with a few additional 
stipulations. The rules stipulate that application rates of biosolids not exceed “5X the agronomic rate” of 
N or 150 DT per acre on any portion of the reclamation site, that biosolids may only be applied to sites 
with a pH of 6.5 or greater and with slopes of less than 6 percent. These restrictions were placed to 
address the concerns of ADEQ about potential excess nitrates leaching into the groundwater or running 
offsite, and the possible mobility of heavy metals. 

2.3.3 Future Regulatory Trends and Public Perception 
Research into the health and safety of biosolids is on-going. A discussion of current research topics and 
potential compound categories being considered for future regulation are discussed below. 

Emerging Contaminants. In recent years, a variety of compounds used in industrial and domestic 
applications have been detected in trace amounts in wastewater and biosolids. The source of these 
numerous compounds are widely diverse, but usually from direct human use and contact, including 
pharmaceuticals, personal care products, plasticizers, surfactants, pesticides, and fire retardants (Kolpin 
et al., 2002). Since by far most of these compounds enter the wastewater collection system through 
domestic use and direct human contact, exposure to humans from wastewater or biosolids is less of a 
concern than potential impacts on downstream environmental systems. Concern exists that these 
emerging contaminants can be emitted to the environment through wastewater outflows or biosolids 
application. 

Biological secondary wastewater treatment processes reduce and remove some of these contaminants 
through metabolism by wastewater treatment micro-organisms and by adsorption on the biosolids. The 
efficiency of removal of these compounds appears to improve with contact time between the treatment 
microorganisms and the wastewater. Therefore, the more advanced biological treatment systems which 
have long solids retention times, such as biological nutrient removal and membrane bioreactor 
technologies, are more successful in reducing the concentrations of trace contaminants. However, 
complete removal of all these sophisticated organics will require application of an advanced oxidation 
process such as high intensity ultraviolet radiation combined with chemical oxidation using peroxide. 

The impacts of these compounds in the environment are currently under extensive investigation 
although leading research indicates little threat to public health through biosolids use (OACWA, 2009). 
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European investigators have been very active in this field. The U.S. EPA plans to conduct extensive 
exposure and hazard assessments for these pollutants including toxicity data for humans, solids 
pollutant concentrations and the fate and transport of these compounds in the environment (OACWA, 
2009). Regulatory agencies are currently not requesting additional treatment until the significance of the 
impact of the residual levels of these compounds following secondary treatment is established. 
Regulatory trends should continue to be tracked as more of these compounds are identified and their 
fate in the environment is elucidated. 

Regrowth of Fecal Coliform. Recent research has investigated the phenomenon of fecal coliform 
reactivation and regrowth from dewatered biosolids. Findings of these efforts indicate that for some 
sludges, sudden increases in fecal coliform occur in digested sludge following centrifuge dewatering. Far 
fewer instances have been observed with other dewatering technologies. Increasing concentrations of 
these organisms during storage of biosolids following centrifuge dewatering has also been noted. 
Reactivation and re-growth of other pathogenic organisms has not been observed, indicating this may 
only be a phenomenon with fecal coliform. Reactivation and regrowth has not been observed with some 
digestion technologies, such as the extended thermophilic anaerobic digestion system. On-going 
research is being conducted to address this phenomenon and determine the root cause and potential 
solutions in order to minimize risk to public health and promote necessary regulatory changes. 

2.4 Overview of Renewable Energy Credits (RECs) and Carbon 
Financial Instruments 

As this master plan is focused on potential changes to PCRWRD’s processes for managing biosolids and 
biogas, and these changes might improve PCRWRD’s sustainability profile, especially for energy usage, it 
is appropriate to consider the market place attributes of these potential improvements. 

RECs and “carbon credits” can be considered an attempt to monetize “environmental improvement 
attributes” associated with either the production of renewable power or the reduction in annual 
greenhouse gas (GHG) emissions, respectively. These attributes have or at one time had monetary value 
and conceivably can be or could be bought, sold, or otherwise exchanged by willing parties. 

In today’s world, however, the monetary value of REC has changed considerably in recent years; thus the 
actual value of REC might depend on the political and economic conditions at the time the REC are 
assigned their value. 

It is also important to consider that environmental improvement attributes may be used to produce RECs 
or GHG reduction credits, but not both for the same improvement. As such, determination of the highest 
value to PCRWRD as either internally applied or for sale RECs or GHG reduction credits is of importance. 
If, as an example, PCRWRD were to produce renewable power from digester-gas-fueled combined heat 
and power (CHP), then the likely highest monetary value of the environmental improvement attributes 
will be in the sale of RECs to electricity providers, if a buyer were to buy the REC. With that said, PCRWRD 
may still report the absolute magnitude of their GHG inventory on an annual basis and show that future 
years are lower because of the use internally-generated renewable power instead of purchased fossil-
fuel-derived power; but the carbon improvements may not be sold if the RECs have already been sold for 
the same kWh. 

2.4.1 Renewable Energy Credits 
As conceived, RECs are tradable commodities that represent proof that energy is generated from 
renewable energy sources. Many power utilities are required to provide a percentage of their power from 
renewable energy sources. This is sometimes accomplished through the purchase of green tags or 
equivalent renewable energy ownership certificates from the party that is generating renewable energy. 
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In November 2006 the Arizona Corporation Commission adopted final rules to expand the state's 
Renewable Energy Standard or Renewable Portfolio Standards (RPS) from 1.5 percent in 2007 with 
5 percent of that total from distributed energy technologies to 15 percent with at least 30 percent of that 
from distributed renewable technologies by 2025. The final rules have increasing requirements that 
escalate each year from 2006 to 2025. If investor-owned utilities or electrical cooperatives that sell 
retail electricity are not in compliance, then RECs might need to be purchased in order to meet 
compliance. That said, penalties for non-compliance with RPS are not being universally applied. 

Of increased relevance is the Tucson Electric Power Company’s (TEP) “Green Watt” green energy 
program. TEP’s website suggests that they might be developing a more extensive RPS that would include 
energy derived from geothermal, hydro, wind, and biomass/biogas. The following biomass/biogas 
requirements are from TEC’s website: 
• Biomass/Biogas, Hydro or Geothermal system installations involving a regulated boiler or pressure 

vessel are required to comply with all Arizona state boiler regulations, provide a qualifying boiler 
inspection identification number, and keep all applicable permits in good standing. 

• System must include a dedicated performance meter to allow for monitoring of the amount of 
electricity produced. 

• Pre-operational or pre-commissioning energy savings and design output for the system will be verified 
by submitting either a testing certification for a substantially similar system prepared by a publicly 
funded laboratory or by submitting an engineering report stamped by a qualified registered 
professional engineer. The engineering report shall provide a description of the system and major 
components, design criteria and performance expectations, applicable standards and/or codes, and 
a brief history of components in similar applications. 

• The system will have a material and labor warranty of at least 5 years. 
• The system must meet Arizona Department of Environmental Quality environmental standards. 

While TEP’s criteria for biogas-derived RECs might be relevant, especially if PCRWRD desires to sell 
future RECs to TEP, there have been other national or regional options for certification of RECs. As one 
example, Green-e (www.green-e.org) is a certifier/verifier of environmental enhancement attributes. 
Their stated mission is to “Certify environmental commodities and products that mitigate climate change 
and help build a sustainable energy future.” 

Green-e certification of renewable power produced by PCRWRD facilities/improvements could provide 
greater confidence by potential REC purchasers and potentially might increase the value and options for 
their sale. 

2.4.2 Carbon Financial Instruments 
At one time the Chicago Climate Exchange (CCX) provided an open market for the sale of Carbon 
Financial Instruments (CFIs) in the United States of America (New York Times - January 3, 2011). CCX 
operated as a voluntary subscriber system whereby members commit to future CFI reductions, 
attempting to create a mandatory carbon market from voluntary subscribers. The closure of the CCX 
resulted from a larger supply of CFIs than demand which drove the price of CFIs from highs of near 
$7.00 per metric ton of carbon dioxide equivalents (MT CO2e) in the summer of 2008 to $0.05 per MT 
CO2e in late 2009 and this downward trend continued throughout 2011. Since January 2011, however, 
interest in the CCX has declined considerable and the price paid for CFI is virtually nothing. 

The drop in the value of CFIs in the United States (US) is largely the result of the inability of the US 
Congress to enact carbon cap and trade legislation which would have created a more robust market for 
CFIs. The current (2012) political agendas in the US Congress suggest that re-kindling interest in cap and 
trade legislation will not occur in the foreseeable future. 

http://www.green-e.org/
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Sister organizations (European Climate Exchange, ECX; Montreal Climate Exchange, MCeX; Tianjin 
Climate Exchange, TCX; and EnveX, Australia) are still marginally in operation. These other markets are 
driven by more aggressive regulatory pressure and political climates. 

It should be noted that regional carbon regulation and markets exist, such as the Regional Greenhouse 
Gas Initiative in the Northeastern US and California Assembly Bill No. 32 coupled with the Climate Action 
Reserve in California, and might still or eventually provide mechanisms for the exchange of CFIs in the 
US. However, until carbon regulation is implemented nationally in the US, if this ever occurs, the US 
market for CFIs will likely not be as strong as the market for RECs. 

2.4.3 Sale of RECs and CFIs 
While at one time there were a variety of ways to publically trade RECs and CFIs through commercial 
markets, though all that is actually needed is an agreement and contract between a willing seller and an 
interested buyer. Today there are fewer interested buyers, which reduces the value of the commodity. In 
the future, PCRWRD may wish to consider the following options for potential sale of the environmental 
improvement attributes: 
6. Sale to TEP. As TEP has a program for sale of RECs to customers, is the local utility serving PCRWRD 

with a pre-existing relationship, must comply with the Arizona RPS, and might be developing a biogas-
fueled option under its Green-Watt program. 

7. Sale to Arizona Public Service (APS). As the other leading electrical provider in the State, APS must 
also comply with Arizona’s RPS and conceivably might be willing to invest in PCRWRD’s RECs. APS 
has a stated goal of “1,600 megawatts of renewable resource within the next 15 to 20 years” 
(www.aps.com), but other clean renewable techniques, specifically solar power, have garnered the 
bulk of this RPS interest due to the substantial reduction in cost for solar PV facilities, and the other 
emissions-free environmental benefits of solar energy. 

8. Sale of Either Digester Gas, RECs or CFIs to Tucson-based Industry. Many corporations have 
sustainability goals that go beyond state and federal government mandates. These corporations, if 
located within Tucson or the surrounding community, may be interested in either purchasing 
PCRWRD digester gas (either treated or raw) for use in their own CHP or purchasing the 
environmental attribute to either improve their energy profile or GHG inventory. Because of the TEP 
tariff structure and limitations on minimum power consumption, selling the digester gas fuel may be 
preferential to the industry; especially if they can use the developed heat in addition to the CHP-
produced electricity. Finding willing industrial buyers for the gas, in light of very low natural gas prices, 
will be very difficult. 

9. Sale to Others Outside of the Sate of Arizona. This approach may provide an alternative source of 
revenue to PCRWRD if the above in-state options do not appear suitable. California is certainly the 
most likely buyer, but the market conditions that existed in 2010 and early 2011 have changed. New 
restrictions are under consideration to limit this option. 

2.4.4 Renewable identification Numbers 
The renewable fuel standard (RFS) adopted as part of the Energy Policy Act of 2005 requires that motor-
vehicle fuel in the lower 48 states contain specific volumes of renewable fuel for each calendar year, 
beginning with 4 billion gallons of renewable fuel in 2006 and ratcheting up to 7.5 billion gallons by 
2012. What is not generally understood, however, is how compliance with the standard will be 
measured. While projections are that renewable fuel volumes will easily exceed the RFS, compliance 
under the standard is nonetheless important. Under the compliance program, which was announced by 
the U.S. EPA in May, 2011 and went into effect September 1, 2011, any party, including refiners, 
blenders and importers, that produces or imports gasoline for U.S. consumption, will be subject to a 

http://www.aps.com/
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"renewable volume obligation," the purpose of which is to measure the amount of renewable fuel making 
its way into motor-vehicle fuel sold or introduced into U.S. commerce, and to ensure that it meets the 
RFS.  

Under the EPA's RFS program, every gallon of renewable fuel produced or imported into the United 
States will be assigned a renewable identification number (RIN). RINs are intended to represent proxies 
for the amount of renewable fuels actually blended into gasoline or otherwise used as a motor vehicle 
fuel. Each year, obligated parties-refiners, blenders and importers-must acquire sufficient RINs to 
demonstrate compliance with their volume obligation. The RIN, in essence, is now a credit used as a 
method to keep score. If an obligated party blends more renewable fuel than its share, it generates 
excess RINs. These excess RINs can then be traded or sold to another company that finds it more 
economical to purchase RINs instead of blending a renewable fuel with a non-renewable fuel. Banking 
and trading of RINs as renewable fuel credits forms the basis for an open RIN market. 

Ultimately, the RIN must end up in the hands of the petroleum refiner or gasoline importer to be used for 
compliance purposes. However, trading of RINs is not limited to just oil companies or renewable fuel 
suppliers. In fact, any company can trade RINs, provided that it is registered with EPA to participate in 
the program. With the program now just in its infancy, RIN trading is still being conducted at the most 
basic level – between renewable fuel suppliers and oil companies. As the market matures, it is expected 
that more players will enter the field. 

In reality the RFS and the RIN program is in its infancy. Most companies are still working on systems to 
handle the paperwork. The RIN is the heart of the Renewable Fuels Standard and it is expected to 
continue to be used and evolve as a commodity of value. The interest in RINS as a commodity of value 
may become even greater with RFS2 modifications as part of the Energy Independence and Security Act 
of 2007. Biogas converted to biomethane and used for vehicle fuel may be able to take advantage of the 
RIN marketplace to enhance the value of the biomethane produced. In fact, the outlook is good for 
biomethane used as vehicle fuel to command a premium value in the vehicle fuel marketplace. However, 
because of the uncertainty associated with the lack of maturity in the market, it is impossible to predict 
with accuracy exactly what this premium may be. 

2.4.5 Applicability to Master Plan Development 
The current “market” for RECs, RINs and other financial instruments that provide economic incentives 
for development of renewable energy is extremely difficult to quantify at a planning level. As discussed 
above, local utilities advertise incentives for development of renewable energy sources such as biogas to 
energy, but the specific terms of any agreement are the subject of negotiations between the utility (like 
TEP) and the renewable energy developer (like PCRWRD). And typically, these negotiations will not occur 
until the developer is ready to commit capital to the project, or in some cases after the developer has 
committed to the project. The details of the negotiated terms can have a dramatic impact on the true 
value of the financial incentive, and may carry special provisions that could impact operation of the 
renewable energy facility. For example, in the case of the Ina Road WRF, the special tariff agreed to 
between PCRWRD and TEP includes stipulations that will limit the amount of electric power generated 
on-site versus what is purchased; this provision would impact any renewable energy option that uses 
biogas to generate electric power on-site. 

A very few government grants, including tax incentives, for renewable energy projects continue to be 
available, but far fewer incentive programs are still viable than in 2009 or in 2010 for example. 
However, in developing a long-term plan, the availability of these programs, and the magnitude of their 
financial benefit, is impossible to predict for projects that will be implemented even 1 to 2 years in the 
future. 
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Recognizing the difficulty in quantifying the value of RECs, RINs or other similar financial incentives, the 
development of biogas utilization alternatives (Section 4 ), and recommendations in Section 6, will 
consider these opportunities qualitatively. In developing life cycle, net-present value comparisons, the 
specific value of incentives will not be assumed; the potential for receiving renewable energy incentives 
will be considered independently and qualitatively. This approach avoids assigning a high value incentive 
to one alternative, which may sway the life cycle cost evaluation, only to learn later that the incentive is 
no longer available, or the specific terms are not favorable to PCRWRD. Given the time usually required 
to implement such a program in the municipal or local government level, stable economic parameters 
are of significant importance. 
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Section 3 

Biosolids Market Assessment and Technology 
Screening 
In developing a comprehensive biosolids management and utilization strategy for Pima County Regional 
Wastewater Reclamation Department’s (PCRWRD), the following goals and objectives were considered: 
• Provide long-term reliability. 
• Comply with current and evolving regulations. 
• Minimize cost and be sensitive to rate payers. 
• Rely upon proven technologies/approaches. 
• Tailor biosolids program to PCRWRD’s circumstances. 
• Enhance PCRWRD’s public image. 
• Be consistent with PCRWRD’s Sustainable Action Plan. 

To achieve these goals and objectives, the comprehensive strategy includes two primary components: 
1. Biosolids markets and the biosolids products that will support those markets. 
2. Technologies to produce those biosolids products. 

Both have been considered as part of this Master Plan and are summarized in this section. 

3.1 Overview of Biosolids Market Assessment 
The approach to the biosolids market assessment was to determine the following: 
• Who are the likely users of biosolids products in the greater PCRWRD area? 
• What are the product characteristics that enhance market interest and demand? 

The data gathered through the market assessment was used to develop answers to these questions, 
and provide direction for features of PCRWRD’s current biosolids program that should be retained and 
changes that may be warranted to enhance long term reliability. The following sections summarize the 
activities conducted to assess the market place for potential PCRWRD biosolids products. Activities 
include an assessment of PCRWRD’s current biosolids program and exploration of other potential 
products and outlets. 

3.1.1 Biosolids Classification 
To ensure that biosolids products are safely used the Environmental Protection Agency developed the 
40 CFR Part 503 Rule to “protect public health and the environment.” The rule provides limits on 
pollutants, pathogens, and vector attraction in biosolids products. Pollutants (trace metals) in PCRWRD 
biosolids are well within established limits for land application or product distribution and are not a 
factor in this evaluation. Class A and Class B pathogen reduction are, however, an important 
consideration for evaluating program direction. 

Class A biosolids are considered pathogen free and can be land applied without restrictions or be 
marketed to the public as a fertilizer and soil amendment. Common ways to achieve Class A pathogen 
reduction include thermophilic (high temperature) anaerobic digestion, thermal drying, and composting. 
Detailed descriptions of process technologies will be provided in a subsequent section of this report. 
Class A product requirements are as follows: 
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• Fecal coliform density <1,000 MPN/g total solids (dry weight), or 
• Salmonella sp. <3 MPN/4 g total solids (dry weight). 

Unlike Class A biosolids where pathogens are below detectable levels, Class B biosolids may contain 
some pathogens. For this reason, Class B use is subject to certain restrictions for crop harvesting, 
grazing animals and public contact for a certain period of time. For example, Class B biosolids are not 
applied to most food crops and grazing is prohibited for at least 30 days following application. Once 
applied Class B biosolids undergo further treatment when exposed to environmental conditions and soil 
microbes that further stabilize the solids. At PCRWRD, Class B pathogen reduction and stabilization 
(vector attraction reduction) are achieved through mesophilic anaerobic digestion. 

3.1.2 Summary of Biosolids Product Options 
In the context of market assessment, the term “products” refer to the characteristics of the biosolids 
leaving the treatment plant. Examples include slurry, dewatered cake, solar-dried product, or thermally-
dried product. Any of these products can meet Class B (restricted use) or Class A (unrestricted use) 
pathogen reduction requirements depending on the level of treatment. Thermophilic digestion and 
thermal drying, for example, provide high temperatures that eliminate pathogens and allow unrestricted 
product use. Currently, PCRWRD utilizes mesophilic digestion and generates a Class B product. Class B 
material is suitable for use as a fertilizer and soil amendment on private land with limited public access. 

A brief summary of each of potential products, specific to PCRWRD, is provided below: 

Slurry. Biosolids slurry consists of digested solids that are thickened in centrifuges to 6 to 8 percent total 
solids. The biosolids are applied via spreader or sub-surface injector trucks. This approach is currently 
used by PCRWRD contract operator AvraGro (John Kai, owner). The key to cost-effectiveness for this 
program approach is short (typically <10 mile) haul distance. 

 
Figure 3-1. Biosolids Slurry Application 

 

Dewatered Cake. Dewatered biosolids product is produced by dewatering digested solids using either 
belt filter presses or centrifuges. The product, typically referred to as “cake”, consists of 20 to 
25 percent total solids. This product is often moved using conveyors or front-end loaders rather than 
pumps. The color, odor and pathogen density characteristics of dewatered cake products are a function 
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of the processes used to treat the biosolids prior to dewatering. Dewatering reduces total volume and 
haul cost. It is also the first step toward further drying to produce a more marketable, soil-like product. 

 
Figure 3-2. Dewatered Biosolids Application 

 

Solar Dried Product. A solar dried product is produced by dewatering and subsequent drying of digested 
solids using solar energy, or enhanced solar energy. This can be accomplished via a greenhouse to 
speed-up the drying process. A solar dried product is assumed to be in the range of 70 to 80 percent 
total solids. Solar-dried product may be either Class A or B depending on storage time and test results. 

 
Figure 3-3. Solar Drying Bed With Greenhouse 

Enclosure and Automated Turning 

 

Thermally-Dried Product. Thermally-dried biosolids product is produced by drying digested and 
dewatered solids with thermal energy (i.e. electric or gas fired dryer). Thermally-dried solids have a solids 
concentration of greater than 90 percent and may be further processed into pellets. The pelletilized 
product typically costs more to produce but can have a higher market value. 
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Figure 3-4. Thermally-Dried Product Examples 

 

Compost Product. To develop a compost product, digested solids are blended with other organic 
material such as wood chips and yard debris. The mixture generates heat from biological activity during 
the active compost phase. In some cases, aeration is applied to the mixture to increase temperature and 
provide additional process control. If process time and temperature is adequate, Class A biosolids 
compost can be produced. Class A digested biosolids and dried biosolids products are also suitable 
compost feedstocks. When starting with Class A material regulatory and process controls are minimized. 
Compost products are excellent soil amendments and are highly marketable. 

 
Figure 3-5. Aerated Pile Composting With Biofilter for Odor Control 

 

Manufactured Soil Product. A manufactured soil product is created by blending dewatered or dried 
biosolids with supplemental materials such as sand and sawdust to create a soil-like product. Class A 
biosolids feedstock is required as soil blending itself is not a treatment process. The City of Tacoma, 
Washington, has pioneered the soil manufacturing concept with Class A digested, dewatered biosolids 
and operates a very successful marketing program. 
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Figure 3-6. TAGRO Soil Manufacturing Operation, Tacoma WA 

 

3.1.3 Overview of Existing Biosolids Program 
PCRWRD’s current biosolids management program has been reliable and cost-effective for over 
20 years. The program is based on land application of Class B biosolids in slurry form. As part of the Ina 
Road Water Reclamation Facility (Ina Road WRF) solids processing system, digested solids are thickened 
to 6 to 8 percent concentration and pumped to a storage vessel (bladder in an earthen impoundment). 
PCRWRD’s biosolids contractor is then responsible for loading the slurry into haul trucks, and 
transporting the solids to agricultural land application sites. There, the contractor transfers the biosolids 
slurry to specialized equipment for injection into the soil. The current contractor is AvraGro Systems, Inc. 

AvraGro, through its principal owner Mr. John Kai, has access to approximately 10,000 acres within 
10 miles of the Ina Road WRF, and mostly within the town limits of Marana. Up to two 6,000 gallon loads 
are injected per acre on wheat and cotton fields. Approximately 3,000 acres per year are actually used, 
allowing for rotation to open fields and scheduling around management of individual farms. Currently, 
AvraGro takes 100 percent of the biosolids production from the Ina Road WRF (including the digested 
solids transferred from the Roger Road WRF). Based on biosolids production estimates, there is 
sufficient acreage available to AvraGro to meet future PCRWRD program needs. 

Though the current biosolids program has been reliable and cost-effective, it is vulnerable to potential 
changes, including the following: 
1. Loss of Agricultural Land Due to Urbanization. Development pressures are impinging on existing 

agricultural land, including land used for biosolids application. Over time, available land within close 
driving distance from Ina Road WRF may be reduced to less than what is needed to support 
PCRWRD’s biosolids program. 

2. Loss of Public Acceptance. As housing and commercial development moves closer to the land 
application sites, there may be public pressure to curtail or discontinue land application. 

3. Political Pressure. Currently, all land application sites used for PCRWRD’s biosolids are within the 
Town of Marana. This makes the current program vulnerable to political friction between PCRWRD 
and Marana. 

4. Loss of Viable Contractor. AvraGro has been providing haul and application services for many years. 
Though other contractors are in this business, their costs may be significantly higher than AvraGro. 
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5. Regulatory changes that may require higher quality of biosolids product than is currently produced, or 
other changes that would require curtailment of the current biosolids program. 

For these reasons, the market assessment considers alternatives to the current biosolids program. A 
description of market assessment activities and results is provided below. 

3.1.4 Contacts with Potential Biosolids Users 
Improving the reliability of PCRWRD’s biosolids program is a primary objective. A key strategy is to 
diversify the users of biosolids so that PCRWRD is not beholden to one outlet and/or one contractor. 
Also, diversifying the biosolids products beyond just Class B slurry may protect the utility from changes in 
the market or regulations. This section summarizes discussions with potential biosolids users in the 
PCRWRD area; the results of these discussions form the basis of the market assessment portion of this 
master plan. 

Gordley Design Group assisted Brown and Caldwell in organizing and facilitating meetings with potential 
public and private biosolids product users. The effort was conducted between February and July 2011. 
Potential Class B users included the existing/current biosolids contractor (AvraGro Systems Inc.) as well 
as other potential outlets in the area. Possible Class A customers engaged included City of Tucson 
departments, other PCRWRD departments, and local compost and topsoil manufacturers. Contact 
reports including contact persons, contact information, and summary of discussions is provided in 
Appendix A. 

During discussions with the potential users, emphasis was placed on identifying potential demand and 
interest as well as concerns or constraints for the product use. Initial outreach was made to potential 
users; the outreach was enhanced by the cooperation and willingness of participants to support this 
effort and identify other potential users. Throughout the engagement process participants consistently 
expressed the following: 
• Interest in the biosolids and biogas program. 
• Desire for demonstration projects. 
• Concerns about Arizona Department of Environmental Qualify (ADEQ) permitting. 
• Concerns about program start-up capital costs and funding. 

The following is a summary of the contacts: 

City of Tucson. When contact was made with the City of Tucson, staff from Environmental Management 
and the Parks and Recreation Department expressed interest in using both Class A and B biosolids for 
composting, landfill gas enhancement and golf courses. Concerns expressed during discussions 
centered on permitting, cost effectiveness, chemical and metal content, odor problems and attracting 
vectors. Materials compaction issues were expressed specifically in regard to the landfill. It was 
recommended to start with a side-by-side demonstration project comparing regular compost with 
biosolid-generated compost. 

Pima County Pima County staffers were very open to using the biosolids in a variety of ways. Natural 
Resources Park and Recreation Department, in particular, indicated there are a number of Pima County-
owned ranches and properties, such as Canoa Ranch, that could potentially benefit from biosolids 
products. They also spoke of the availability of two external funding sources for ranch land restoration 
demonstration projects, including the Altar Valley Conservation Alliance, a 501(c)(3) group of ranches 
and the federally funded Environmental Quality Incentives Program (EQUIP) that can help pay for up to 
80 percent of land restoration through the United States Department of Agriculture Natural Resource 
Conservation program. 
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The Pima Department of Environmental Quality Solid Waste Division expressed interest in using biosolids 
as landfill cover and using collected yard waste combined with biosolids to create compost. They were 
primarily concerned with obtaining capital to create a facility to separate yard waste and, like the City of 
Tucson, they also recommended a demonstration project. 

The Regional Flood Control District was interested in the future use of biosolids for habitat restoration 
and also said they would need to be careful where it is applied. They indicated the best possibility for 
usage may be in their habitat restoration project areas where public access is restricted. They requested 
continued contact and updates as biosolid target markets are developed. 

Composting and Other Opportunities. The Fairfax Companies, a commercial retailer who sells compost 
to local retailers, including Civano Nursery and Mesquite Valley Growers, did not express interest in 
taking biosolids to amend soils. When contacted, however, they expressed interest only in taking 
biosolids for use in a proprietary system they are developing near the Ina Road WRF, but no further 
information was provided. 

During discussions with the current PCRWRD biosolids contractor, AvraGro Systems Inc., they indicated 
AvraGro has over 500 acres being treated with biosolids just south of Green Valley in the Arivaca Road 
and I-19 area, as well as more land near Nogales. The source of the biosolids was unclear. The concerns 
they expressed included the costs to spread biosolids in new, smaller tracts of land and prohibitive 
mobilization-demobilization costs for those efforts. 

Utilities. Tucson Electric Power (TEP) did not consider the use of dried biosolids as a fuel replacement to 
be an option, since their equipment was not designed to handle that type of fuel and would require a 
new Arizona Department of Environmental Quality (ADEQ) permit. They are interested in burning biogas, 
but are concerned about the quality of the biogas produced at the wastewater treatment plant and how 
much effort would be involved in conditioning and delivery. They are interested in learning more about 
the opportunities available. 

Cement Plants. Feedback from cement companies indicate that plant permitting is very specific about 
what can be burned in their kilns. Changing the permit is expensive and would require extensive testing. 
They also expressed major concerns about biosolids being incorporated into the cement as the result of 
burning it in the kilns. They considered this a major impediment to biosolid use. 

Mining Reclamation 

Freeport-McMoRan (FMI). FMI staff expressed interest in using biosolids for reclamation if the hauling 
distance is reasonable. They expressed some concern about difficulties that could be encountered while 
trying to apply to tailings and thought dewatered product would be easier to apply. They are also 
interested in how biosolids field reclamation would compare with the solids they are using generated by 
their cattle-grazing program. A demonstration project was recommended. 

ASARCO. ASARCO Mission Mine staff indicated they have access to large quantities of topsoil available 
from previous excavations. They anticipate that if they used biosolids, the ADEQ would have major 
concerns about nitrates leaching into surface waters. 

3.1.5 Results of Market Assessment 
The input received from the discussions with potential biosolids users, coupled with experience of other 
municipal wastewater agencies, are summarized in Table 3-1 below. 
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Table 3-1. Results of Market Assessment 

Market Current Market Assessment

County Parks and Recreation, 
Golf Courses

Providing product from outside the area to show value in 
demonstration plots would be beneficial. 

Mine Reclamation Current mine company ASARCO will only continue 
accepting biosolids for the next few years.  Develop 
demonstration program at FMI to facilitate regulatory 
approval and user interest. 

Landfill Reclamation Currently no projects in Arizona, but potential exists to 
demonstrate benefits. 

Compost/Topsoil Manufacturer Currently few projects in Arizona, but potential exists to 
demonstrate benefits. 

Cement Kiln/Power Plant Fuel Currently no projects in Arizona

Highest potential
Medium potential, some concerns
Lowest potential, significant barriers

County is interested in taking Class A biosolids for application to parks, turf 
fertilization, or  gravel mine restoration. 

Freeport-McMoran willing to develop a demonstration program.  Timing and quantity 
of biosolids must be coordinated with Freeport-McMoran.

Landfill companies are receptive to receiving the product 

High quality product and active marketing required; potential for private partnerships 

Potential air quality issues; preliminary feedback has been negative 

Opinion of Future Market Potential
Agricultural Land Application Current program utilizes this option and is cost effective.   

Can be expanded to County-owned ag land and other 
private land if dewatered to extend economic haul 
di t   

Current Product: Class B Slurry Current 
infrastructure and public acceptability lend 
credibility to this option 

Improved Products : Dewatered Cake 
Allows program diversity but has cost 
implications

 
 

Important results from the market assessment are summarized as follows: 
• Use of dried biosolids as a fuel replacement for the cement kiln or the TEP plant is not viable. 

Concerns about air emissions and product handling were the drivers against this approach. 
• There is significant interest in Class A biosolids for uses other than agricultural land application. The 

strongest interest is in Class A products in the form of dewatered cake, a dried product, compost, or 
manufactured topsoil. 

• Use of biosolids in mine tailings reclamation appears to be a viable option. FMI has expressed 
interest in engaging PCRWRD in a demonstration and/or long term agreement to take biosolids for 
mine tailings reclamation. Class B biosolids would be suitable for this application. The potential 
quantity of biosolids needed is large. However, a successful demonstration at FMI could lead to other 
mine sites taking biosolids for tailings reclamation. 

• Markets for compost and/or manufactured topsoil could be significant but require investment in 
development. PCRWRD could take the lead in developing these markets or could engage a third party 
contractor to develop the product and the market using feedstock. Class A biosolids have the highest 
potential for this purpose, although composting Class B biosolids to Class A standards is also 
possible. 

• Landfill reclamation may also be a viable market but also requires development and potentially a pilot 
study. 

• Other PCRWRD agencies, such as Parks and Recreation, have expressed interest in using biosolids, 
particularly Class A products. 

• PCRWRD owned ranches that have active agricultural operations may be viable outlets for biosolids 
(Class B if public access is controlled, otherwise Class A). An immediate pilot program opportunity is 
available. 

• City of Tucson golf courses may be an outlet for dried Class A products. 
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• PCRWRD is investing in new centrifuges that will have the capability of producing dewatered cake in 
addition to slurry. Developing a market for dewatered cake, either Class B or Class A, will take some 
investment. 

3.1.6 Conclusions and Recommendations for Implementation 
The market assessment summarized above provides direction for developing a long-term plan biosolids 
utilization program for PCRWRD. Based on the results above, the following summarize recommendations 
to achieve the goal of long-term reliability (more complete recommendations are provided in Section 6): 
1. PCRWRD’s current biosolids program remains cost-effective and reliable in the short-term. However, 

in order to achieve long-term reliability, PCRWRD should diversify both the biosolids products it 
produces as well as the outlets to receive and utilize those products. 

2. Diversifying biosolids outlets will require an investment by PCRWRD to develop these markets. 
PCRWRD should begin immediately to develop demonstration scale projects to produce diverse 
products. Opportunities include field demonstrations at the FMI mine and the PCRWRD-owned Canoa 
Ranch. Demonstrations would be conducted with Class B dewatered product when available. Advance 
planning is required to design the demonstrations and obtain regulatory approval. By investing in 
product and outlet diversity now, PCRWRD will be in a much stronger position to shift away from the 
current Class B slurry program should the current program become compromised. 

3. There is significant interest in Class A products, especially from other PCRWRD departments and the 
City of Tucson. However, the market assessment did not reveal a need to shift completely from Class 
B to Class A product at this time. Pilot-scale production of Class A material in the short-term will help 
build interest and diversity for PCRWRD’s biosolids program. Small quantities of dried product from 
other agencies could be imported for this purpose. 

4. The market assessment concluded that using biosolids as a fuel source is not viable for PCRWRD at 
this time; this may change over time, but it is not recommended that PCRWRD spend resources to 
develop this market unless approached by a potential user. 

5. Currently, there is no requirement to upgrade PCRWRD biosolids to Class A in order to maintain 
reliability and viability. There appears to be no current regulatory pressure to require Class A 
biosolids. And there has been virtually no public scrutiny of the current Class B land application 
program. That said, experience in other areas of the US has indicated that conditions may change, 
and Class A may be required in the future. Therefore, it is recommended that PCRWRD incorporate a 
plan to produce Class A biosolids, if required in the future. Options for achieving Class A are 
discussed in the following paragraphs. 

3.2 Biosolids Technology Assessment to Support Market Assessment 
and Long-Term Reliability 

A full array of biosolids technology options referred to as the “World of Options” totaling 44 (forty-four) 
were identified to address the market assessment objectives discussed in Section 3.1. The technology 
options are intended to establish a link between commercially available and viable biosolids treatment 
processes and the Class B and Class A Biosolids product categories identified by the market assessment 
recommendations. The summary of the biosolids product categories include the following. Refer to 
Table D3-1 of Appendix D for a comprehensive summary of the biosolids marketing results, and 
Workshop 2 documentation in Appendix G-2. 
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• Class B: 6 – 8 percent slurry, 20 – 25 percent dewatered cake, 70 – 80 percent solar dried. 
• Class A: 6 – 8 percent slurry, 25 – 30 percent dewatered cake, graded and non graded thermally 

dried, graded and non graded solar dried (Class A feedstock), compost (Class A feedstock), 
manufactured top soil (Class A feedstock). 

The technology options fall into the following four main technology categories: 
• Digestion Stabilization. 
• Non-digestion Stabilization. 
• Dewatering and Drying. 
• Other Solids Processing Technologies. 

The technology options were chosen to address both primary and secondary objectives and are listed in 
Table 3-2. 
 

Table 3-2. Technology Option Objectives 

Primary Objectives Secondary Objectives 

Achieving volatile solids reduction (stabilization) 
requirements of either Class B and Class A biosolids Increased digester gas production 

Improved product characteristics  

Reduced moisture content to reduce hauling costs  

 
The primary objectives focus on providing a stabilized and trouble-free product at the lowest cost. The 
secondary objectives focus on maximizing the production of biogas to support the (PCRWRD) biogas 
utilization objective. 

Detailed descriptions of the biosolids product categories are provided in Section 3-1. The biosolids 
processing technologies are presented in detail in Table D3-2 of Appendix D, and Workshop 3 in 
Appendix G-3. 

3.3 Summary of Preliminary Biosolids Technology Assessment and 
Screening 

Two levels of screening and assessment were performed to arrive at a list of the “Short-listed Options”. 

3.3.1 First Level Screening to Develop Viable Options - “Fatal Flaw” Analysis 
The biosolids technology categories and options identified in Section 3.2 were evaluated using first level 
screening and assessment factors to identify “Fatal Flaws” and arrive at a manageable list of “Viable 
Options”. Eight factors with their associated objectives were used in the fatal flaw screening as shown in 
Table 3-3. 
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Table 3-3. Fatal Flaw Screening Factors 

Screening Factors Screening Criteria 

Technology maturity Are technologies established (proven and in use)? 

Scale of prior experience Is scale similar to PCRWRD facilities? 

Area/Footprint 
Can the facility site requirements fit within the bounds of available site at the Ina 
Road WRF? 

Odor risk Is odor risk satisfactory and manageable? 

Operations and Maintenance (O&M) Is O&M not overly complex? 

Worker health and safety Is health and safety of workers not compromised? 

Product usage potential Is the product usage potential good? 

Implementation Risks Are implementation risks reasonable and manageable? 

 
The fatal flaw analysis was carried out in a workshop environment where a broad range of higher level 
objectives were applied that provided a framework to judge the merits of each technology option. Each 
option could have one of three outcomes: passed, not passed and future. Future designation denotes 
technologies that may prove to be viable in the future but only after gaining more industry-wide 
experience at a scale similar to PCRWRD. Only those technology options passing all the screening factors 
were carried forward as viable options and subject to second level qualitative screening and 
assessment. 

A total of 19 (nineteen) viable options pass the fatal flaw screening. A summary of the viable technology 
options organized in the four main technology categories are provided below: 
• Digestion stabilization: mesophilic and thermophilic anaerobic digestion; thermal hydrolysis 

processes (also received a “future” status). 
• Non-digestion Stabilization: Class A composting. 
• Dewatering and Drying: closed vessel solar and heat drying. 
• Other Solids Processing Technologies. 

Of the 25 technology options not passing the fatal flow screening, several were identified as to be 
considered in the future; specifically, the technology was judged to be promising but had not been 
proven at a scale comparable to Ina Road WRD. Therefore, these technologies should be re-visited in 
future biosolids evaluations in case they have developed further in the industry. Where an option 
received both a “not passed” and “future” screening status, it was assigned a future screening status. A 
summary of those technologies not passing fatal flaw screening include: 
• Digestion stabilization: aerobic and dual digestion processes. 
• Non-digestion Stabilization: Class B composting; alkaline treatment; vermiculture; sludge-to-oil; 

thermal process; irradiation; lagoons. 
• Dewatering and Drying: belt filter, screw and rotary presses; plate and frame filter; open air/solar 

drying; combined centrifuge/drying. 
• Other Solids Processing Technologies: Cannibal process. 
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The technology options suggested for future evaluation include: 
• Digestion stabilization: thermal hydrolysis process (also received a “passed” status). 
• Non-digestion Stabilization: Slurry Carb process; pyrolysis; gasification. 
• Dewatering and Drying: none. 
• Other Solids Processing Technologies: disintegration and nutrient removal processes. 

A detailed description of selected technology options and the fatal flaw screening are described in detail 
in Table D-3 of Appendix D and Workshop 3 in Appendix G-3. 

3.3.2 Second Level Screening and Assessment to Develop Short-listed Options - 
“Qualitative Screening” Analysis 

A total of 19 (nineteen) viable biosolids technology options developed from the fatal flaw screening in 
Section 3.3.1 were further evaluated in a workshop environment using a “Qualitative Screening” 
approach to identify the top four “Shortlisted Options”. A total of ten qualitative screening criteria were 
used and are shown in Table 3-4. 
 

Table 3-4. Qualitative Screening Factors 

Screening Factors Definition 

Cost to implement Qualitative, relative assessment of capital costs 

Operations and Maintenance cost Qualitative, relative cost to operate and maintain 

Proven process 
Has the process been successfully demonstrated at a scale comparable to 
PCRWRD 

Compatibility with existing facilities 
Does the proposed system integrate with and take advantage of PCRWRD’s 
existing infrastructure 

Compatibility with potential beneficial use 
of biogas 

Does the proposed system increase or decrease the availability of biogas for 
beneficial use 

Product use reliability Long term viability of product in PCRWRD market 

Long term sustainability Compatibility with PCRWRD’s Sustainable Action Plan 

Complexity of system and maintenance Complexity of system as it relates to operations and maintenance requirements  

Community acceptance Overall impact of system on the community 

System flexibility for future modifications Impact on future operations as equipment ages and becomes obsolete 

 
Unlike the fatal flaws analysis, the qualitative screening analysis applies a comprehensive scoring and 
weighted screening matrix approach to arrive at the short-listed options. The screening factors were 
evaluated in a workshop environment to score each technology option and arrive at the scoring matrix. 
Developing the total weighted score was based on applying weighting factors to the scoring matrix to 
establish the weighted screening matrix. 

Based on the scoring of the viable alternatives through the qualitative screening analysis, two Class A 
and one Class B Biosolids and one mixed Class A and Class B technology alternatives were identified as 
the short-listed options. The results of the screening are summarized below and tabulated in Table 3-4: 
• Base Case: Conventional anaerobic digestion, Class B. 
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• Alternative 1: Thermophilic Anaerobic Digestion, Class A. 
• Alternative 2: Solar-dried Product (utilizing solar greenhouse driers) with Class A feed stock, Class A. 
• Alternative 3: Solar-dried Product (utilizing solar greenhouse driers) with Class B feed stock, Class A 

and B. 

Note that the Base case was included in this evaluation and is intended to represent the continuation of 
the current biosolids treatment and management program. The purpose of including this alternative was 
to provide a comparison of changes in biosolids treatment and management with the current. However, 
it should be further noted that this base case assumes the new solids dewatering facilities, currently 
under construction as part of the ROMP, are completed and operational. Consequently, this base case 
alternative assumes a portion of biosolids are dewatered and taken to land application, similar to the 
current operation using 8 percent solids slurry. 

A detailed description of each short-listed option is provided in Section 3.4 below. Refer to detailed 
scoring and weighted screening matrixes in Tables D3-4 through D3-7 in Appendix D, and to Workshop 3 
in Appendix G-3. 

3.4 Biosolids Alternatives Evaluation 
The four short-listed options developed from the qualitative screening in Section 3.3.2 were further 
developed and are described in detail in the following sections. 

3.4.1 Base Case - Class B Conventional Anaerobic Digestion and Slurry/Cake Land 
Application 

The base case will be composed of existing mesophilic digesters (including two new digesters being 
constructed as part of the Ina Road WRF Upgrade and Expansion project) and utilizing existing sludge 
dewatering equipment (including centrifuges capable of producing dewatered biosolids, also being 
installed as part of the Ina Road WRF Upgrade and Expansion Project). Biogas from the mesophilic 
digesters will be directed to a new biogas processing facility. 

The resulting Class B biosolids products (6 percent slurry and 22 percent dewatered cake (cake)) could 
be used with the current land application program at a 50-50 split. The base case represents the option 
where only minimal investment in sludge haul trucks and land application equipment suitable for land 
application of dewatered cake would be required for implementation, and is illustrated in Figure 3-7. 
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Figure 3-7. Class B Digestion Class B Slurry and Cake 

 

3.4.2 Alternative 1 – Conversion to Class A Digestion and Slurry/Cake Land Application 
The Alternative 1 case proposes to produce Class A biosolids slurry and cake. The system will be 
composed of existing mesophilic digesters (including 2 new digesters being constructed as part of the 
Ina Road WRF Upgrade and Expansion project) converted to thermophilic digesters, and utilizing existing 
biosolids dewatering equipment (including centrifuges capable of producing dewatered biosolids, also 
being installed as part of the Ina Road WRF Upgrade and Expansion Project). The new configuration of 
the digesters will be for two 1.8 million gallon digesters to serve as the primary thermophilic digestion 
tanks followed by three 1.33 million gallon thermophilic digesters operated in a batch feed and 
withdrawal mode in order to achieve the requisite time-temperature relationship for Class A treatment. 
One 1.33 million gallon digester is available to serve as either a primary or batch digester or as a 
digested solids holding tank. Digester conversion will require new fixed steel dome digester covers for all 
six digesters and three new heat exchangers for the primary and batch thermophilic digesters. Existing 
linear motion digester mixers will be used with the new fixed covers; some retrofit of these mixers may 
also be necessary. New sludge transfer equipment will be required to move digesting solids between the 
first stage digesters and the second stage batch digesters. 

The resulting Class A biosolids products (6 percent slurry and 22 percent cake) could be used with the 
current land application program at a 50-50 split similar to the base case. However, as a Class A 
product, the biosolids would be viable for use in multiple additional applications. 

Modifications to the existing plant include elevating plant wide heat reservoir water temperatures to 
160 deg F for the new and existing heat exchangers. Biogas from the digester could be directed to a new 
biogas processing facility. Alternative 1 is illustrated in Figure 3-8. 
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Figure 3-8. Class A Digestion Class A Slurry and Cake 

 

3.4.3 Alternative 2 – Conversion to Class A Digestion Followed by Greenhouse Driers and 
Slurry/Cake Land Application 

The Alternative 2 case proposes to solar dry 12.5 percent of the Class A biosolids loading to 
approximately 75 percent Total Solids (TS) to produce dried Class A biosolids with the remaining 
87.5 percent going to Class A slurry and cake. The system will be composed of existing mesophilic 
digesters (including two new digesters being constructed as part of the Ina Road WRF Upgrade and 
Expansion project) converted to thermophilic digesters, and utilizing existing sludge biosolids dewatering 
equipment (including centrifuges capable of producing dewatered biosolids, also being installed as part 
of the Ina Road WRF Upgrade and Expansion Project). The new configuration of the digesters will be for 
two 1.8 million gallon digesters to serve as the primary thermophilic digestion tanks followed by three 
1.33 million gallon thermophilic digesters operated in a batch feed and withdrawal mode in order to 
achieve the requisite time-temperature relationship for Class A treatment. One 1.33 million gallon 
digester is available to serve as either a primary or batch digester or as a digested solids holding tank. 
The digester modifications for this alternative are essentially the same as the digester modifications 
proposed for alternative 1. 

The resulting Class A biosolids products could be used with the current land application program where 
the 87.5 percent fraction in the form of slurry and cake is split 50-50. The remaining 12.5 percent 
fraction of Class A cake will be hauled by sludge haul trucks less than 1 mile across the plant site, to 
approximately of four solar drying greenhouses located on the site of an abandoned landfill west of the 
Ina Road WRF (the landfill property is owned by PCRWRD). A site plan showing a proposed location of the 
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solar driers is shown in Figure 3-9. As a Class A dried product, the solids biosolids would be viable for 
use in multiple additional applications. 

 

 
Figure 3-9. Solar Drying Greenhouse Site Plan 

 

The viable option screening evaluation described above identified enhanced solar greenhouse dryers as 
potentially the most viable method of achieving a Class A dried product. This option is based on vendor 
designed solar greenhouses designed specifically for biosolids drying. Besides the greenhouse, these 
systems typically include a mechanism for turning and moving the solids, ventilation equipment, and 
odor control. Some additional space in the greenhouse or under cover is typically provided for storage of 
dried product so as to allow for coordination between dried product production and distribution. For this 
option, with a Class A material used as a feedstock, the design criteria are based solely on drying the 
material to 70 – 80 percent total solids. 

The new solar greenhouse dryers will require utility support from the Ina Road WRF infrastructure 
including electrical power connections totaling approximately 40-45 horsepower (hp) per solar drier, 
plant water connections for wash down and a wet scrubber, and a plant drain. All exhaust air will be 
treated by wet scrubbers. In addition, the plant hot water system temperature must be elevated to 
160 deg F to support thermophilic operation. Biogas from the thermophilic digesters will be routed to the 
biogas processing facility. Alternative 2 is illustrated in Figure 3-10. 
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Figure 3-10. Class A Digestion With Solar Greenhouse 

Drying, Class A Dried Product, Slurry, Cake 

 

3.4.4 Alternative 3 – Current Class B Digestion Followed by Greenhouse Driers (for Class A 
Dried Product) and Class B Slurry/Cake Land Application 

The Alternative 3 case proposes to solar dry 12.5 percent of the Class B biosolids to approximately 
75 percent TS and produce Class A biosolids. The remaining 87.5 percent biosolids will remain as 
Class B Biosolids. The system will be composed of existing mesophilic digesters (including two new 
digesters being constructed as part of the Ina Road WRF Upgrade and Expansion project) and utilizing 
existing sludge dewatering equipment (including centrifuges capable of producing dewatered biosolids, 
also being installed as part of the Ina Road WRF Upgrade and Expansion Project). Biogas from the 
mesophilic digesters will be directed to a new biogas processing facility. 

The resulting Class B biosolids products could be used with the current land application program where 
the 87.5 percent fraction in the form of slurry and cake is split 50-50. The remaining 12.5 percent 
fraction of Class A cake will be hauled by sludge haul trucks less than 1 mile across the plant site to a 
minimum of four solar drying greenhouses located on the site of an abandoned landfill west of the Ina 
Road WRF (the landfill property is owned by PCRWRD). As a Class A dried product, the biosolids would be 
viable for use in multiple additional applications. 

The new solar greenhouse dryers will require utility support from the Ina Road WRF infrastructure 
including electrical power connections totaling approximately 40-45 hp per solar drier, plant water 
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connections for wash down and a wet scrubber, and a plant drain. All exhaust air will be treated by wet 
scrubbers. Alternative 3 is illustrated in Figure 3-11. 
 

 
Figure 3-11. Class B Digestion With Solar Greenhouse Drying; 

Class B Slurry, Class B Cake, Class A Dried Product 

 

3.4.5 Capital Cost Estimates 
The estimated capital costs for the four short-listed alternatives summarized in Table 3-5 were 
developed to provide treatment capacity from years 2014 through 2026. 
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Table 3-5. Summary of Capital Cost Estimates for Short-listed Alternatives 

Cost Category 
Base Case:  

Conventional anaerobic 
digestion,  
(Class B) 

Alternative 1:  
Thermophilic Anaerobic 

Digestion,  
(Class A) 

Alternative 2:  
Solar-dried Product with 

Class A feed stock, 
(Class A) 

Alternative 3:  
Solar-dried Product (Class A) 
, and Class B slurry and cake 

(Class A and B) 

Digestion related 
equipment  $0 $8,185,200 $8,185,200 $0 

Solar Drier $0 $0 $9,855,000 $9,855,000 

Site $0 $0 $1,063,800 $1,063,800 

Electrical, 
Instrumentation 
and control 
(including site) 

$0 $1,473,300 $3,406,800 $1,933,500 

Total $0 $9,658,500 $22,510,800 $12,852,300 

 

The base case alternative (Base Case, refer to Section 3.4.1) by definition is assumed to have a minimal 
or no capital cost outlay to implement. Also assumed is the cost for any additional hauling equipment for 
dewatered cake would be provided by the contract hauling operation currently in use to dispose of 
6 percent slurry solids and therefore are not included in these estimates. 

Alternative 1 is based on addition of the following equipment to achieve Class A digestion process: 
• Demolition of existing digester covers. 
• Removal and reinstallation of existing mixers. 
• Installation of new steel domed, unsubmerged digester cover. 
• Insulation of digester steel cover and existing concrete tank walls. 
• Installation of 2 new 5 mmbtu heat exchangers on 1.8 mgal digesters and 4 3.6 mmbtu heat 

exchangers on 1.33 mgal digesters and associated hot water and sludge piping. 
• Sludge recirculation pumps for new heat exchangers. 
• Sludge transfer pumps and piping between first stage thermophilic digesters and batch digesters. 

Alternative 2 is based on addition of the following equipment to achieve class A digestion process and 
solar drying: 
• Demolition of existing digester covers. 
• Removal and reinstallation of existing mixers. 
• Installation of new steel domed, unsubmerged digester cover. 
• Insulation of digester steel cover and existing concrete tank walls. 
• Installation of two new 5 mmbtu heat exchangers on 1.8 mgal digesters and 4 3.6 mmbtu heat 

exchangers on 1.33 mgal digesters and associated hot water and sludge piping. 
• Sludge recirculation pumps for new heat exchangers. 
• Installation of four green houses including structural, mechanical, electrical and controls and odor 

control. 
• Installation of four biosolids turners. 
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• Installation of site improvements at adjacent land fill site including grading, paving, fencing, and 
utilities (water, power and drainage). 

• Sludge transfer pumps and piping between first stage thermophilic digesters and batch digesters. 

Alternative 3 is based on addition of the following equipment to achieve solar drying with Class B 
biosolids feed stock: 
• Installation of four green houses including structural, mechanical, electrical and controls and odor 

control. 
• Installation of four biosolids turners. 
• Installation of site improvements at adjacent land fill site including grading, paving, fencing, and 

utilities (water, power and drainage). 

The capital costs are based on developing detailed take-offs for labor and materials, and applying a 
percentage of the total construction cost to estimate electrical, control and site electrical costs as 
follows: 
• Equipment electrical: 15 percent of digestion and solar drier cost. 
• Site electrical: 15 percent of site development cost. 
• Equipment Instrumentation and Control: 3 percent of digestion and solar drier cost. 

The capital costs are also based on following escalation factors: 
• Contractor markup: 10 percent of construction subtotal total. 
• Startup: 2 percent of cumulative construction subtotal total. 
• Contingency: 25 percent of cumulative construction subtotal total. 
• Insurance and bonds: 5 percent of cumulative construction subtotal total. 
• AZ Sales Tax: 6 percent of cumulative construction subtotal total. 

A comparison of the capital costs for Alternatives 1 through 3 indicates the highest cost is for 
implementation of Alternative 2 Class A treatment conversion and solar drying followed by Class A 
treatment conversion. The cost for Alternative 3 represents the cost to implement solar drying. The cost 
for Alternative 2 is the summation of Alternatives 1 and 3 costs. 

3.4.6 Estimated Operations and Maintenance Costs 
The estimated annual Operations and Maintenance (O&M) costs for the four short-listed alternatives are 
summarized in Table 3-6 below. The first two cost categories represent the operational cost for sludge 
thickening/dewatering, and slurry/cake hauling on a per dry ton (DT) basis. The third and fourth cost 
categories represent the operational cost (power) and maintenance requirement (labor) for operating the 
additional Class A digestion process equipment and the solar drier (Class B and Class B feed stocks). 
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Table 3-6. Summary of Estimated Annual Operations and Maintenance Costs for Short-listed Alternatives 

O&M Cost Category 
Base Case:  

Conventional anaerobic 
digestion,  
(Class B) 

Alternative 1:  
Thermophilic Anaerobic 

Digestion,  
(Class A) 

Alternative 2:  
Solar-dried Product with 

Class A feed stock, 
(Class A) 

Alternative 3:  
Solar-dried Product with 

Class B feed stock,  
(Class A and B) 

Thickening and 
Dewatering 
 Slurry 
 Cake 
 Dried Product 

 
 

$488,500 
$665,000 

$0 

 
 

$455,000 a 
619,300 a 

$0 

 
 

$398,100 a 
$541,900 a 
$154,800 

 
 

$427,400 
$581,900 
$166,300 

Sludge Hauling 
 Slurry 
 Cake 
 Dried Product 

 
$639,300 
$559,700 

$0 

 
$595,400 a 
$210,200 a 

$0 

 
$521,000 a 
$183,900 a 

$17,500 

 
$559,400 
$489,800 
$18,800 

Power 
 Digestion 
 Solar Drying 

 
$0 
$0 

 
$39,600 

$0 

 
$39,600 
$10,200 

 
$0 

$10,900 

Labor 
 Digestion 
 Solar Drying 

 
$0 
$0 

 
$30,200 

$0 

 
$30,200 
$57,300 

 
$0 

$57,900 

Total $2,352,500 $1,949,700 $1,954,500 $2,312,400 

(a) Estimated costs reflect estimated additional volatile solids reduction (up to 60 percent) achievable through 
thermophilic digestion. 

 

A comparison of the estimated O&M costs capital costs for Alternatives 1 through 3 indicates the highest 
cost is the Base Case followed closely by Alternative 3. Alternatives 1 and 2 represented the lowest cost 
with Alternative 2 marginally lower than Alternative 1. 

The unit costs, basis and assumptions used in estimating O&M costs listed in Table 3-6 are presented 
below in Tables 3-8 and 3-9. 
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Table 3-7. Thickening and Centrifuge Operational Unit Costs and Basis 

Solids 
Type Solids Class Unit Cost, 

$/DT Basis Sub Category Sub Category Basis 

Slurry 
(6%) 

B, A 
 

$64.93 
 

Data provided by PCRWRW and 
includes polymer, power and 
labor 

  

Cake 
(22%) 

B, A 
 

$88.39 
 

Estimated slurry costs as a 
starting point with increases in 
the following sub categories: 

• Labor: 20% 
• Polymer: 50% 
• Power: 25% - 

• more time required for cake 
management 

• more polymer required for 
dewatering compared to 
thickening 

• more power to drive 
centrifuges at 22% solids 

Dried 
Product 

A $88.39 Refer to cake Refer to cake Refer to cake 

 
Table 3-8. Slurry and Cake Hauling Unit Costs and Basis 

Solids 
Type Solids Class Unit Cost, 

$/DT Basis 

Slurry 
(6%) 

B, A 
 

$84.97 
 

Current contract with AvraGro 

Cake 
(22%) 

B 
 

A 

$74.40 
 

$30.00 

Average of City of Mesa and City of Phoenix rates for 50+ miles one way haul 
 
$58.85/DT unit cost from Phoenix for up to 49 miles haul distance and assuming a 
50-50 split between disposal and local users of Class A product 

Dried 
Product 

A $10.00 conservative assumption where expected range of costs is $0 - $10/DT 

 
Table 3-9. Power and Labor Unit Cost and Basis 

Sludge 
Process Equipment  Power Cost, 

$/kWh 
Labor Cost, 

$/h Basis 

Digestion Heat exchanger 
sludge circulation 
pumps 
 

0.067 33.12 • Power: 18 hp operating load per pump operated 24/7/365 
• Labor 0.5 hours/day/pump, 365 days/year 

Solar 
Drying 

Sludge turner, 
ventilation, 
dampers, odor 
control 

0.067 33.12 • Power: 27 kWh/ton water removed. Operated during daylight 
hours with no supplemental heat input 

• Labor: 1 hour/day/solar drying cell, 365 days/year 
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3.4.7 Estimated Net Present Value Costs 
The short-listed alternatives were compared using a net present value (NPV) analysis to show the relative 
benefit to the Ina Road WRF over the 17 year period of operation. The NPV analysis includes the 
following major assumptions: 
• A time frame of 2014-2030. 
• A discount rate of 3.25 percent. 
• Zero salvage value at the end of useful life of the equipment. 
• A composite electricity rate of $0.067/kWh. 

The estimated net present value (NPV) of capital and the annual O&M costs for the four short-listed 
alternatives are summarized in Table 3-10. 

The results of the net present value analysis identified the Base Case as having the lowest NPV (lowest 
capital cost, the highest net present worth O&M costs). Alternative 1 had the second lowest NPV (second 
lowest capital cost, lowest present worth O&M cost). Alternative 2 had the highest NPV (highest capital 
cost, lowest present worth O&M cost (tied with Alternative 1)). Alterative three had the second highest 
NPV (second highest capital cost, highest present worth O&M cost). 
 

Table 3-10. Summary of Estimated Annual Operations and Maintenance Costs for Short-listed Alternatives 

Cost Category 
Base Case:  

Conventional anaerobic 
digestion,  
(Class B) 

Alternative 1:  
Thermophilic Anaerobic 

Digestion,  
(Class A) 

Alternative 2:  
Solar-dried Product with 

Class A feed stock, 
(Class A) 

Alternative 3:  
Solar-dried Product with 

Class B feed stock,  
(Class A and B) 

Capital (1) 
 

$0 
 

$9,658,500 
 

$22,510,800 
 

$12,852,300 

Annual O&M (2) 
 

$2,352,500 
 

$1,949,700 
 

$1,954,500 
 

$2,312,400 

Annual O&M 
Present Worth 
Factor (3)  

 
12.333 

Present Worth of 
Annual O&M (4) = 
(2) *(3) 

 
$29,013,400 

 
$24,045,700 

 
$24,104,800 

 
$28,518,800 

Net Present Value 
(5) = (1) + (4) $29,013,400 $33,704,200 $46,615,600 $41,371,100 

 

3.4.8 Sensitivity Analysis 
Sensitivity analyses were conducted to determine if the results of the NPV analysis are affected 
significantly by the assumptions used. These include slurry, dried product and cake hauling, slurry/cake 
split, haul distance, and electricity and labor costs. 

3.4.8.1 Effect of Increasing and Decreasing Hauling Cost 

The sensitivity of the NPV analysis was assessed for increasing and decreasing hauling and land 
application costs. Notable conclusions include the following: 
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The results show that each of the NPVs for the alternatives is affected in very similar ways. As hauling 
and land application (H&L) cost goes up, the NPVs increase, and NPV’s decrease as the H&L costs 
decrease. 
• The percentage change in NPV is the highest (most sensitive) for the Base Case and the lowest (least 

sensitive) for Alternative 2. 
• Base Case sensitivity (Class B): An increase in 20 percent of H&L costs results in an 11 percent 

increase in NPV. Similarly, with a 20 percent decrease in H&L costs, NPV decreases 9.4 percent. 
• Alternative 2 sensitivity (Class A and solar drying): An increase in 20 percent of H&L costs results in a 

4.4 percent increase in NPV. Similarly, with a 20 percent decrease in H&L costs, NPV decreases 
3.5 percent. 

• The Base Case sensitivity is higher because of the higher H&L requirements compared to 
Alternative 2 which has significantly reduced H&L requirements. 

• The relative NPV rankings are unaffected by changes in H&L costs. 

The results of the sensitivity analyses of slurry, cake and dried product H&L costs and NPV are shown in 
Figures 3-12 and 3-13. 
 

 
Figure 3-12. Effects of Increasing Total Hauling Costs 
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Figure 3-13. Effects of Decreasing Total Hauling Costs 

 

3.4.8.2 Effect of Class A Dewatered Cake Hauling Cost 

The sensitivity of the NPV analysis was assessed for Class A dewatered cake hauling and land 
application costs. Notable conclusions include the following. 
• The results show that NPVs for Alternatives 1 and 2 is affected in very similar ways. As hauling and 

land application (H&L) cost goes up, the NPVs increase. The Base Case and Alternative 3 were not 
reviewed. 

• The percentage change in NPV is the highest (most sensitive) for Alternative 1 and the lowest (least 
sensitive) for Alternative 2. 

• Alternative 1 sensitivity (Class A): An increase in H&L costs between $20/DT and $60/DT results in a 
7 percent increase in NPV. 

• Alternative 2 sensitivity (Class A, solar drying): An increase in H&L costs between $20/DT and 
$60/DT results in a 4.6 percent increase in NPV. 

• Alternative 1 sensitivity is higher because of the higher H&L requirements compared to Alternative 2 
sensitivity which has reduced H&L requirements. 

• The relative ranking at alternatives are not sensitive to changes in Class A H&L costs. 

The results of the sensitivity analyses of Class A dewatered cake H&L costs and NPV are shown in 
Figure-3-14. 
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Figure 3-14. Effect of Class A Dewatered Cake Hauling Cost 

 

3.4.8.3 Effect of Solar Dried Product Hauling Cost 

The sensitivity of the NPV analysis was assessed for solar dried product hauling and land application 
costs. Notable conclusions include the following. 
• The results show that NPVs for Alternatives 2 and 3 is affected in very similar ways. As hauling and 

land application (H&L) cost goes up, the NPVs increase. The Base Case and Alternative 1 were not 
reviewed. 

• The percentage change in NPV is the highest (most sensitive) for Alternative 2 and the lowest (least 
sensitive) for Alternative 3. 

• Alternative 3 sensitivity (Class B, solar drying): An increase in H&L costs between $-10/DT and 
$30/DT results in a 6.1 percent increase in NPV. Negative H&L cost represents revenue from sale of 
product. 

• Alternative 2 sensitivity (Class B, solar drying): An increase in H&L costs between $-10/DT and 
$30/DT results in a 3.7 percent increase in NPV. 

• Alternative 3 sensitivity is higher because of the higher fraction H&L requirements compared to 
Alternative 2 (Class A and solar drying) which has reduced H&L requirements. 

• The relative NPV ranking of alternatives are not impacted over a wide range of product hauling costs. 

The results of the sensitivity analyses of solar dried product H&L costs and NPV are shown in 
Figure-3-15. 
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Figure 3-15. Effect of Solar Dried Product Hauling Cost 

 

3.4.8.4 Effect of Slurry – Cake Split 

The sensitivity of the NPV analysis was assessed for slurry/cake and slurry/dried product ratios. Notable 
conclusions include the following. 
• Overall sensitivity to variations in slurry to cake/dried product ratios is very low (insensitive). The 

results show the NPVs for the Base Case and Alternatives 3 increases slightly as the slurry to cake 
and slurry to dried product ratios increases and the NPVs for the Alternatives 1 and 2 decreases 
slightly as ratios increases. 

• The range of slurry to cake ratios analyzed was 25 percent slurry - 75 percent cake to 75 percent 
slurry - 25 percent cake. 

• The range of slurry to dried product ratios analyzed was 21.9 percent slurry - 65.7 percent dried 
product to 65.7 percent slurry – 21.9 percent cake. 

• The percentage change in NPV for the Base Case and Alternative 3 was 1 percent and 0.6 percent 
respectively. 

• The percentage change in NPV for the Alternatives 1 and 3 was -1.8 percent and -1.0 percent 
respectively. 

The results of the sensitivity analyses of slurry–cake/dried product split and NPV are shown in 
Figure 3-16. 
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Figure 3-16. Effect of Slurry-Cake Split 

 

3.4.8.5 Effect of Higher Power and Labor Cost 

The sensitivity of the NPV analysis was assessed for power and labor. Notable conclusions include the 
following. 
• Overall sensitivity to variations in power and labor is very low (insensitive). The results show the NPVs 

for the Base Case and all Alternatives increases slightly as power and labor rates increase. 
• The 50 percent range of power and labor rates were analyzed: power: 0.067 $/kWh - $0.101 kWh; 

labor: 33.12 $/h - 49.68 $/h. 
• For power costs, the percentage change in NPV for the Base Case and Alternative 3 was negligible 

and 0.7 percent for Alternatives 1 and 2. 
• For labor costs, the percentage change in NPV for the Base Case was negligible and 0.5 percent, 

1.1 percent and 0.9 percent for Alternatives 1 through 3, respectively. 

The results of the sensitivity analyses of power and labor costs and NPV are shown in Figures 3-17 
and 3-18. 
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Figure 3-17. Effect of Higher Power Cost 

 

 

 
Figure 3-18. Effect of Higher Labor Cost 
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3.4.8.6 Effect of Hauling Distance 

The sensitivity of the NPV analysis was assessed for hauling distance. Notable conclusions include the 
following. 
• The results show that NPVs for the Base Case and all Alternatives are affected in very similar and 

predictable ways. As hauling distance increases, the NPVs increase. 
• The rate of change in NPV versus distance was highest for the Base Case (Class B) and Alternative 3 

(Class B, solar dried). 
• An increase from 25 miles to 200 miles hauling distance would result in anywhere from 7 percent to 

32 percent increase in NPV for the Base Case and 3 percent to 13 percent for Alternative 2. 
• As expected the base case sensitivity to distance is highest because of the higher H&L requirements 

compared to Alternative 2 sensitivity which has the lowest H&L requirements. 

The results of the sensitivity analyses of Class A dewatered cake H&L costs and NPV are shown in 
Figure 3-19. 
 

 
Figure 3-19. Effect of Hauling Distance 

 

3.4.8.7 Effect of Hauling Distance on Cake versus Slurry 

The sensitivity of slurry and cake hauling distance was analyzed to determine the distance where the 
hauling costs would be equivalent. Notable conclusions include the following: 
• The breakpoint distance in which slurry and cake costs are equivalent on a per dry ton basis 

(approximately $200/DT) is estimated at 40 miles. 
• Hauling distances below about 40 miles favors slurry hauling. 
• Hauling distances above about 40 miles favors cake hauling. 

The results of the sensitivity analyses for slurry and cake hauling distances is shown in Figure 3-20. 
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Figure 3-20. Effect of Hauling Distance on Slurry Versus Cake 

 

3.4.9 Non Cost Considerations 
Non-cost considerations for the four short-listed alternatives were investigated and documented below in 
the following paragraphs. Overall weighted scoring of the non-cost considerations demonstrated that 
Alternative 1 is highest ranked followed by Alternative 2, Alternative 3 and the Base Case. Refer to 
Appendix D (titled: short-listed alts evaluation summary spreadsheet date 6/26/11). 

Implementation 

The following four Implementation non-cost considerations are described briefly below: 
• Flexibility – can improvements be staged over time? 
• Compatibility with alternative delivery options – design build, design-build-operate, etc. 
• Compatibility with third party operation – contract operations; only considered viable for solar drying 

applications. 
• Compatibility with third party finance organizations – limited applicability to all but the solar drying 

alternatives. 

Alternative 3 scored consistently the highest, followed by Alternative 2, Base Case and Alternative 1. 

Biosolids Program Reliability 

The following three Biosolids program reliability non-cost considerations are described briefly below: 
• Biosolids product characteristics – those characteristics of slurry, cake or dried solids that are most 

easily deployed. 
• Potential to diversify outlets – which characteristic could have the widest market audience. 
• Vulnerability to changes in current outlet for biosolids – represents risk non diversified outlets. 

Alternative 2 scored consistently the highest, followed by Alternative 1, Alternative 3 and Base Case. 
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Permitting 

The following three permitting non-cost considerations are described briefly below. 
• Impact on air permit – existing felicities would have no impact; only the solar drying alternatives will 

have impacts to air permit requirements. 
• Impact on Aquifer Protection Permit (APP) – minimal impact to existing facilities; greatest impact is 

anticipated with utilizing the adjacent landfill site for solar drier installation. 
• Reporting to ADEQ– demonstrating Class A biosolids or Class A solar dried product will be required. 

The Base Case scored consistently the highest, followed by Alternatives 1/2 and Alternative 3. 

Impact to Ina Road WRF 

The following five Ina Road WRF non-cost considerations are described briefly below: 
• Space required – solar drying alternatives have large land requirements. 
• Compatibility with ROMP site planning –adjacent landfill site for solar drier installation is outside 

ROMP project boundaries. 
• Impact on existing truck traffic– concern over additional load on existing plant access. 
• Changes to operations – concern over which alternative would be the most disruptive in the short and 

long term. 
• Impact on biogas alternatives – which alternative would provide higher biogas production potential. 

The Base Case scored consistently the highest, followed by Alternatives 1, Alternative 3 and 
Alternative 2. 

Environmental 

The following two permitting non-cost considerations are described briefly below: 
• Greenhouse gas emissions – lowest power requirements coupled with reduced discharges of 

methane, carbon dioxide and combustion products rated the highest. 
• Impact on use of other resources –operations (labor, reclaimed water). 

Alternative 2 scored consistently the highest, with the remaining alternatives and the Base Case scoring 
lower but equally. 

Social 

The following two social non-cost considerations are described briefly below: 
• Potential for improving local economic activity – options with the greatest potential for 

diversification/public use rated the highest. 
• Tangible demonstration of leadership in environmental stewardship – options with the greatest 

potential for diversification/public use coupled with reduced rated the highest. 

Alternative 2 scored consistently the highest, followed by Alternative 3, Alternative 1 and the Base Case. 

3.5 Summary of Biosolids Utilization Alternatives Evaluation 
A broad range of alternatives also known as the world of options was developed and screened using 
fatal flaw analysis to develop a manageable set of viable options. These options were further reduced 
using a qualitative screening approach to reach a set of four short-listed options. The short-listed options 
included the current Class B Biosolids treatment process as the Base Case and three alternative options 
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including Class A Biosolids treatment utilizing thermophilic digestion (Alternative 1), Alternative 1 
coupled with solar drying (Alternative 2) and the Base Case coupled with solar drying (Alternative 3). 

The four short-listed options were further subject to a variety of detailed cost analysis to assess their 
capital costs, O&M costs and NPV. Results of the cost analysis as shown previously in Table 3-10 
indicted the Base Case had the lowest capital cost (essentially zero), the highest present worth O&M 
cost, and the lowest NPV. Alternative 1 had the second lowest capital cost, lowest present worth O&M 
cost and second lowest NPV. Alternative 2 had the highest capital cost, the lowest present worth O&M 
cost (tied with Alternative 1) and the highest NPV. Alternative three had the second highest capital cost, 
the highest present worth O&M cost and the second highest NPV. 

Sensitivity analysis of a variety of factors including haul cost, slurry – cake/dried product split, hauling 
distance and power and labor units costs was performed to understand their impact on NPV. Variations 
in NPV was shown to be the most sensitive to changes in hauling and application costs, and to changes 
in cake and dried product hauling and application costs. The least sensitivity to variations in NPV was 
shown for changes in the slurry-cake split and power and labor costs. 

A comparison of the slurry and cake hauling costs versus haul distance indicated the break even haul 
distance. 

The results of these detailed alternatives evolution, as well as the biosolids market evaluation, are 
crafted into recommendations for biosolids program management, and are presented in Section 6. 
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Section 4 

Biogas Market Assessment and Technology 
Screening 
In developing a comprehensive biogas management and utilization strategy for Pima County Regional 
Wastewater Reclamation Department (PCRWRD), the following goals and objectives were considered: 
• Beneficially utilize biogas. 
• No flaring; beneficially utilize 100 percent of biogas produced. 
• Accommodate increased biogas production from Water Reclamation Campus solids without flaring. 
• Facilitate air permit modification; avoid major modification. 
• Cost-effective, sensitive to rate payers. 
• Coordinated with Ina Road Wastewater Reclamation Facility (WRF) Energy Master Plan. 

Biogas marketability differs from biosolids marketability in that biogas has one primary use – conversion 
to usable energy. That energy conversion can take several forms – thermal, electric, fuel for vehicles, or 
sale of the gas itself as a commodity. There are several factors that contribute to the marketability of 
biogas, including: 
• Proximity of the point of use (or transfer of custody). 
• The timing of the gas use (i.e. use in a boiler, which may be intermittent) relative to the production of 

the gas from the digester (which is constant, but varies somewhat in flow). 
• Quality of the biogas (biogas can be “upgraded” to be the near equivalent to natural gas in quality, 

but at a cost). 

In addition, the technology(ies) that enable biogas utilization are a significant factor in assessing the 
viability of biogas for a particular market. These factors and others have been taken into account in the 
assessment of the marketability of biogas produced at the Ina Road WRF. 

4.1 Biogas Characterization and Production 
The anaerobic digestion process at Ina Road WRF will produce a biogas consisting predominantly of 
methane by volume, but will also contain carbon dioxide, water and other minor constituents. Methane is 
also the largest hydrocarbon constituent in natural gas and this represents a significant resource 
potential. The biogas can be upgraded and utilized in a number of ways. Utilizing the biogas for 
cogeneration would provide a portion of plant heat and electricity needs. Upgrading the biogas to 
pipeline-grade biomethane for direct sale to the natural gas grid or vehicle fuel are other potential 
utilization alternatives. 

4.1.1 Typical Anaerobic Digester Gas Composition 
The chemical composition of digester gas from the anaerobic digestion of sewage sludge consists of 
methane, carbon dioxide, nitrogen, water, hydrogen sulfide, ammonia and small contents of volatile 
organic compounds. Siloxane based organic compounds – called siloxanes – are also present. The 
composition can vary over a modest range depending on the content of incoming sludge and the 
operation of the digestion system. Table 4-1 shows the typical range of composition for anaerobic 
digester gas. 
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Table 4-1. Anaerobic Digester Gas Composition Range 

Parameter Units Range 

CH4 Vol %, dry 55 - 66 

CO2 Vol %, dry 34 - 45 

Nitrogen Vol %, dry 0.2 - 2 

Water (1 Vol % 5.5 - 6.5 

Hydrogen sulphide ppm 50 - 5,000 

Siloxanes mg/Nm3 4 - 140 

Lower heating value (2) Btu / scf 470 - 565 

Higher heating value (2) Btu / scf 525 - 630 

(1) Based on mesophilic digestion temperatures (95 °F – 100 °F) at 14.5 psia digester pressure. 
(2) Data based on CH4 heating values from Turns 2000 

 

To utilize biogas, a number of the constituents must be removed. The level to which the unwanted 
constituents must be removed depends on the end use of the biogas. The unwanted constituents of 
biogas can include hydrogen sulfide (and other sulfur-containing compounds), water, siloxanes, Volatile 
Organic Compounds (VOCs), ammonia, carbon dioxide, nitrogen, oxygen, hydrocarbons, and particulate. 
A general description of biogas impurities follows. It should be noted that all of these impurities can be 
removed to acceptable levels with proven technologies; however, the concentrations of these impurities 
in the raw gas stream impacts the cost of gas treatment. 

Hydrogen Sulfide. Hydrogen sulfide (H2S) can exist in quantities up to 5,000 parts per million (ppm) in 
biogas. In aerobic environments, H2S can react with water to form sulfuric acid, which is corrosive to 
steel and other materials. It also can impact the effectiveness of downstream gas treatment, and 
numerous restrictions exist on its content for end-use. 

Water. Biogas leaving a digester is saturated with water and typically at a temperature higher than 
ambient. As the biogas cools after leaving the digester, water condenses out on the walls of the pipe and 
also into a mist. Condensed water can cause problems with corrosion of equipment and impact the 
effectiveness of downstream gas treatment. Numerous restrictions on the amount of water content in 
the end-use biogas exist, depending on the end use of the gas. 

Siloxanes. Siloxanes are a relatively new issue in biogas utilization, but are nonetheless very important. 
Siloxanes are being used in increasing amounts in cosmetic and other personal care products and can 
exist in quantities up to 140 milligram(s) per normal cubic meter (mg/Nm3) in biogas. When siloxanes 
are combusted, for example in engines or turbines, they form silicon dioxide, which is deposited in the 
combustion chamber or on downstream cool surfaces. Notably, deposits form in the cylinders and on the 
piston heads of internal combustion (IC) engines and on recuperators of turbines and microturbines. The 
deposits can lead to failure, degraded performance and very high maintenance costs in oil change and 
overhaul of the engines or cleaning of heat recovery units. Catalysts are also very susceptible to silicon 
dioxide deposits and damage. 

Volatile Organic Compounds. VOCs cover a large range of organic compounds that can be present in 
biogas in quantities up to 200 ppm. Typically the concentrations are much lower than this. Some VOCs 
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that are present in biogas contain chlorine and fluorine. These compounds can cause corrosion of 
engine components and catalysts and impact the downstream gas treatment. 

Carbon Dioxide. CO2 is the second-largest constituent of biogas, typically 30–40 percent by volume. 
While it can form carbonic acid in the presence of liquid water, CO2 is mainly removed from biogas to 
increase the volumetric energy content of the end-use biogas. Significant reductions in the content of 
CO2 are required for high-Btu fuels such as pipeline- or vehicle-grade compressed biomethane. 

Nitrogen. The presence of nitrogen in digester biogas is usually very low, typically <0.5 percent by 
volume. The removal of nitrogen is required only to increase the volumetric energy content for high-Btu 
biomethane. If a digester is run well, this is not normally required. 

Oxygen. The presence of oxygen in biogas is also usually very low, typically a few ppm by volume. It is 
present in measurable quantities only if there is some air ingress into the digester or biogas pipeline. For 
pipeline-quality biomethane, there are restrictions on the content of oxygen. Very little oxygen removal is 
done for digester biogas. 

Hydrocarbons. A very small presence of heavier hydrocarbons may exist in the biogas such as ethane, 
propane, hexane, and pentane. Some compression devices may also introduce oils into the biogas. 

Particulate. Particulate includes any solids that are carried over from the anaerobic digester or 
particulate introduced in the biogas treatment system (e.g., adsorbents). 

4.1.2 Energy Potential From Biogas 
The energy potential from digester gas at Ina Road WRF will depend on the type of anaerobic digestion 
process (mesophilic or thermophilic) and the rate of gas production from the volatile solids in the 
digester gas. Digester gas production rates typically range between 12 to 15 cubic feet of digester gas 
per pound of volatile solids reduced (VSR). Thermophilic digestion typically creates a higher rate of VSR, 
more digester gas and more energy. This analysis assumes that thermophilic digestion reduces 60 
percent of the volatile solids compared to mesophilic digestion at 55 percent. This results in a 9 percent 
higher energy production from the digester gas created by thermophilic digestion. Figure 4-1 shows the 
rate of energy potential from 2014 to 2030 for the following four conditions with a higher heating value 
of 600 Btu per standard cubic foot (Btu/scf): 
• Mesophilic digestion with 12 scf/lb VSR. 
• Mesophilic digestion with 15 scf/lb VSR. 
• Thermophilic digestion with an increase of digester gas energy of 9 percent based on mesophilic 

digestion at 12 scf/lb VSR. 
• Thermophilic digestion with an increase of digester gas energy of 9 percent based on mesophilic 

digestion at 15 scf/lb VSR. 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 4  
Biogas Market Assessment 
and Technology Screening 

 

 4-4 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

 
 

Figure 4-1. Biogas Energy Content at Higher 
Heating Value for Ina Road WRF 

 

4.1.3 Heating Requirements for Digestion and Space Heating 
The heating requirements for the Ina Road WRF include digestion process heat loads and space heating 
loads. The space heating loads assumed in the analysis are based on the building heating energy 
demand identified in Table 1-6 of the Ina Road WRF Energy Master Plan (2010, by CH2MHill). The 
digestion heat loads are estimated based on the sludge projections to the digester in Section 2 and a 
monthly approximate maintenance heat load for digester shell losses to the environment. The raw 
sludge fed to the digesters must be heated from the influent temperature to the temperature of 
digestion. Heat loads for thermophilic digestion which operates at about 135 deg F are much higher 
than for those at mesophilic temperatures of about 95 to 98 deg F. Figures 4-2 and 4-3 show the 
estimated monthly heat loads for the plant (both space heating and digestion) in 2014 and 2030 for 
both mesophilic and thermophilic digestion. 
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Figure 4-2. Estimated Heating Requirements for 

Mesophilic Digestion at Ina Road WRF 

 

 
Figure 4-3. Estimated Heating Requirements for 

Thermophilic Digestion at Ina Road WRF 
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4.1.4 Ina Road WRF Biogas Composition 
The biogas composition at Ina Road WRF has previously been sampled and analyzed. The biogas 
composition was sampled continuously by instruments at the plant between 2007 and 2009 for 
methane, nitrogen, carbon dioxide and hydrogen sulfide. The biogas at Ina Road WRF was also sampled 
by Black and Veatch via grab samples and analyzed at an independent lab for chemical composition 
including siloxanes. The average plant data for methane, nitrogen, carbon dioxide and hydrogen sulfide 
is shown in Table 4-2 along with siloxane as measured by the independent lab. 
 

Table 4-2. Anaerobic Digester Gas Composition Range 

Parameter Units Plant Data 1 

CH4 Vol %, dry 59.3 
CO2 Vol %, dry 40 
Nitrogen Vol %, dry 0.3 
Water 2 Vol % 5.6 
Hydrogen sulphide ppmv 2,840 
Siloxanes ppbv 1,650 to 5,060 
Lower heating value 3 Btu / scf 510 
Higher heating value 3 Btu / scf 565 
Note: Based on data provided in Black and Veatch report (Concept Design Report 
Ina Rd WRF-Digester Gas Equipment Replacement Project 
(1) Contract 10-03-B-141640-1008, April 2009). 
(2) Based on pressure of 14.5 psia and temperature of 95 deg F in the 

digesters. 
(3) Data based on methane heating values from Turns 2000 at standard 

conditions. 

 

4.1.5 Ina Road WRF Biogas Production Estimates 
Variations in digester gas production can be caused by a number of factors. These factors include, but 
are not limited to the following: 
• Feed consistency to the digesters (i.e. pounds per day at volatile solids; solids concentration in feed, 

in percent solids). 
• Sludge composition fed to the digesters (volatile solids, total solids, ratio of primary to secondary 

solids). 
• Digester mixing consistency. 
• Temperature variation in the digesters. 

Biogas production variability can impact the sizing of biogas utilization systems. An ideal biogas 
utilization system is able to utilize all of the gas at minimum and maximum production rates. While this is 
achievable on a system basis, individual gas utilization equipment will have limits on turn down 
capabilities. Therefore, multiple units are typically required to provide a system that can operate over the 
large range of gas flows required. 

The requirement to avoid flaring leads to a gas utilization system composed of a number of smaller 
units. Peak gas production can be 50 percent higher or more than the average gas production rate. 
Minimum digester gas flows can be 50 percent lower than the average gas production rate. For the sake 
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of this analysis it is assumed that the gas utilization system will need to meet the following 
requirements: 
• Minimum flow: 50 percent of average gas flow. 
• Maximum flow: 150 percent of average gas flow. 

In addition, the gas utilization system must be able to meet the average gas flow in 2030 with any one 
piece of equipment out of service. This would provide for a robust and flexible system that would avoid 
flaring of biogas, except under extreme emergency conditions. 

4.2 Existing Ina Road WRF Biogas Utilization 
Currently, PCRWRD beneficially utilizes biogas through the its use as fuel for IC engines that drive 
generators to produce electric power and production of thermal energy to meet both process and utility 
thermal needs at the Ina Road WRF. This system, called the Energy Recovery Facility (ERF) includes 7 
engine generators, each rated for approximately 400 kilowatt (KW) power output each. Each engine is 
equipped with heat recovery systems. 

The ERF was constructed as part of the original Ina Road WRF construction in the late 1970’s. 
Consequently, the equipment and building are nearly 35 years old. These original engines have served 
PCRWRD well over this time period. However, since these engines were installed, engine technology has 
advanced significantly to reduce air emissions and improve efficiency. In addition, since the ERF was 
designed and constructed, siloxanes have become more prevalent in wastewater, and wastewater 
derived biogas. Siloxane removal has not been installed at Ina Road WRF; gas conditioning plant was 
designed, but never constructed. Thus, engine maintenance has increased due to siloxane fouling. 
Consequently, due to age, increased maintenance costs, and a desire for newer, cleaner, more efficient 
equipment, PCRWRD has decided to abandon the existing ERF and consider a broad range of 
technologies and approaches for beneficial use of biogas. 

4.3 Biogas Market Assessment 
The market assessment for Ina Road WRF biogas consisted of first considering the site factors that 
influence biogas marketability, and then the potential uses of biogas that are consistent with these 
factors. 

4.3.1 Factors Influencing Marketability of Ina Road WRF Biogas 
The value of biogas in the energy marketplace is dependent on many factors, many of which are specific 
to the site and the agency seeking to market their biogas. For Ina Road WRF, the specific factors 
influencing biogas marketability include the following: 
• Desire to not flare any biogas, except under emergency or unplanned equipment maintenance 

events. This includes peak biogas production events. 
• Ability to accommodate the natural variation in biogas production without flaring. As discussed above, 

biogas production will vary over time; a beneficial use scenario must accommodate this variation 
without flaring peaks. 

• Need for Long-Term Commitment. PCRWRD will be operating Ina Road WRF and producing biogas for 
decades to come; ideally, biogas beneficial use options would be reliable over this same long-term 
horizon. 

• Proximity to off-site infrastructure to receive biogas or energy production. Potential users of biogas, or 
the electrical or thermal energy derived from biogas, should be in close proximity to the Ina Road 
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WRF, otherwise transmission costs and/or permitting requirements increase dramatically, reducing 
the cost-effectiveness of the alternative. 

• Quality of the Biogas. Some potential uses of biogas require quality virtually equivalent to utility 
provided natural gas (termed “pipeline quality”). Technologies exist to upgrade biogas to pipeline 
quality, and where pipeline quality is required, implementation of these technologies is required. 

• Air Emissions. Ina Road WRF will be amending its air quality permit to reflect the expanded and 
upgraded plant processes, including biogas utilization. It is important that PCRWRD avoid a major 
modification to its air permit. Therefore, biogas utilization options that minimize air emissions are 
attractive from an air permitting perspective. 

4.3.2 Market Assessment and Viable Biogas Utilization Options for PCRWRD 
Potential uses, or markets, for biogas include the following: 
• Use as a fuel to generate electric power. 
• Use as a fuel to generate steam. 
• Use as a fuel for vehicles. 
• Use as a fuel in some other process. 
• Sale as a commodity, i.e. the equivalent to natural gas. 

Typical users of biogas include the agency producing the gas, another public agency or utility, a third 
party with the capability and commercial interest in marketing the biogas a commodity, or a third party 
with a need for fuel. 

For this study, potential uses of biogas were considered together with potential technologies for biogas 
use in order to determine viable markets for biogas. A total of 17 biogas utilization options and 
technologies were considered. The uses considered included the following: 
• 2 on-site combustion uses: boilers, dryers. 
• 8 different versions of Combined Heat and Power (CHP) production (also termed cogeneration, or 

Cogen) or on-site power. 
• 2 offsite gas uses, with and without gas upgrading (with CO2 removal essential means producing the 

equivalent of “pipeline” quality natural gas). 
• 2 fleet vehicle uses for methane after gas upgrading. 
• 3 offsite chemical or fuel feedstock uses for methane after gas upgrading. 

These uses were reviewed in a fatal flaw analysis to narrow the candidate options. The fatal flaw analysis 
was conducted in a single elimination type manner. If a candidate option failed one of the criteria, it was 
eliminated. The criteria included the following: 
• Must use all of the digester gas without flaring (except in a true emergency such as unexpected 

equipment malfunction). 
• Must accommodate a wide range of gas flows, both daily and through 2030.  
• Must be implementable in a relative short period of time in order to minimize biogas flaring once the 

ERF is decommissioned. 
• Must be a proven technology at a biogas production scale similar to that anticipated for Ina Road 

WRF. 
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A summary of the 17 candidate options and technologies, and the fatal flaws analysis is shown in 
Table 4-3. 
 

Table 4-3. Fatal Flaw Summary 1 with Single Elimination Criteria 

 Option No Gas Flaring Wide Range of 
Flows Meet Schedule Proven 

Technology Remarks 

1 Burn in Boilers - - - - Base Case 

2 Sludge Dryer - - - - 
Considered as a 

biosolids 
alternative 

3 
Cogen Stirling Cycle 

Engine Cogen  
No No Yes No Eliminated 

4 Fuel Cell Cogen No No Yes ? Eliminated 

5 Gas Turbine Cogen No No Yes Yes Eliminated 

6 
Steam Boiler + Steam 

Turbine Cogen 
No No Yes Yes Eliminated 

7 
IC Engine Driven Air 

Blowers 
No No No Yes Eliminated 

8 IC Engine Cogen  Yes Yes Yes Yes Viable Option  

9 
Organic Rankine Cycle 

Cogen 
No No Yes No Eliminated 

10 
Microturbines for 

Cogen 
Yes Yes Yes Yes Viable Option 

11 
Sell Unscrubbed Gas 

Off-Site 
No Yes Yes Yes Eliminated 

12 Remove CO2 Yes Yes Yes Yes Viable Option 

13 
Remove CO2 – Vehicle 

Fuel 
- - Yes Yes 

Viable option, 
could be part of 
above Option 12 

14 
Remove CO2 – Make 

LNG 
No a a No Eliminated 

15 
Remove CO2 – Make 

Methanol 
No a a No Eliminated 

16 
Remove CO2 – Make 

Hydrogen 
No a a No Eliminated 

17 
Remove CO2 – Make 

Biodiesel 
No a a No Eliminated 

(a) New technology, under development, cannot assess ability to accommodate range in flows and 
schedule to implement. 
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Electricity Commodity Market 

The combined heat and power (CHP) or on-site power production alternatives were considered for on-site 
electricity use instead of for power sales agreements to the electrical utility. Digester gas cogeneration 
systems can typically generate 40 to 60 percent of a wastewater treatment plant’s electricity needs, and 
do not produce excess power without substrate augmentation (e.g. fats, oils and greases). The electricity 
produced by the cogeneration system can offset the imported power from the utility or can be sold 
directly to the utility if there is a rate advantage in favor of the treatment plant for renewable energy. It 
was assumed that the Renewable Energy Credits (RECs) that would be generated by the cogeneration 
system could be redeemed through an agreement with the local utility (if available) while offsetting 
electricity used directly at the plant. The cogeneration technology alternatives were eliminated or kept 
based on the merits of the technology and the quantity of digester gas that will be available. 

The option of using biogas to fuel engine driven blowers to off-set the demand for electricity was 
eliminated because the aeration demand would likely not match the biogas production, resulting in 
frequent flaring of gas. 

Fuel Commodity Markets 

A number of alternatives were considered to separate the CO2 and other constituents in the digester gas 
and convert the product biomethane to an alternative fuel. The ability to sell the biomethane directly to 
the gas utility was considered a fairly high probability since this is done at other wastewater treatment 
plants and at many landfills. The market for biomethane sales to utilities to meet renewable energy 
portfolios has been demonstrated in California. Biomethane used to meet renewable energy portfolios 
typically generate a higher sale price. The market for biomethane as a means of meeting a renewable 
energy portfolio requirement is termed a “premium market” for purposes of this study. 

The alternative to use the biomethane gas for vehicle fuel has also been demonstrated at landfills 
around the country. However, the target market for biomethane as vehicle fuel would likely be limited to 
the vehicle fleets in the greater Tucson area, such as PCRWRD vehicles, City of Tucson vehicles, or a 
commercial enterprise that operates a large fleet. The expectation would be that fleet vehicles would be 
converted to run on biomethane (likely through the replacement of vehicles, as they are retired due to 
age or mileage) to avoid gasoline or diesel fuel costs, and that biomethane would not compete directly 
with compressed natural gas as a vehicle fuel. 

While there are significant markets for liquid natural gas, hydrogen, methanol, and biodiesel fuel made 
from biomethane, these alternatives were eliminated since the economics were uncertain and they were 
considered risky. There are not enough demonstration projects of these types to develop a reliable 
economic model without significant uncertainty. 

Direct sale of un-scrubbed raw digester gas or the sale of steam to an offsite user was also considered, 
but eliminated for reliability reasons. These alternatives are practiced at a handful of wastewater 
treatment around the country known to Brown and Caldwell. While they offer the advantage of low 
capital and operating costs for digester gas utilization, the alternatives were eliminated since it is not 
realistic to assume the end user would use all of the digester gas all of the time to eliminate flaring. Also, 
no potential user in close proximity to the Ina Road WRF was identified, and transporting raw gas or 
steam significant distances is expensive and may be technically impractical. 

On-site Combustion 

On-site combustion was considered for boilers, sludge dryers and aeration air blowers. The alternative to 
use digester gas in boilers for plant heating is the baseline assumption for the project. Sludge dryers are 
also an effective use of digester gas but only if this alternative fits the biosolids master plan. (See 
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Sections 3 and 6 for biosolids alternatives evaluation and recommendations respectively; thermal dryers 
are viable, but solar dryers are judged to be more cost effective.) 

The results of this market assessment yields the following alternatives as viable biogas utilization 
options for PCRWRD (option numbers refer to Table 4-3 above; “a” and “b” are added to options 12 and 
13 to differentiate between meeting thermal needs with boilers versus heat pumps): 
• Option 8: CHP generation using biogas as a fuel; heat recovered from the engine-generators would be 

used to meet Ina Road WRF’s thermal energy demand. 
• Option 12a: Upgrade biogas to pipeline quality for sale as a commodity equivalent to natural gas; a 

portion of the biogas would be used in gas fired boilers to meet the Ina Road WRF’s thermal energy 
demand. 

• Option 12b: Upgrade 100 percent of biogas to pipeline quality for sale as a commodity equivalent to 
natural gas; Ina Road WRF’s thermal energy needs would be met using a non-biogas source of heat. 
For this evaluation electrically powered heat pumps, with plant effluent as the source of heat, were 
considered as a source of thermal energy in lieu of burning biogas. 

• Option 13a: Upgrade biogas to pipeline quality for sale as a commodity equivalent to natural gas, and 
to use a portion as vehicle fuel (i.e. to take the place of diesel fuel or gasoline as vehicle fuel); a 
portion of the biogas would be used in gas fired boilers to meet the Ina Road WRF’s thermal energy 
demand. 

• Option 13b: Upgrade one hundred percent of biogas to pipeline quality for sale as a commodity 
equivalent to natural gas, and to use a portion as vehicle fuel (i.e. to take the place of diesel fuel or 
gasoline as vehicle fuel); Ina Road WRF’s thermal energy needs would be met using a non-biogas 
source of heat. For this evaluation electrically powered heat pumps, with plant effluent as the source 
of heat, were considered as a source of thermal energy in lieu of burning biogas. 

In the section that follows, each of these alternatives are evaluated on the basis of life cycle costs (or net 
present values) as well as non-cost factors. As will be noted below, these biogas alternatives are linked 
to biosolids options, specifically the potential conversion to Class A digestion using thermophilic 
digestion. This potential conversion impacts biogas utilization alternatives as follows: 
• Increased volatile solids destruction will increase biogas production. 
• Digester operation at higher temperatures increases the demand for thermal energy at Ina Road 

WRF. 

Each biogas utilization alternative above is impacted differently by a conversion to thermophilic 
digestion. These impacts are also considered in the section below. 

4.4 Biogas Utilization Alternatives Preliminary Evaluation 
4.4.1 CHP Using Digester Gas in New Internal Combustion Engines (Option 8) 
This alternative includes the installation of new IC engine-generators for cogeneration of electricity and 
usable heat for the plant in the form of hot water or steam. Internal combustion engine-generators are a 
proven technology for biogas combustion. This alternative would require the hydrogen sulfide, water and 
siloxanes be removed from the biogas to reduce maintenance costs and improve equipment longevity, 
and the gas to be boosted in pressure for final use. This gas conditioning would be accomplished by a 
digester gas treatment system. For the sake of the investigation, the siloxane system is considered 
separate from the digester gas treatment system since it is integral to some of the other gas utilization 
alternatives. The cogeneration system is assumed to provide all of the heating needs of the plant except 
for rare peak heating events where back-up boilers would utilize treated digester gas for heating. 
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Figure 4-4. Schematic of CHP (Option 8) 

 

The cogeneration system would consist of lean-burn internal combustion engine-generators that could 
be located in the existing ERF, or in a new facility. The engine technology of today utilizes engines that 
run at higher speed and are significantly smaller than the existing slower speed engines. Their footprint 
is much smaller than the existing low-speed engine-generators. Newer engines also have much lower 
exhaust emissions than older models. 

4.4.2 Gas Upgrading to Pipeline Quality; Boilers Provide Thermal Needs (Option 12a) 
This alternative uses treated digester gas in the new boilers to provide heat for process and space 
heating with the remainder of the digester gas being sent through a gas upgrading system and then sold 
through the natural gas utility pipeline. The digester gas upgrading systems compress the digester gas to 
about 100 to 130 pounds per square inch per gallon (psig) and remove the carbon dioxide, water, 
siloxanes and any remaining hydrogen sulfide from the treated digester gas. A final stage of compression 
to reach pipeline pressures follows the gas upgrading system. The product biomethane will be monitored 
for quality with a gas analyzer and will be odorized. The pipeline quality gas is commonly referred to as 
“biomethane.” A schematic of this alternative is shown in Figure 4-5 with the baseline processes units 
shown as shaded. 
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Figure 4-5. Schematic of Gas Upgrading 

and Boilers for Thermal Needs (Option 12a) 
 

The digester gas upgrading systems and final compressors could be located to the south of the new 
digesters. The digester gas upgrading systems and compressors are expected to take up an area 
between 80’ x 100’ and 100’ x 150’ depending on the technology selected. Two technologies were 
investigated for the digester gas upgrading system: a water solvent system from Flotech-Greenlane and 
a pressure swing adsorption system from Guild Associates. These systems are discussed in the final 
section and have different ancillary equipment requirements. The connection to the utility pipeline will be 
made at Ina Road through a new buried carbon steel biomethane pipeline. Southwest Gas Corporation 
operates a pipeline in Ina Road immediately adjacent to the Ina Road WRF; El Paso Natural gas also 
operates a pipeline 1 – 2 miles from the Ina Road WRF. For this analysis, it is assumed the biomethane 
connection would be to the closer Southwest Gas Corporation pipeline. 

4.4.3 Gas Upgrading to Pipeline Quality Gas; Heat Pumps for Thermal Needs (Option 12b) 
This alternative includes the same gas utilization process accept that the boilers are only used under 
backup and peak heat conditions. Effluent source heat pumps use treated effluent to provide hot water 
at 160 deg F for the process and space heating needs for either mesophilic or thermophilic operation. 
The heat pumps are sized to provide maximum month heat demand. During peak day heating, partial 
firing of the boilers would be required, but this is expected to be infrequent. Figure 4-6 shows the 
process schematic for this alternative with the baseline processes and equipment shown as shaded. 
Mechanical vapor compression chillers would provide the cooling load in the summer months. 
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Figure 4-6. Schematic of Gas Upgrading 
and Heat Pumps for Thermal Needs (Option 12b) 

 

The effluent source heat pumps can easily fit into the existing Energy Recovery Building along with the 
ancillary hot water pumps, effluent autostrainers and chillers, or could be housed in a new facility. The 
heat pumps would be mounted on concrete pads and will require effluent circulation pumps and hot 
water circulation pumps. The existing ERF building already has treated effluent and hot water piped to it 
(although the capacities of these pipes have not been verified). It is assumed that the existing engine-
generators would be removed from the building. 

4.4.4 Gas Upgrading for Pipeline Quality Gas; 25 Percent For Fleet Vehicles; Boilers for 
Thermal Needs (Option 13a) 

This is similar to a previous alternative except that part of the biomethane is compressed to compressed 
natural gas (CNG) pressures and used as vehicle fuel. A compressed biomethane fueling station consists 
of a high pressure compressor, dryer, dispensing equipment, storage and controls. The fueling station 
would be a fast-fill type dispensing station with a 285 standard cubic feet per minute capacity or the 
equivalent diesel heating value fill time of about 2 gallons per minute. The dispensing station would look 
similar to that at a conventional gas or diesel station with an interface panel and connection hose. The 
amount of gas used as vehicle fuel is assumed to be 25 percent of the available biomethane from 
mesophilic digestions or about 300,000 diesel gallon equivalent in 2014. This is enough fuel for about 
55 vehicles operating 250 days a year at 25 gallons per day. The percentage of gas used as vehicle fuel 
is preliminary for this analysis and would be refined as the project moves forward. A schematic of the 
process is shown in Figure 4-7 with the baseline processes and equipment shown as shaded. A picture 
of a fast fueling dispensing station is shown in Figure 4-8. 

 

Digester 
Gas

Process 
Heating

Digesters

Hot Water
Biomethane 
to Natural 
Gas Grid

Digester Gas 
Upgrading System and 

Compression

Bio-
methane

Sludge

WWTP Campus Buildings

Boilers
(Backup)

Option 12b

 

Digester
Gas

Treatment

 

 

 

 

Heat Pumps
Treated 
Effluent

Effluent 
Return

Digester Gas Treatment:
- Particulate Filter
- Moisture Removal
- H2S Removal



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 4  
Biogas Market Assessment 
and Technology Screening 

 

 4-15 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

 

 
Figure 4-7. Schematic of Gas Upgrading with 25 Percent Allocated 

to Vehicle Fuel, Boilers for Thermal Needs (Option 13a) 

 

 
Figure 4-8. Fast-fill fueling Dispensing Station from Greenfield 
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For purposes of this evaluation, the compressed biomethane fueling station could be co-located at the 
existing PCRWRD fueling station located at the Ina Road WRF. By co-locating the fueling station, the 
operations cost of the compressed biomethane system could be kept relatively low. Compression, drying 
and storage equipment associated with the fueling station would also be located at the fueling station. 

4.4.5 Gas Upgrading for Pipeline Quality Gas; 25 Percent for Fleet Vehicles; Heat Pumps 
for Thermal Needs (Option 13b) 

This alternative is similar to a previous alternative, but would also have some of the biomethane 
compressed and used for vehicle fuel. In this alternative, effluent source heat pumps function as the 
primary heat source for the plant. A fast-fill type fueling station would be installed and the same amount 
of biomethane would be utilized as vehicle fuel as in the previous vehicle fueling alternative. 
 

 
Figure 4-9. Schematic of Gas Upgrading with 25 Percent Allocated to 

Vehicle Fuel, Heat Pumps for Thermal Needs (Option 13b) 
 

A site plan showing a proposed location of the gas upgrading facilities, gas pipe through the Ina Road 
WRF site, and a proposed vehicle fueling station is shown in Figure 4-10. 

 

Digester 
Gas

Process 
Heating

Digesters

Hot Water

Biomethane 
to Natural 
Gas Grid

Digester Gas 
Upgrading System and 

Compression

Bio-
methane

Sludge

WWTP Campus Buildings

Boilers
(Backup)

Option 13b

 

Digester
Gas

Treatment

 

 

 

 

Heat Pumps
Treated 
Effluent

Effluent 
Return

Biomethane Fueling Station

~290,000 gal/yr 
in 2014

Digester Gas Treatment:
- Particulate Filter
- Moisture Removal
- H2S Removal



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 4  
Biogas Market Assessment 
and Technology Screening 

 

 4-17 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

 
Figure 4-10. Site Plan: Alternatives 12b and 13b 

 

4.4.6 Capital Cost Estimates 
Each of the alternatives described above are evaluated on the basis of estimated net present value, 
which include estimated capital costs and estimated annual costs as well as economic return. Capital 
costs estimates for the key components of each alternative are presented in the paragraphs below. 

The capital costs are based on biogas utilization systems described above with the following 
characteristics: 
• The systems can meet heating needs associated with average digester flows for mesophilic digestion. 
• Heating loads can be met with one unit out of service. 
• The systems can accommodate maximum day gas production of about 150 percent of the average 

daily flow from mesophilic digestion with all units in service. 
• The systems can operate at minimum daily gas flow of about 50 percent of the average daily flow 

from mesophilic digestion. 
• The expected increase in gas flows for thermophilic digestion over mesophilic digestion is assumed to 

be about 9 percent. Therefore, the capital costs for the systems were not changed for the 
thermophilic digestion option to accommodate higher gas flows except for the heat pump costs. 
Except for the heat pumps, the sizing of the equipment would not be significantly different for 
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thermophilic operation compared to mesophilic operation. Heat pumps would be significantly larger 
due to the higher heat demand for thermophilic digestion. 

The equipment required for the alternatives is described in Table 4-4. Some of the equipment listed may 
not be associated with all of the options. 
 

Table 4-4. Ina Road WRF Digester Gas Evaluation Process Data Table 

Process Element Unit 
Startup 
(2014) 

Future 
2030 
Plant 

Cogeneration Units 
   

Number - 4 5 

Capacity, each kW 1,100 1,100 

Digester Gas Upgrading  
   

Number a - 3 4 

Capacity scfd 650,000 650,000 

Product Percent methane, by 
volume 

% 98 98 

Biomethane Final Compression 
   

Number a - 3 4 

Capacity scfd 430,000 430,000 

Discharge Pressure b psig 350 350 

Heat Pumps 
   Number , mesophilic 

(thermophilic) c - 3 (4) 4 (6) 

Capacity, each MM Btu/hr 2.3 2.3 

Discharge Temperature F 160 160 

Compressed Natural Gas Fueling Station 
   

Number - 1 1 

Capacity scfd 400,000 400,000 

(a) Assumes that the system meets average gas production 
with one unit offline 

(b) Discharge pressure verified with Southwest Gas 
Corporation to be 350 psig.  

(c) Heat pumps sized to meet peak month heat demand. 

 

Capital costs are developed in the following subsections. These costs are based on budgetary quotes 
from the vendors, previous project cost estimates and engineering judgment. These estimates do not 
include capital costs for parts of the system that are common to all of the alternatives including the parts 
of the Central Plant (gas treatment system and the boiler system). 

4.4.6.1 Cogeneration Capital Costs 

The cogeneration capital costs are based on a recent project of very similar size completed in Santa 
Rosa, California that received multiple construction bids. The recent project included costs for the 
following: four 1,100 kW engine-generators with full heat recovery, demolition of existing fuel mixing 
equipment, new building, electrical switchgear and connections, gas treatment, and connection to the 
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existing hot water loop. The project cost per capacity installed was about $2,400 / kW. The cogeneration 
system capacity for Ina Road WRF in 2014 would also be designed for about 4,400 kW. A fifth 
cogeneration unit would be added prior to 2030 adding 25 percent more capacity at an estimated 
additional 14 percent of the total project cost. The capital cost for cogeneration used in this analysis is 
shown in Table 4-5. 
 

Table 4-5 Estimated Capital Costs for Cogenerations 

Cogeneration System Cost Cost 

Total Construction Cost a $10,560,000  
(a) Based on a recent project in Santa Rosa, CA. 

 

4.4.6.2 Gas Upgrading and Final Compression Costs 

The gas upgrading system capital costs are summarized in Table 4-6 and are based on a water solvent 
type gas upgrading system called Greenlane from Flotech. The costs represent equipment required for 
2014 digester gas flows (either mesophilic or thermophilic). Additional equipment would be required 
prior to 2030 for 33 percent more capacity and the equipment is assumed to be an additional 18 
percent of the initial total project cost shown in Table 4-6. 
 

Table 4-6. Estimated Capital Costs for Digester Gas Upgrading Equipment in 2014 

Equipment Costs Water Solvent  
(Flotech – Greenlane), $ 

Equipment Costs   

Packaged gas upgrading systems cost (3 x 650,000 scfd) a $3,900,000 

Product gas compressors cost (to 350 psig) b $510,000 

Gas analyzer and odorizer $100,000 

H2S removal c -- 

Additional valves and instruments for pipeline connection $100,000 

Instrument air compressor $10,000 

Total equipment $4,620,000 

Equipment Installation Costs (no electrical) $160,000 

Earthwork, Concrete, Cover and Piping Costs (including 12% contractor mark-up, ) $270,000 

Electrical and I&C Cost (20% of equipment subtotal, 18% of earthwork, etc) $970,000 

Total Installed Cost $6,020,000 

Contractor general conditions (10% of Subtotal) $600,000 

Start-up testing, bonds, insurance (7% of Subtotal) $470,000 

Sales tax (6% of Subtotal) $430,000 

Contingency (20% of Subtotal) $1,500,000 

Total Construction Cost $9,020,000 

(a) Budgetary quote for three 650,000 scfd Greenlane systems from Flotech. 
(b)  Budgetary quote for three 360,000 to 580,000 compressor packages. 
(c) Common cost for all gas use alternatives and not included here. 
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4.4.6.3 Compressed Biomethane Fueling Station 

The estimated capital costs for a biomethane fast-fill type fueling station are shown in Table 4-7. The 
costs for CNG vehicle upgrades or new CNG vehicles are not included. It is assumed that CNG ready 
vehicles would already exist (existing liquid fuel vehicles would be gradually replaced with CNG ready 
vehicles as part of normal vehicle replacement due to age and/or mileage), or would be provided new by 
a contract hauler. A slow-fill type fueling station to fill multiple vehicles simultaneously overnight could be 
added at additional cost. 
 

Table 4-7. Estimated Capital Costs for Compressed Biomethane Fueling Station 

Compression, Fueling, and Storage Cost 

Equipment Costs a 
 

Compressor packaged with acoustical enclosure (to 3600 psig) $210,000  

Inlet gas dryer $50,000  

Controls $10,000  

Fast-fill station equipment for fuel dispensing (400,000 scfd) $170,000  

Total equipment cost for fast-fill station $440,000  

Equipment Installation Costs (no electrical) $4,000  

Earthwork, Concrete, Cover and Piping Costs (including 12% contractor mark-up) $110,000  

Electrical and I&C Cost (20% of equipment subtotal, 18% of earthwork, etc) $110,000  

Total Installed Cost $660,000  

Contractor general conditions (10% of Subtotal) $70,000  

Start-up testing, bonds, insurance (7% of Subtotal) $50,000  

Sales tax (6% of Subtotal) $50,000  

Contingency (20% of Subtotal) $170,000  

Total Construction cost $1,000,000  
(a) Budgetary quote from Greenfield Compression for a 400,000 scfd system. 

 

4.4.6.4 Heat Pump Capital Costs 

The estimated capital costs for the heat pumps for mesophilic operation are identified in Table 4-8. 
Additional equipment would be required prior to 2030 and is assumed to add an additional 20 percent 
to the project costs. 
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Table 4-8. Estimated Capital Costs for Heat Pump Installation 

Heat Pumps and Ancillary Equipment Cost 

Equipment Costs   

Heat Pumps (2.3 MM Btu/hr at 160 °F) a $285,000  

Effluent Pumps and Hot Water Pumps $30,000  

Autostrainers $100,000  

Total Heat Pump Equipment Costs $415,000  

Equipment Installation Costs (no electrical) $40,000  

Demolition, Concrete, and Piping Costs (including 12% contractor mark-up) b $410,000  

Electrical and I&C Cost (20% of equipment subtotal, 18% of earthwork, etc) $160,000  

Total Installed Cost $1,025,000  

Contractor general conditions (10% of Subtotal) $100,000  

Start-up testing, bonds, insurance (7% of Subtotal) $80,000  

Sales tax (6% of Subtotal) $70,000  

Contingency (20% of Subtotal) $260,000  

Total Construction Cost $1,535,000  
(a) Budgetary quote from McQuay for three 2.3 MMBtu/hr units. 
(b) Assumes that effluent piping to existing building is adequately sized. 

 

4.4.7 Estimated Operations and Maintenance Costs 
Operations and Maintenance (O&M) cost estimates are an important component of the net present 
value evaluation. Key components of operations and maintenance costs are summarized below for each 
alternative. 

4.4.7.1 Cogeneration O&M 

The cogeneration O&M costs are based on industry experience for IC engines. The gas treatment O&M 
includes costs for removal media replacement, gas compression and water removal. These O&M costs 
are shown in Table 4-9. Costs for hydrogen sulfide removal are not included since this is common to all 
options. 
 

Table 4-9. Cogeneration O&M Costs 

Cost Element Value 

Engine-generator O&M, $/kWh a $0.016 

Gas Treatment O&M, $/kWh b $0.0075 
(a) Based on industry experience for IC engines. 
(b) Includes estimated cost for siloxane removal, gas compression and water removal. 

 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 4  
Biogas Market Assessment 
and Technology Screening 

 

 4-22 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

4.4.7.2 Gas Upgrading O&M Costs 

The O&M costs for gas upgrading were developed largely based on vendor input. The O&M costs include 
replacing compressor oil, filter replacement, makeup water, instrument air, monitoring, and power to run 
the systems. The systems run largely unattended and generally require daily walkthroughs only. Most gas 
upgrading system manufacturers offer remote monitoring for troubleshooting and maintenance service 
agreements which are included in the estimates. Table 4-10 summarizes the O&M costs for gas 
upgrading and compression. 
 

Table 4-10. Estimated O&M Costs for Greenlane 
Gas Upgrading Systems and Final Compressors 

O&M Costs Water Scrubbing, 
Greenlane 

H2S media replacement, $/1,000 scf a - 

Maintenance (parts, labor, and monitoring), $/1,000 scf b 0.15 

General utilities, $/1,000 scf c 0.05 

Power, kW/scf 7.0 

Availability, % d 99% 

Methane Capture, % 98.5% 

Operators $/yr e $51,675 

Final Compression Power, kW/1000 scf f 2.9 

Final Compression Maintenance, $/1,000 scf g 0.02 

(a) No hydrogen sulfide removal media was assumed for the application since it 
is common to all digester gas use options. 

(b) Maintenance cost for Greenlane system provided by manufacturer include the 
service plan and remote monitoring costs converted to a volumetric flow 
basis. 

(c) Assumes water costs $1/100 gallons. 
(d) Assumes 99% availability since there will be a standby unit. 
(e) Assumes 3/4 full-time employee at $68,900/year. 
(f) Assumes compression to 300 psig. 
(g) Assumes annual maintenance of 2% of capital cost a full flow. 
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4.4.7.3 Biomethane Compression, Drying, and Fueling Stations O&M 

The compression and fueling system would also have O&M costs, which are summarized in Table 4-11. 
The maintenance costs include occasional rebuilds of the compressors and replacement of other parts. 
These costs are estimated based on the conservative vendor estimate. 
 

Table 4-11. Compression Fueling and Storage O&M Costs 

Cost Element Value 

Compression/fueling maintenance, $/scf a $0.0023  

Power, kW-hr/1000 scf 7.1 

Operators $/yr b $17,225 
(a) Based on information from Greenfield compression. 
(b) Assumes 1/4 full-time employee at $68,900/year. 
 

4.4.7.4 Heat Pump O&M 

The heat pump operations and maintenance costs are based on experience by a Brown and Caldwell 
client that has operated them for 25 years. These O&M costs are shown in Table 4-12. Operating costs 
for mechanical vapor compression chillers is not included since it assumed to be included for all 
alternatives. 
 

Table 4-12. Heat Pump O&M Costs  

Cost Element Value 

Maintenance Costs, $/MM Btu of Output a $0.33 

Average Coefficient of Performance (COP), kW/kW b 3.8 
(a) Based on information from King County, WA (South Treatment Plant) including autostrainers. 
(b) Based on vendor information for 160 °F discharge water temperature. 
 

4.4.8 Results of Net Present Value (NPV) Analysis 
The alternatives were compared using a NPV analysis to show the relative benefit to the Ina Road WRF 
over the 17 year period of operation. The analysis is a relative comparison since capital cost and 
operating costs of some equipment common to the alternatives is not included. The NPV analysis 
includes the following major assumptions: 
• A time frame of 2014-2030. 
• A discount rate of 3.25 percent. 
• A high gas production rate of 15 cubic feet per pound of volatile solids reduced and a low gas 

production rate of 12 cubic feet per pound of volatile solids reduced. 
• Thermophilic energy production is 9 percent higher than for mesophilic energy production. 
• A high and a low biomethane sale price to the utility or end user of $4.5 / MM Btu and $7 / MM Btu. 
• A composite electricity rate of $0.059 / kWh (estimated without demand charges). 
• Biomethane used for vehicle fuel is assumed to offset diesel at a cost of $3.90 / gallon (based on 

average diesel costs in Tucson on 6/12/11). 
• Hydrogen sulfide removal costs are not included. 
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Further assumptions are described in notes included with Table 4-13 below. 

The NPVs results are shown in Table 4-13 for the different gas production rate assumptions and 
biomethane sale rate assumptions. Conclusions that can be drawn from the analysis are described 
below: 
• Alternative 13a provides the best NPV of all alternatives with either mesophilic or thermophilic 

digestion except in the case of high biomethane sale price with thermophilic digestion where it is a 
close second. The savings from avoided diesel fuel purchases plays a major role in providing a 
positive and far superior NPV for Alternative 13a. 

• Alternative 13b is the best economic alternative with thermophilic digestion and high biomethane 
sale price. 

• For the low biomethane sale price assumptions, the cogeneration option, Alternative 9 presents the 
best alternative if vehicle fuel is not pursued. 

• For the high biomethane sale price, Alternative 12a and 12b are the best economic alternatives for 
mesophilic and thermophilic digestion respectively if vehicle fuel is not pursued. These alternatives 
have very similar NPVs for the high biomethane sale price. 
 

Table 4-13. Economic Evaluation of Digester Gas Utilization 
Alternatives for 2014-2030 (see Note) 

Alternative Comparison 

Capital Cost 
17-year NPV, Low 
Biomethane Price 

17-year NPV, High 
Biomethane Price 

17-year NPV, Low Gas 
Production and Low 
Biomethane Price  

2011$ c, l  2011$ a, d, e, f, h  2011$ a, d, e, h, m  2011$ b, d, e, f, h, k  

Mesophilic Gas Production 

Alternative 8 - IC engine 
cogeneration with all digester gas 
(boiler back-up heating) p  -$12,140,000 $1,300,000 $1,300,000 -$1,270,000 

Alternative 12a - Use digester gas 
in boilers for heat, upgrade and 
sell remaining gas as NG  n, q  -$10,820,000 -$1,970,000 $4,580,000 -$4,070,000 

Alternative 12b - Upgrade all 
digester gas, sell as NG, heat 
pump heating (boiler back-up 
heating) q -$12,670,000 -$3,540,000 $4,420,000 -$5,640,000 

Alternative 13a - Use digester gas 
in boilers for heat, Upgrade and 
use 1/4 for vehicle fuel, sell rest 
as NG  n, g, i, q  -$11,820,000 $8,590,000 $13,510,000 $3,650,000 

Alternative 13b - Upgrade all 
digester gas, use same amount for 
vehicle fuel as 13a, sell rest as NG, 
heat pump heating (boiler back-up 
heating) g,i, q  -$13,670,000 $7,020,000 $13,340,000 $2,080,000 
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Table 4-13. Economic Evaluation of Digester Gas Utilization 
Alternatives for 2014-2030 (see Note) 

Alternative Comparison 

Capital Cost 
17-year NPV, Low 
Biomethane Price 

17-year NPV, High 
Biomethane Price 

17-year NPV, Low Gas 
Production and Low 
Biomethane Price  

2011$ c, l  2011$ a, d, e, f, h  2011$ a, d, e, h, m  2011$ b, d, e, f, h, k  

Thermophilic Gas Production j 

Alternative 8 - IC engine 
cogeneration with all digester gas 
(boiler back-up heating) p -$12,140,000 $2,300,000 $2,300,000 -$470,000 

Alternative 12a - Use digester gas 
in boilers for heat, upgrade and 
sell remaining gas as NG  o, q  -$10,820,000 -$3,510,000 $2,200,000 -$5,800,000 

Alternative 12b - Upgrade all 
digester gas, sell as NG, heat 
pump heating (boiler back-up 
heating) q -$13,220,000 -$5,380,000 $3,310,000 -$7,670,000 

Alternative 13a - Use digester gas 
in boilers for heat, upgrade and 
use 1/4 for vehicle fuel, sell rest 
as NG o, g, i, q  -$11,820,000 $7,050,000 $11,120,000 $1,910,000 

Alternative 13b - Upgrade all 
digester gas, use same amount for 
vehicle fuel as 13a, sell rest as NG, 
heat pump heating (boiler back-up 
heating) g, i, q -$14,220,000 $5,190,000 $12,230,000 $50,000 

Note: Negative values represent net costs; positive values represent net savings. 
(a) Digester gas production at 15 standard cubic feet per pound of volatile solids reduced. 

(b) Digester gas production at 12 standard cubic feet per pound of volatile solids reduced. 

(c) Gas upgrading systems for pipeline quality gas are assumed to be the Greenlane water solvent systems. 

(d) Net present value assumes a discount rate of 3.25% 

(e) Based on electricity at $0.059/kWh. 

(f) Based on pipeline quality biomethane at 990 Btu/standard cubic foot higher heating value (minimum 98% methane) and net sale price of 
$0.45/therm (i.e. net after service fees for gas transport).  

(g) Based on diesel prices of $3.90 per gallon and 138,000 Btu/gallon lower heating value. 

(h) Assumes no value assigned to recover carbon dioxide. 

(i) Assumes no economic vehicle fuel rebates or grants. 

(j) Based on an additional 11% volatile solids reduction and digester gas production for thermophilic digestion. 

(k)  Not used. 

(l) Note that present value of capital costs assume an additional engine-generator or gas upgrading system with ancillary equipment is  to be 
added in 2024 at 20% capital. 

(m) Assumes a high sale price of $.70/therm which is about 150% of the assumed low price. 

(n) About 20% of digester gas used in boiler to meet average heating needs for mesophilic operation. 

(o) About 40% of digester gas used in boiler to meet average heating needs for thermophilic operation. 

(p) Assumes biogas lower heating value of 560 Btu/scf, an electrical efficiency of 42% and that on average all heat is supplied by engines. 

(q) Assumes a methane recovery rate of 98.5% which is typical to Greenlane water solvent system and 60% methane in inlet gas. 
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4.4.9 Sensitivity Analysis 
Sensitivity analyses were conducted to determine if the results of the NPV analysis are affected 
significantly by the assumptions used. These include biogas production sensitivity, biomethane sale 
price, electricity sale price, electricity cost, displaced vehicle fuel cost, vehicle fuel allotment and capital 
cost. The major baseline assumptions include those described in the NPV analysis Paragraph 4.4.8 and 
the following: 
• A high digester gas production rate, 15 scf/lb VSR. 
• A high biomethane sale rate, $7/MM Btu. 

4.4.9.1 Biogas Production Sensitivity 

This sensitivity of the NPV analysis was assessed for biogas production rates from 12 scf/lbm-VSR to 
15 scf/lbm-VSR. Notable conclusions include the following. 
• The results show that each of the NPVs for the alternatives is affected in very similar ways. As gas 

production rates go up, the NPVs also improve. 
• The slopes of the NPV lines are slightly different, but the relative rankings of the NPVs for each of the 

options do not change significantly. 
• The results of the NPV analysis are not sensitive to biomethane production rates. 

The results of the sensitivity analyses of biogas production for mesophilic and thermophilic digestion 
rates are shown in Figures 4-11 and 4-12. 
 

 
Figure 4-11. Effect of Digester Gas Production on 

NPV Analysis for Mesophilic Digestion 
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Figure 4-12. Effect of Digester Gas Production on 

NPV Analysis for Thermophilic Digestion 

 

4.4.9.2 Biomethane Sale Price Sensitivity 

The biomethane sale price has a dramatic affect on the NPVs for the biomethane alternatives. The 
biomethane sale price was varied from $3.0 / MM Btu to $10.0 / MM Btu (or $0.30 per therm to $1.00 
per therm) for this sensitivity analysis. Notable conclusions include the following. 
• At the lowest biomethane sale price, the cogeneration alternative has a much better NPV than the 

biomethane production alternatives with no vehicle fuel production. 
• The NPVs for the biomethane alternatives with vehicle fuel production are still better than the 

cogeneration alternative NPV even at the lowest biomethane sale prices except for Alternative 13b 
with thermophilic digestion which is very close to the cogeneration NPV. 

• At the highest biomethane sale price, the biomethane alternative NPVs are far better than that for the 
cogeneration alternative. 

• At the highest biomethane sale price, the alternatives to produce vehicle fuel still result in a better 
NPV than those alternatives without vehicle fuel production. 

• The difference in NPVs for the biomethane production alternatives with thermophilic digestion are 
much more pronounced than with mesophilic digestion. The NPVs for the biomethane production 
alternatives with heat pumps for heating (12b and 13b) are much better than those with boiler 
heating (12a and 13a) at high biomethane sale prices and much worse at low biomethane sale 
prices. 

The results of the sensitivity analysis for mesophilic and thermophilic digestion are shown in 
Figures 4-13 and 4-14. 

-$2 

$0 

$2 

$4 

$6 

$8 

$10 

$12 

$14 

$16 

12 13 14 15 

17
-Y

ea
r N

PV
, m

ill
io

n 

Digester Gas Production, scf/lbm VSR 

Effect of Digester Gas Production THERMO 

Alt 8 - IC Engine-
generators (Thermo) 

Alt 12a - Boilers and 
Pipeline Biomethane 
(Thermo) 

Alt 12b - Heat Pumps 
and Pipeline 
Biomethane 
(Thermo) 

Alt 13a - Boilers, 
Pipeline Biomethane 
and Vehicle Fuel 
(Thermo) 

Alt 13b - Heat Pumps, 
Pipeline Biomethane 
and Vehicle Fuel 
(Thermo) 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 4  
Biogas Market Assessment 
and Technology Screening 

 

 4-28 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

 
Figure 4-13. Effect of Biomethane Sale Price on 

NPV Analysis for Mesophilic Digestion 

 

 
Figure 4-14. Effect of Biomethane Sale Price on 

NPV Analysis for Thermophilic Digestion 
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4.4.9.3 Electricity Sale Price Sensitivity 

The electricity sale price for cogeneration (i.e. value of electricity from cogeneration) has a significant 
effect on the NPV for the cogeneration alternative. The sensitivity analyses looked at electricity sale 
prices from $0.040 / kWh to $0.10 / kWh. The notable conclusions are as follows: 
• The cogeneration alternative NPV is better than the biomethane production alternatives without 

vehicle fuel production (12a and 12b) at an electricity sale price of about $0.068 / kWh for 
mesophilic digestion and a sale rate of about $0.060 / kWH for thermophilic digestion and worse 
below these sale price. 

• The cogeneration alternative NPV is better than the biomethane production alternatives with vehicle 
fuel production (13a and 13b) at an electricity sale price of about $0.093 / kWh for mesophilic 
digestion and a sale price of about $0.082 / kWH for thermophilic digestion and worse below these 
sale rate. 

The sensitivities to electricity sale rates are shown in Figures 4-15 and 4-16 for mesophilic and 
thermophilic digestion. 
 

 
Figure 4-15. Effect of Electricity Sale Price on 

NPV Analysis for Mesophilic Digestion 
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Figure 4-16. Effect of Electricity Sale Price on 

NPV Analysis for Thermophilic Digestion 
 

4.4.9.4 Electricity Cost Sensitivity 

The NPVs for the biomethane production options are sensitive to the cost of electricity since the 
separation and compression systems (and heat pumps) use a significant amount of electricity to 
operate. The sensitivity analyses assessed the NPVs with electricity costs from $0.059/kWh to $0.109 / 
kWh. The major conclusions are as follows. 
• The NPVs for the biomethane production alternatives decrease as electricity costs increase. 
• The alternatives to use heat pumps for heating with biomethane production (12b and 13b) have 

significantly worse NPVs compared to the alternatives to use biogas in the boilers (12a and 13a) as 
the electricity costs increase. 

• At about $0.095/kWh and above, the alternative to use heat pump heating without vehicle fuel 
production has a worse NPV than the cogeneration alternative. Otherwise, the biomethane production 
alternatives have better NPVs than the cogeneration alternative. 

The results are shown in Figures 4-17 and 4-18 for mesophilic and thermophilic digestion. 
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Figure 4-17. Effect of Electricity Cost on 
NPV Analysis for Mesophilic Digestion 

 

 
Figure 4-18. Effect of Electricity Cost on 
NPV Analysis for Thermophilic Digestion 
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4.4.9.5 Displaced Vehicle Fuel Cost Sensitivity 

The NPVs for the biomethane production alternatives with vehicle fuel are quite sensitive to the cost of 
the vehicle fuel that is offset with compressed biomethane. The sensitivity analyses looked at displaced 
vehicle fuel costs from $2.50/gallon to $5.00/gallon. The significant conclusions are as follows: 
• The NPVs for the biomethane production alternatives with vehicle fuel (13a and 13b) increase as 

displaced vehicle fuel costs increase. 
• The NPVs for the biomethane production alternatives with vehicle fuel (13a and 13b) are better than 

the other alternatives for the entire range of vehicle fuel costs analyzed. 

The sensitivity of displaced vehicle fuel costs are shown in Figures 4-19 and 4-20 for mesophilic and 
thermophilic digestion. 
 

 
Figure 4-19. Effect of Displaced Vehicle Fuel Cost on 

NPV Analysis for Mesophilic Digestion 
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Figure 4-20. Effect of Displaced Vehicle Fuel Cost on 

NPV Analysis for Thermophilic Digestion 
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• The biomethane production alternatives with vehicle fuel (13a and 13b) provide the best NPVs over 

the entire range of vehicle fuel allotment investigated. 

The sensitivity of vehicle fuel allotments are shown in Figures 4-21 and 4-22 mesophilic and 
thermophilic digestion. 
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Figure 4-21. Effect of Vehicle Fuel Allotment on 

NPV Analysis for Mesophilic Digestion 

 

 
Figure 4-22. Effect of Vehicle Fuel Allotment on 

NPV Analysis for Thermophilic Digestion 
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4.4.9.7 Capital Cost Sensitivity 

The final assumption that was reviewed for sensitivity was capital cost. The sensitivity to capital cost was 
investigated from a cost adder of -10 percent to 20 percent for the mesophilic digestion option. The 
major conclusions include the following. 
• All of the NPVs were affected in a similar manner; as capital costs increase, the NPV for these options 

decrease. 
• The alternative ranking of the NPV analysis remain the same with nearly no change in the overall 

ranking of the alternatives. The NPVs for the moderately more expensive heat pump alternatives 
(12b and 13b) are impacted slightly more. 

In addition to the capital cost sensitivity analysis described above, a cost adder for cogeneration was 
included up to 80 percent to capture the estimated cost from the Ina Road WRF Energy Master Plan 
(2010, by CH2MHill). Figures 4-23 and 4-24 show the sensitivity to capital cost for mesophilic digestion 
only. 
 

 
Figure 4-23. Effect of Capital Cost on NPV 

Analysis for Mesophilic Digestion 
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Figure 4-24. Effect of Capital Cost on Cogeneration 
NPV Analysis for Mesophilic Digestion 

 

4.4.9.8 Greenhouse Gas Impacts 

PCRWRD is committed to maintaining a high level of environmental stewardship. An analysis of 
greenhouse gas impacts was conducted for the five alternatives. This analysis included the greenhouse 
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biogas utilization alternative. A brief description follows: 
• Where biomethane is produced and sent to the pipeline, this offsets natural gas that would otherwise 

be combusted. 
• Where electricity is produced by cogeneration, this offsets the emissions equal to those emitted from 

electricity production in Arizona that would otherwise be produced. 
• Where biomethane is produced and used as vehicle fuel (i.e. diesel), this offsets diesel fuel that 

would otherwise be combusted. 

Figure 4-25 shows the results of the analysis. The cogeneration alternative would provide the largest 
greenhouse gas reduction by about 30 to 40 percent. Arizona has a fairly high greenhouse gas 
emissions rate associated with electricity production making renewable electricity valuable for reducing 
greenhouse gas emissions. 
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1. Based on 2009 electricity emission for Arizona from EIA, source: 

http://www.eia.doe.gov/cneaf/electricity/st_profiles/e_profiles_sum.html 
2. Based on natural gas emissions rates from Chicago Climate Exchange Document: World Resources Institute GHG Calculation 

Tools for Stationary Emission Sources available at: 
http://www.ghgprotocol.org/templates/GHG5/layout.asp?type=p&MenuId=OTAx prior to October 2006, Note: Emissions based 
on high heating values where applicable 

3. Based on diesel fuel emissions rates from Chicago Climate Exchange Document: World Resources Institute GHG Calculation Tools 
for Stationary Emission Sources available at: http://www.ghgprotocol.org/templates/GHG5/layout.asp?type=p&MenuId=OTAx 
prior to October 2006, Note: Emissions based on lower heating values where applicable 

4. Includes greenhouse gas for energy inputs or offsets only including electricity, natural gas and diesel fuel. 
5. Analysis completed for mesophilic digestion alternative and high biogas production. 

Figure 4-25. Greenhouse Gas Impacts 
 

4.4.9.9 Evaluation of Short-listed Biogas Alternatives 

A scoring system was developed at Workshop 4 with PCRWRD staff to rank the alternatives. The ranking 
matrix was broken into features and sub-features. The features were assigned a weighting factor of 1 to 
6 based on the importance of the feature to PCRWRD and PCRWRD staff. The weighting factors were 
then divided equally among the sub-features. The features and weighting factors are shown in Table 4-1, 
Appendix D. 

The scoring matrix was then filled out with scores of 1 to 10 assigned to each of the biogas utilization 
alternatives for each sub-feature. A brief description of the rational for the scores was noted in the 
evaluation during the meeting. The resulting scores were then multiplied by the sub-feature weighting 
factor and summed to a final score. The individual sub-feature scores and final scores are shown in 
Table 4-1, Appendix D. 
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The weighted scores indicated that Alternative 13a, the alternative to separate CO2 and use some of the 
biomethane as vehicle fuel was the highest ranked alternative. The other vehicle fuel alternative which 
used heat pumps for heating, Alternative 13b, ranked the second highest. The lowest ranking alternative 
was Alternative 8, cogeneration. The final scoring of the alternatives is shown in Table 4-14. 
 

Table 4-14. Alternatives Score 

Alternative Score 

Alternative 8 126  

Alternative 12a 143  

Alternative 12b 138 

Alternative 13a 158 

Alternative 13b 150 

 

4.5 Results of Biogas Utilization Alternatives Evaluation 
The results of the biogas utilization alternatives evaluation showed that the alternative to produce 
biomethane from the biogas and utilize some of the product gas as vehicle fuel and for plant heating 
may provide the most overall benefit to PCRWRD. The numerous advantages outweigh the fewer 
disadvantages. The advantages this alternative would include the following: 
• High annual economic return in the form of savings through vehicle fuel offsetting. 
• High present net worth over the 17 year NPV. 
• Good ability to meet implementation schedule since air permitting is expected to be less difficult than 

for cogeneration. 
• Good compatibility with alternative delivery, third party operation, and third party finance including 

examples of similar installations that are financed, owned and operated by a third party. 
• Good flexibility to accommodate variations in gas flow without flaring.  
• Low non-CO2 emissions since there is little or no combustion to generate NOx and CO. 
• Low impacts on the use of other resources since engine oil is not required. 
• High visibility demonstrating leadership in environmental stewardship with compressed biomethane 

PCRWRD vehicles. 
• Potential to recover CO2 in the future to further enhance the environmental benefits and possibly 

generate an additional revenue source for PCRWRD.  

While this alternative does have disadvantages, they do not appear to be large differentiators. The 
disadvantages to this alternative include the following: 
• A moderately higher capital cost than the alternative without a vehicle fueling station, but not as high 

as that for cogeneration. 
• A potential need for third party implementation i.e. coordination with Southwest Gas and an end 

buyer of the biomethane not used for vehicle fuel or plant heat. 
• Compared to cogeneration, operation will be significantly different than the existing energy recovery 

facility. 
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• Lower compatibility with biosolids alternative since the thermophilic digestion alternative would 
produce higher seasonal biomethane variability due to heating requirements. 

• Higher emissions of greenhouse gases compared to the cogeneration alternative since offsetting 
natural gas use does not offset as much CO2 as offsetting electricity in Arizona. 

4.6 Results of Biogas Utilization Alternatives Evaluation – Short-list 
and Refinement of Alternatives 

4.6.1 Summary of Conclusions from Preliminary Evaluation 
The results of the alternatives evaluation described above focused attention on the key elements of 
biogas utilization which have the most influence on selection of a recommended plan. As a result, the 
alternatives were further refined into three short-listed alternatives for more focused evaluation. 

4.6.2 Short-listed Biogas Utilization Alternatives 
Three alternatives were short-listed for refinement to better describe the system attributes, advantages 
and disadvantages. These alternatives included Options 8, 12a and 13a. The options to use heat pumps 
did not offer a significant economic advantage over the identical options using biogas fired boilers. A 
brief summary of the alternatives is provided for the three alternatives along with descriptions of the 
refinements made to the alternative. The Central Plant boilers are included in each of the alternative as 
a primary or back-up source of heating. 

4.6.2.1 Alternative A - Cogeneration with IC Engine-Generator (similar to Option 8 above) 

In this alternative, the digester gas produced at the Ina Road WRF would be combusted in IC engine-
generators to produce electricity and recoverable heat. The electricity would be used to off-set power 
purchase from TEP and thus reduce the electricity costs at the plant. The heat from the engine-
generators would be recovered to heat digester process demands and space heat demands as identified 
in Paragraph 4.1.3. 

The cogeneration system would include the engine-generators and a digester gas conditioning system. 
Four engine-generators would be installed in 2014 with three duty units and one standby unit. An 
additional engine-generator would be installed in 2024 to meet increased gas production providing for 
four duty units and one standby unit. The gas conditioning system would include moisture removal, 
particulate removal, H2S removal, and siloxane removal. The gas conditioning system would condition 
gas sent to the engine-generators and to the boilers. The schematic in Figure 4-26 shows the digester 
gas conditioning and cogeneration process components and the recovered heat flow. 
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Figure 4-26. Alternative C – Cogeneration with IC Engine-generators 
 

The cogeneration system would produce a significant amount of electricity and would be capable of 
meeting the total annual heating requirements for mesophilic and thermophilic operation. Average 
annual electricity production from the engine-generators would be about 25 million kWh/yr in 2014 and 
37 million kWh/yr in 2030. The thermal demands of the plant are expected to be 33,200 MM Btu/yr in 
2014 and 40,400 MM Btu/yr in 2030 for mesophilic digestion. Thermophilic operation increases plant 
heat demands to 66,700 MM Btu/yr in 2014 and to 90,700 MM Btu/yr in 2030. The cogeneration 
system would be able to meet the seasonal variation in mesophilic heat demand, but supplemental 
heating with boilers may be required for thermophilic digestion in the winter months. The projected 
production of electricity and recoverable heat for the cogeneration alternative are shown in Table 4-15. 
When the recoverable heat exceeds the plant heat demand, the heat would be wasted through air-
cooled radiators. 
 

Table 4-15. Operating Capacity of Cogeneration a  

Year 

Continuous 
Electric Power. 

kW 

Annual 
Electricity, 

kWh/yr 

Recoverable 
Heat, 

MM Btu/hr 

Annual 
Recoverable 

Heat, 
MM Btu/yr 

2014 2,890  25,070,000 10.1 89,000 

2030 4,280  37,150,000 15.1 132,000 
(a) Assumes mesophilic digestion with 15 scf/lb VS destroyed, 42%electrical efficiency and 42% thermal 

energy recovery efficiency. 
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While RECs may be available from TEP to assist in project funding, the ability to secure them is 
uncertain. In telephone discussions, TEP stated that RECs from biogas CHP electricity were relatively 
inexpensive compared to other energy sources (e.g. solar) and this would improve the chances of the 
cogeneration project getting the RECs in the competitive bid environment. However, the size of the 
project would make it one of the largest in the TEP system and would represent nearly the entire yearly 
budget allotted for new RECs. These attributes may make award of the RECs less likely. TEP expressed a 
willingness to work with PCRWRD to see if there are ways to improve the likelihood of funding the 
project, but could make no guarantees. Since award of RECs cannot be guaranteed, the potential value 
of the funding is not considered in the analysis. 

The cogeneration alternative would produce the most on-site emissions of any alternative and is 
expected to lead to the lengthiest permitting process. The air permitting process for this alternative is 
expected to require the most documentation because of the high on-site emissions. However, major 
modifications to the existing air permit are not anticipated since the new cogeneration units will be have 
far fewer emissions per unit electricity production compared to the existing engine-generators. 

The cogeneration cost estimate in the previous analysis included the cost of a gas treatment system for 
a typical level of hydrogen sulfide in the digester gas and of typical redundancy. Sampling of the digester 
gas at the Ina Road WRF shows a relatively high level of hydrogen sulfide. An additional project cost of 
$500,000 was estimated for added hydrogen sulfide removal capacity and also to provide the same 
level of redundancy as the rest of the cogeneration system. As previously identified, additional 
equipment would be required prior to 2030 to add 25 percent more capacity and is assumed to add an 
additional 14 percent to the project costs. 
 

Table 4-16. Estimated Capital Costs for Cogenerations 

Cogeneration System Cost Cost 

Total construction cost a $11,080,000 
(a) Based on a recent project in Santa Rosa, CA, augmented for additional 

redundancy in gas treatment and expanded hydrogen sulfide removal capacity. 

 

It is noted that PCRWRD staff expressed reluctance to replace their current energy recovery facility with 
another cogeneration system. Reasons expressed included concern over continued high maintenance, 
even with improved gas treatment and newer engine technology. More significantly is the concern over 
compromising PCRWRD’s tariff rate with TEP for purchased power. On-site generated power may be 
configured to minimize impact on the attractive tariff rate; however, the details would likely be subject to 
negotiations with TEP which is beyond the scope of this study. 

4.6.2.2 Alternative B - Gas Upgrading and Sale to Premium Markets (similar to Option 12a, above) 

This alternative includes gas upgrading for sale of the product gas to a "premium" market. A premium 
market is one that values biomethane higher than the price of pipeline natural gas. This premium is 
created by demand from energy companies largely driven by state requirements to fill renewable energy 
portfolios, or from businesses that elect to purchase environmentally friendly energy sources. 

The digester gas upgrading system would include moisture removal, particulate removal, H2S removal, 
siloxane removal, and CO2 removal to pipeline quality. Based on experience at other gas upgrading 
facilities, it is anticipated that the quality of the biomethane will be satisfactory for injection into the 
natural gas transmission pipeline, however, continuous monitoring of biomethane quality will be required 
and the biomethane will need to be odorized per transmission company standards. It is not anticipated 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 4  
Biogas Market Assessment 
and Technology Screening 

 

 4-42 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

that the biomethane will need to be supplemented with propane or another fuel in order to boost the 
BTU value to meet transmission company standards. 

As previously described, the preliminary design includes redundancy in the gas upgrading and 
compression systems. Three gas upgrading and compression systems are required for 2014 which 
provides two duty systems plus one standby system. An additional system will be installed in 2024 to 
provided three duty systems plus one standby system. Figure 4-27 shows a schematic of Alternative B. 
 

 
Figure 4-27. Alternative B – Gas Upgrading and Sale to Premium Markets 

 

The source of heat to meet the thermal demands of the Ina Road WRF would be a new Central Plant 
using biomethane from the gas upgrading system. The thermal demands of the plant are estimated to 
be 33,200 MM Btu/yr in 2014 and 40,400 MM Btu/yr in 2030 which represent 18.3 percent and 
14.4 percent of the pipeline quality biomethane in those years respectively. Thermophilic operation plant 
heat demands would be higher: estimated to be 66,700 MM Btu/yr in 2014 and 90,700 MM Btu/yr in 
2030 or 36.7 percent and 32.2 percent of the pipeline quality biomethane in those years respectively. 
Product biomethane diverted to Central Plant will cause fluctuations in quantities of gas sold which may 
degrade marketability of the gas on the open market. One operational alternative would be to use 
natural gas purchased from Southwest Gas in the boilers for some or all of the heat demand to keep 
biomethane production more constant and available for a premium market. 

The projected production of biomethane in 2014 would be 181,500 MM Btu/yr after gas upgrading 
using a water solvent type gas upgrading system and after Central Plant demands are met. This 
production rate increases to 280,400 MM Btu/yr in 2030 as shown in Table 4-17. 
 

 

Digester 
Gas

Process 
Heating

Digesters

Hot Water
Biomethane 
to Natural 
Gas Grid

Digester Gas 
Upgrading System and 

Compression

Bio-
methane

Sludge

Ina Rd. WRF Buildings

To
Boilers

Opt o  a

H2S 
Removal

65% - 97%
Ave 82%

3% - 35%
Ave 18%

Notes: 
1. Gas use percentages do not include minor 
methane loss in gas separation system.
2. Some separation technologies may require 
compression and moisture removal upstream. 
3. Mesophilic digestion, 15 scf/lb VSR
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Table 4-17. Operating Capacity of Gas Upgrading 

Year 

Central Plant 
Use, 

MM Btu/yr 

Product 
Biomethane, 
MM Btu/yr 

2014 33,200  181,500 

2030 40,400  280,400 

 

The sale price of biomethane to the premium market is not easily quantifiable for a number of reasons, 
but may be as high as $7 / MM Btu to $10 / MM Btu. The contract sale price for biomethane between 
entities is not generally made public because of market considerations. A firm sale price can only be 
determined once a contract is put in place. One of the most significant premium markets in the Country 
was in California where some contract sale prices have been between $10/MM Btu to $20/MM Btu. 
However, the classification of biomethane produced outside of California has recently been changed by 
California Energy Commission (CEC). The CEC determines whether a renewable energy counts towards 
the RPS. Recently, the CEC instituted a moratorium on biomethane from outside the state qualifying as a 
“bucket 1” renewable energy (i.e. highest value renewable fuel). This moratorium has likely driven down 
the demand for out of state biomethane. Based on this information, the premium sale price is assumed 
to be lower than the price that may have been achievable previously, or what may be achievable in the 
future if/when the moratorium is lifted (there is no time frame for the CEC to reconcile the terms of the 
moratorium). Therefore, for purposes of the life-cycle cost evaluation described in this section, premium 
sale price is assumed to be $7.5/MM Btu. 

The potential impact on the air permit renewal or modification is expected to be minimal. The gas 
upgrading alternative results in a dramatic reduction in point source emissions of regulated criteria 
pollutants. Emissions would either include those from a low emission thermal oxidizer burning a small 
fraction of the methane from the separation system waste stream or a minute quantity of methane 
emitted with the separated carbon dioxide. This option is expected to require the least documentation in 
permit modification. 

The cost of equipment to remove hydrogen sulfide was not included into the capital cost in previous 
analyses because this system was assumed to be common to all alternatives. The resulting capital cost 
increased from about $9 million to $10 million in 2014. As previously identified, additional equipment 
would be required prior to 2030 and is assumed to add an additional 18 percent to the project costs. 
 

Table 4-18. Estimated Capital Costs for Digester Gas Upgrading Equipment in 2014 

Equipment Costs Water Solvent  
(Flotech – Greenlane), $ 

Equipment Costs   

Packaged gas upgrading systems cost (3 x 650,000 scfd) a $3,900,000 

Product gas compressors cost (to 350 psig) b $510,000 

Gas analyzer and odorizer $100,000 

H2S removal c $550,000 
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Table 4-18. Estimated Capital Costs for Digester Gas Upgrading Equipment in 2014 

Equipment Costs Water Solvent  
(Flotech – Greenlane), $ 

Additional valves and instruments for pipeline connection $100,000 

Instrument air compressor $10,000 

Total Equipment $5,170,000 

Equipment Installation Costs (no electrical) $160,000 

Earthwork, Concrete, Cover and Piping Costs (including 12% contractor mark-up, ) $270,000 

Electrical and I&C Cost (20% of equipment subtotal, 18% of earthwork, etc) $1,080,000 

Total Installed Cost $6,680,000 

Contractor general conditions (10% of Subtotal) $670,000 

Start-up testing, bonds, insurance (7% of Subtotal) $520,000 

Sales tax (6% of Subtotal) $470,000 

Contingency (20% of Subtotal) $1,670,000 

Total Project Cost $10,010,000 
(a) Budgetary quote for three 650,000 scfd Greenlane systems from Flotech 
(b) Budgetary quote for three 360,000 to 580,000 compressor packages 
(c) Budgetary for two dual 11 foot diameter iron sponge removal systems from Marcab 

 

4.6.2.3 Alternative C - Gas Upgrading with Partial Implementation of Vehicle Fuel (similar to Option 
13a above) 

Alternative C has a similar gas upgrading system to that of Alternative B, but the biomethane produced 
would either be used by PCRWD vehicles converted to run on CNG or sold to Southwest Gas at wholesale 
natural gas market rates (significantly lower than premium market rates). This alternative includes a 
fast-fill type CNG fueling station installed at the existing PCRWD fueling station near the Ina Road WRF. 

The gas upgrading system would be the same as that described for Alternative B in Paragraph 4.5.2.2 
except for the mentioned fast-fill type CNG fueling station. Redundancy of the fast-fill type fueling station 
was not included since a CNG fueling station already exists in Tucson and could provide back-up to the 
one at the PCRWRD location. Figure 4-28 shows a schematic of Alternative C. 
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Figure 4-28. Alternative C – Gas Upgrading with Partial Implementation of Vehicle Fuel 

 

As part of the analysis, the PCRWD vehicle inventory was investigated to determine the potential amount 
of compressed biomethane that could be used in the PCRWD fleet if the vehicles were converted to run 
on CNG. The analysis included an investigation of the mileage and type of PCRWRD vehicle inventory 
from July through October of 2011. The annual mileage of all of the vehicles was calculated and a fleet 
average fuel economy was estimated based on assumed fuel economy for each vehicle. The average 
mileage of the fleet was about 14.4 miles per gallon resulting in an annual gas and diesel fuel 
consumption of about 63,000 gallons/yr. This represents about 4.5 percent of the projected biomethane 
produced in 2014. The assumption of 4.5 percent of the biomethane produced being used as vehicle is 
carried forward with increased gas production. 

Similar to Alternative B, part of the biomethane produced by the gas upgrading system would be used by 
the Central Plant to meet plant thermal demands. The projected distribution of biomethane for Central 
Plant use, vehicle fuel use and for sale to the pipeline is shown in Table 4-19. 
 

Table 4-19. Operating Capacity of Gas Upgrading with 
Partial Vehicle Fuel Implementation 

Year 

Central Plant 
Use,  

MM Btu/yr 

Product 
Biomethane for 

Sale,  

MM Btu/yr 

Product Biomethane for 
Vehicle Fuel, 

 MM Btu/yr 

(diesel equivalent gallons) 

2014 33,200 171,700 
9,800 

(63,000) 

2030 40,400 265,200 
15,200 

(98,000) 

 

Digester 
Gas

Process 
Heating

Digesters

Hot Water

Biomethane 
to Natural 
Gas Grid

Digester Gas 
Upgrading System and 

Compression

Bio-
methane

Sludge

Ina Rd. WRF Buildings

To
Boilers

Opt o  3a

Biomethane Fueling Station

~63,000 gal/yr in 
2014

H2S 
Removal

3% - 35%
Ave 18%

60% - 93%
Ave 77.5%

To Vehicles
4% - 5%

Ave 4.5%

Notes: 
1. Gas use percentages do not include minor 
methane loss in gas separation system.
2. Some separation technologies may require 
compression and moisture removal upstream. 
3. Mesophilic digestion, 15 scf/lb VSR
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One of the potential disadvantages of using part of the biomethane produced as vehicle fuel is that it 
could degrade the marketability of the remaining biomethane. The purchasers of the product 
biomethane would prefer to have a constant quantity for purchase. The use of some of the biomethane 
for vehicle fuel if used on site will create a variable product quantity. However, with partial 
implementation of the vehicle fuel alternative, the impact on product quantity would be limited. 

Southwest Gas has indicated that it is actively looking for a demonstration project of this type. They have 
stated that they would consider purchasing and/or wheeling the biomethane to a premium market or to 
a vehicle fueling station as long as they are convinced of the effectiveness of the gas upgrading 
technology and that their conditions are met. These conditions include a gas quality monitoring system, 
measurement, telemetry and odorization. The purchase price of the biomethane may be at wholesale 
price or marginally higher if the CEC board agrees to a premium being assigned to the renewable energy. 
While Southwest Gas has not made any commitments to a project at the Ina Road WRF, they have 
indicated a sincere interest. Sale of biomethane not used as vehicle fuel is assumed to be wholesale at 
$4.0/MM Btu. It is noted that the current trend of natural gas has taken natural gas prices much lower 
than this on wholesale markets. 

The air permitting process associated with Alternative C is expected to be similar to that for Alternative B 
as described in Paragraph 4.5.2.2. 

The capital cost associated with Alternative C increased by the same margin to incorporate hydrogen 
sulfide removal equipment as described in Paragraph 4.5.2.2. 

4.6.2.4 Summary of Results 

The results of the refined analysis are provided in separate sections: capital cost, O&M costs, revenue, 
net present value and non-cost considerations. 

Capital Costs 

A comparison of the capital cost estimates developed previously shows only a slight difference between 
the alternatives. Capital costs were developed assuming mesophilic digester operation and assuming 
minimal additional structures or equipment to minimize capital costs. Alternative B provides the lowest 
capital cost by about 7 percent from the next best alternative. The highest cost is for Alternative C. 
 

Table 4-20. Capital Costs 

Year Alternative A 
Combined Heat and 

Power 

Alternative B 
Gas Upgrading and 

Sale 

Alternative C 
Gas Upgrading with Partial 
Implementation of Vehicle 

Fuel 

Year - 2014  $11,080,000 $10,010,000 $11,010,000 

Year - 2024 (additional for expansion)  $1,580,000 $1,810,000 $1,810,000 

 

O&M Costs 

A comparison of the operating and maintenance cost estimates developed in previous sections shows a 
significant difference between the alternatives. As can be seen in Table 4-21, Alternative A has the 
highest total O&M costs. The O&M costs of Alternative B are only 60 percent of those of Alternative A 
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and about 90 percent of Alternative C. The O&M costs identified in Table 4-21 assume mesophilic 
digester operation. 

 
Table 4-21. O&M Costs in 2014 

Item Alternative A 
Combined Heat and 

Power 

Alternative B 
Gas Upgrading and 

Sale 

Alternative C 
Gas Upgrading with Partial 
Implementation of Vehicle 

Fuel 

Equipment O&M costs, $/year $418,000  $81,000  $81,000  

H2S Removal, dollars/year $150,000  $150,000  $150,000  

Gas Pre-treatment O&M, $/year $196,000  N/A N/A 

Labor , $/year Included in above $52,000  $52,000  

Power, $/year Included in above $187,000  $187,000  

Fueling Station O&M, $/year N/A N/A $44,000  

Total O&M $764,000  $470,000  $514,000  

Note: Refer to Paragraph 4.4.7 for development of the O&M costs. 

 

Revenue or Savings Potential 

The revenue or savings potential of the three alternatives shows that Alternative A would provide the 
most economic benefit from electricity savings. Revenues from Alternative B and Alternative C (including 
savings in purchased vehicle fuel) would provide about 92 percent and 63 percent of the cost savings of 
Alternative A respectively. The electricity savings are based on a combined electricity cost of 
$0.059/kWh from TEP. Sale of biomethane to “premium markets” is assumed to be at $7.5/MM Btu, 
and sale of biomethane at local wholesale natural gas prices is assumed to be $4.0/MM Btu. 

 
Table 4-22. Revenues or Savings for the Alternatives in 2014 

Item Alternative A 
Combined Heat and 

Power a 

Alternative B 
Gas Upgrading and 

Sale b 

Alternative C 
Gas Upgrading with Partial 
Implementation of Vehicle 

Fuel c 

Potential Economic Benefit, $/year $1,479,000 $1,362,000 $933,000 

(a) based on $0.059 per KW-hr (does not account for cost associated with a different, higher purchased power cost from TEP if more 
attractive tariff is not available due to on-site power generation) 

(b) based on sale of gas at $7.5/MMBTU 
(c) based on $3.90/gallon fuel cost offset; and sale of gas at $4.0/MMBTU 

 

Net Present Value 

Table 4-23 provides a comparison of the net present value of the alternatives assuming a range in 
biomethane sale prices. The results of the net present value analysis vary depending on the assumed 
value of the biomethane sold. If biomethane is valued at the assumed higher premium value of 
$7.5/MMBTU then Alternative C appears to be more attractive. If the value of the biomethane is near the 
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lower wholesale value, then neither Alternative B nor Alternative C appear to be attractive; however, the 
portion of biomethane used for vehicle fuel makes this option somewhat less negative. 

Alternative A is not impacted by the value of biomethane, it is only impacted by the cost of power off-set 
by the power generated on-site. Based on the assumptions used in this analysis, it provides both the 
least opportunity for economic gain and the most least risk for long term economic loss. 
 

Table 4-23. Net Present Value of Alternatives  

Item Alternative A 
Combined Heat and 

Power 

Alternative B 
Gas Upgrading and 

Sale 

Alternative C 
Gas Upgrading with Partial 
Implementation of Vehicle 

Fuel 

Net Present Value (high value of 
biomethane) ($1,280,000) $2,560,000a $3,540,000a 

Net Present Value (low value of 
biomethane) N/A ($6,600,000)b ($5,120,000)b 

Note: discount rate used for net present value evaluation – 3.25% 
(a) Based on sale of gas at $7.5/MMBTU 
(b) Based on sale of gas at $4.0/MMBTU 

 

Non-cost Considerations 

Non-cost considerations for the three alternatives were investigated and documented below. 

Potential Risks and Opportunities 

Potential risks and opportunities were identified for each of the alternatives in the categories of 
economic, raw gas quality, operational, contract default by third party contractor, permitting risks and 
other. These potential risks and opportunities are described briefly in Table 4-24. 
 

Table 4-24. Potential Risks and Opportunities of Alternatives 

Risk or Opportunity Alternative A 
Combined Heat and Power 

Alternative B 
Gas Upgrading and Sale 

Alternative C 
Gas Upgrading for Vehicle Fuel, with 

Sale to Utility as Back-up 

Economic 

1) Value of purchased electricity drops, 
thereby reducing "payback" (not likely). 
2) Value of purchased electricity increases, 
improving "payback" (more likely). 
3) Could compromise TEP tariff LL14 which 
would result in higher cost for power 
purchased from TEP. 

Volatility in premium biogas markets 
could reduce economic return to 
PCRWRD (possible)  

1) Cost of gasoline/diesel fuels may drop 
thereby reducing "payback" (not likely); 
2) Cost of gasoline/diesel fuels continue to 
rise improving "payback" (more likely).  

Raw gas quality Elevated levels of H2S and/or siloxane could 
increase cost of gas conditioning.  

Elevated levels of H2S and/or siloxane 
could increase cost of gas conditioning 
and upgrading.  

Elevated levels of H2S and/or siloxane could 
increase cost of gas conditioning and 
upgrading.  

Operational 

Failure of third party operator to maintain 
CHP power output, resulting in steep demand 
charges by TEP (could make the contractor 
responsible for demand charges but this 
increases risk cost to contractor).  

Unscheduled extended shut-down of gas 
upgrading results in flaring; could 
compromise air permit.  

Unscheduled extended shut-down of gas 
upgrading results in flaring; could 
compromise air permit. Also, could reduce 
vehicle fuel availability.  
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Table 4-24. Potential Risks and Opportunities of Alternatives 

Risk or Opportunity Alternative A 
Combined Heat and Power 

Alternative B 
Gas Upgrading and Sale 

Alternative C 
Gas Upgrading for Vehicle Fuel, with 

Sale to Utility as Back-up 

Contract default by third 
party contractor  

PCRWRD could take over operation of CHP; 
operate similar to current ERF.  

PCRWRD must independently re-engage 
all contracts that third party put in place 
for gas sale and transport. May impact 
air permit (see below)  

PCRWRD must take over operation of gas 
upgrading facility; PCRWRD must take over 
vehicle fueling.  

Permitting risks 
Little risk until air permit requires renewal; 
then, modest risk of reducing emissions 
requirements.  

Two risks:  
1) potential to permit CO2 point source 
discharges;  
2) failure of third party contractor may 
result in flaring and places air permit 
compliance in jeopardy.  

Two risks:  
1) potential to permit CO2 point source 
discharges;  
2) failure of third party contractor may result 
in flaring and places air permit compliance 
in jeopardy.  

Other opportunities Use waste heat to provide partial drying of 
biosolids (see synergies below).  

Recover CO2 for commercial application 
(added revenue source).  

Recover CO2 for commercial application 
(added revenue source).  

 

Public Relations Value 

The public relations value for each of the biogas utilization alternatives also differs and may not be 
entirely straightforward to predict. 
• Alternative A: The public relations value for cogeneration is limited. There is no change from current 

biogas use at the Ina Road WRF. 
• Alternative B: Upgrading the biogas and selling to an outside premium market may provide a positive 

or negative benefit to PCRWRD; positive if PCRWRD receives economic benefit from sale of 
biomethane, and potentially negative if economic benefit diminishes and public perceives PCRWRD 
as "giving away" a resource. 

• Alternative C: The use of biomethane as a vehicle fuel is potentially very positive since the vehicles 
could provide good visibility, regardless of economic benefit. 

Potential Synergies with Biosolids Utilization and Management 

The potential synergies with biosolids utilization and management are summarized below for the 
alternatives. 
• Alternative A: The potential synergy with cogeneration would be positive under the following 

scenarios: 
− If thermophilic digestion is implemented in the future, then expanded heat recovery can support 

thermophilic operation throughout most of the year. 
− If heat recovery can support partial biosolids drying (potentially less than 1/2 production). 

However, drying with recovered heat may not achieve Class A given the low temperature of the 
heat available from cogeneration. 

• Alternative B and Alternative C: These alternatives have a negative potential synergy if thermophilic 
digestion is implemented in the future since more biogas (or biomethane) must be diverted to Central 
Plant for heating. This results in there being less biomethane available for sale. 
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4.6.2.5 Conclusions 

The evaluation of short-listed Alternatives A, B and C indicate that there is potential for a significant 
positive net present value through implementation of Alternative B or C. However, this comes with 
significant risk associated with volatility in the premium biogas market. Alternative A – where power is 
generated on-site – continues to carry the risk of compromising the attractive tariff with TEP. 

Based on this evaluation, it was decided to drop Alternative A – CHP from further consideration. On the 
other hand, PCRWRD’s interest in gas upgrading to pipeline quality, with the potential for future 
implementation of vehicle fuel using biogas is high. Section 6 will describe the recommended plan for 
moving forward with this as the biogas utilization alternative of choice. 
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Section 5 

Green Valley Wastewater Reclamation 
Facility Biosolids and Odor Control Evaluation 
and Plan for Sub-Regional Facilities 
In developing a comprehensive biosolids management and utilization strategy for Pima County Regional 
Wastewater Reclamation Department (PCRWRD), the biosolids management and utilization at the Green 
Valley Wastewater Reclamation Facility (Green Valley WRF) was evaluated. Odor control capabilities and 
treatment options at the solids treatment portion of Green Valley WRF were included with the evaluation 
of biosolids management. 

The evaluation of the biosolids management and odor control options at the Green Valley WRF included 
the following process: 
• Investigation of current operations for biosolids processing and utilization. 
• Identifying biosolids processing and utilization alternatives that are consistent with PCRWRD System 

Wide Biosolids Utilization Plan and suit both current and future processing requirements. 
• Developing and evaluating the alternatives for biosolids management and odor control at the Green 

Valley WRF. 

The results of the Green Valley WRF evaluation define the recommended improvements to the Green 
Valley WRF. The results are used to consider whether changes in biosolids management at the other 
PCRWRD Sub-regional facilities is warranted. 

5.1 Overview of Existing Green Valley WRF and Biosolids 
Management 

The Green Valley WRF currently utilizes two different methods for wastewater treatment, Lagoons and 
Biological Nutrient Removal Oxidation Ditch (BNROD) process. Previous to the construction of the 
BNROD process and associated plant improvements, the lagoons were the only treatment option. The 
biosolids and odor control evaluation focused on the solids produced in the BNROD process as the use 
of the lagoons is expected to be discontinued in future plant operating strategies. 

In 2003 to 2004, an entire plant including; influent pump station, headworks, BNROD process, gravity 
separation, liquid treatment/disinfection, and solids treatment was constructed at the Green Valley WRF. 
The overall capacity of the BNROD based plant is 2.0 million gallons per day (mgd) of influent flow. The 
influent flow to Green Valley WRF is currently estimated at approximately 1.86 mgd. The majority of the 
influent flow is treated in the BNROD process, while a portion of the flow, approximately 0.48 mgd, is 
treated in the lagoons. Flow to the lagoons is continued in order to maintain the operation of that 
treatment system. The design concept of the BNROD based plant included provisions for doubling the 
BNROD plant capacity to 4.0 mgd in the future. 

The solids treatment processes at the Green Valley WRF are intended to produce a Class B biosolids 
product and include thickening, aerated storage (storage tanks were designed to operate as aerobic 
digesters; however, mixing and aeration are insufficient to achieve effective digestion), dewatering, and 
drying in open-air drying beds. The dried biosolids product is hauled to the ASARCO Mission Mine for 
surface application. The mine site is approximately 15 miles from the Green Valley WRF. Current 
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utilization availability at that mine site has been inconsistent and future utilization opportunities are 
uncertain when the ASARCO site is not available, solids are stored on-site. Other options for surface 
application of Class B biosolids will likely include an increased hauling distance. 

The solids treatment facility at Green Valley WRF is not equipped with odor containment or odor control. 
Based on discussions with Green Valley WRF operations staff, the lack of odor control system combined 
with difficulties related to the current solids processing activities at Green Valley WRF are causing odor 
control issues and complaints. Processing difficulties, which are responsible for generating excessive 
odors, include insufficient aeration of the biosolids in the drying beds and the sludge in the aerated 
sludge holding tanks. The partially dried biosolids in the drying beds require regular turning to remain 
aerated and avoid conditions that cause foul odors. A lack of PCRWRD personnel, which have the proper 
certifications to operate the turning equipment and are available at the Green Valley WRF, is the primary 
cause of excessive odors being generated from the drying beds. The inconsistency of the utilization at 
the ASARCO mine and uncontrollable issues, such as rewetting of dried biosolids during rain events, has 
also caused excessive odors from the drying beds. Inconsistent aeration in the aerated sludge holding 
tanks as well as the lack of covers for the tanks has also contributed to the odor issue. 

5.2 Alternatives for Improving Biosolids Management and Odor 
Control 

The lack of acceptable odor control facilities for the solids handling portion of the facility and the 
challenges related to the current biosolids management has created the need for upgrades to the Green 
Valley WRF. Odor complaints have demonstrated the need for improved odor control at the facility. In 
order to eliminate the odor and biosolids management issues at the Green Valley WRF, multiple 
alternatives were identified and evaluated as potential solutions. 

The alternatives for improving the biosolids management and odor control at the Green Valley WRF were 
evaluated using criteria specific to PCRWRD and the Green Valley WRF. The criteria included the 
following: 
• The rate of solids production downstream of the BNROD process is 2,800 pounds of solids per million 

gallons of facility influent flow to the BNROD process. This solids production rate was obtained from 
the Regional Optimization Master Plan report, and is considered appropriately conservative upon 
which to base a long term plan. 

• Alternatives were evaluated at a flow condition of 2.0 mgd of influent flow with all flow being treated 
in the BNROD process. Future expansion to 4.0 mgd of BNROD capacity was also considered in the 
evaluation. 

• The alternatives maximize the use of the existing facilities. 
• Alternatives include adding odor control for existing biosolids facilities and as needed for additional 

facilities. Odor treatment is based on biofiltration. This is the process used at other Sub-regional 
facilities and is performing satisfactorily at these facilities in similar applications, and is considered to 
be an appropriate choice for odor control at Green Valley WRF. 

• Improved mixing and aeration systems to be added to the aerated sludge holding tanks. 
• Altering operation of the solids holding facilities to maintain a maximum solids concentration of 2 – 

percent total solids, preventing auto-thermal biological reactions and odor production. 
• Providing odor containment and treatment for the Gravity Belt Thickeners (GBTs), Belt Filter Press 

(BFP), and sludge storage tanks. 
• Adding the ability to load thickened unclassified sludge directly into tanker trucks. 
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5.2.1 Potential Biosolids Processing Options 
A broad range of alternatives were considered to achieve the odor control and biosolids management 
issues objectives stated above. The paragraphs below present the alternatives considered, including 
those that were judged not to be appropriate for Green Valley WRF and those that were judged to merit 
further consideration. 

Improved Open Air Drying. Retaining the process of open-air drying of sludge cake with modified 
operations was considered and determined not to be an appropriate solution for Green Valley WRF. The 
open-air drying alternative does not provide positive odor containment and occasional high odor events 
(due to inadequately stabilized solids, or re-wetting of partially dried and stabilized solids) are likely, 
regardless of operational procedures. 

Anaerobic Digestion. Anaerobic digestion was considered to treat the biosolids to Class B slurry. This 
option was dismissed because it would require adding a completely new process at the plant, requires a 
digester gas management system, and the recycle stream from the dewatered anaerobically digested 
sludge has a negative impact on the BNROD treatment process due to the high ammonia 
concentrations. 

Thermal Drying. Thermal drying of Class B biosolids to a Class A product at 90 – percent total solids was 
considered and dismissed. Thermal drying is an energy intensive operation with high associated energy 
costs. Dust control of the finished product is another potential issue with the thermal drying option. 

Aerobic Digestion. Aerobic digestion to stabilize the solids from the BNROD process to Class B slurry was 
considered and selected for further evaluation. It is consistent with the original design intent of the 
Green Valley WRF solids treatment processes, and is a common process for solids stabilization at small 
treatment plants. It is also relatively easy to operate; however, care must be taken to control the process 
so that autothermal heating of the digester contents does not occur to avoid odor production. Also, the 
system must be configured to achieve requisite solids retention time to achieve Class B standards. 

Enhanced Solar Greenhouse Dryers. Enhanced solar drying in greenhouses to dry and stabilize 
dewatered sludge cake to 75 – percent total solids Class B biosolids product was selected for further 
evaluation as a stand-alone treatment and as a follow-on process to aerobic digestion. Solar greenhouse 
driers are not recognized as a process to significantly reduce pathogens, therefore, if used by 
themselves, without stabilization to Class B standards (i.e. aerobic digestion) the testing of the dried 
product to confirm Class B status is required. 

Hauling Unclassified Sludge to the Ina Road Water Reclamation Facility (Ina Road WRF). Hauling 
thickened sludge without any stabilization treatment to the Ina Road WRF for further treatment was 
selected as an alternative for further investigation. This option would eliminate biosolids management at 
Green Valley WRF, in favor of consolidating biosolids management at the Ina Road WRF. 

5.3 Alternative Development and Evaluation 
Three alternatives were developed for further evaluation. The three alternatives are Improved Solids 
Holding with Solar Greenhouse Dryers, Aerobic Digestion with Solar Greenhouse Dryers, and Hauling 
Unclassified Sludge to the Ina Road WRF. 

5.3.1 Alternative1: Improved Solids Holding with Solar Greenhouse Dryers 
Alternative 1 is based on using solar greenhouse dryers to stabilize dewatered unclassified sludge cake 
into a Class B biosolids product at 75 – percent total solids. The sludge and slurry products from this 
alternative are unclassified. This alternative utilizes the following process steps and equipment: 
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• Existing GBTs are used to thicken a portion of the Waste Activated Sludge (WAS) from the BNROD 
process. A portion of the WAS bypasses the GBTs to maintain a maximum solids concentration of 2 – 
percent total solids in the sludge holding tanks. 

• Existing sludge holding tanks with improved aeration mixing and covers to provide operational 
flexibility. 

• Existing BFP to dewater the thickened sludge to a total solids concentration of 18 – percent. 
• Existing cake pump to move the cake from the solids facility to the greenhouse facility. 
• New Greenhouse Solar Dryers with integral odor control and dried biosolids storage to dry the sludge 

cake to 75 percent total solids. Biosolids must be tested to verify that Class B standards have been 
satisfied. 

• New biofilter, fan, and ductwork to collect and treat foul air from GBTs, BFP, and sludge storage 
tanks. 

• New truck loadout facilities to allow for filling of trucks with unclassified sludge. 

A schematic representing the solids handling equipment and flow streams for Alternative 1 at the Green 
Valley WRF is provided in Figure 5-1. An aerial view of the Green Valley WRF, showing the large-scale 
equipment to be added under Alternative 1 and possible equipment locations, is shown in Figure 5-2 
(note that locations of new facilities on the site plan is only to demonstrate the feasibility of locating 
these features on the plant site; optimal locations would be developed during the design of the 
improvements). 

 

 
Figure 5-1. Schematic Representation for Green Valley WRF Biosolids Alternative 1:  

Improved Solids Holding with Solar Greenhouse Dryers 
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Figure 5-2. Proposed Site Layout for Green Valley WRF Biosolids Alternative 1: 

Improved Solids Holding with Solar Greenhouse Dryers 

 

5.3.2 Alternative 2: Aerobic Digestion (AD) with Solar Greenhouse Dryers 
Alternative 2 is based on using aerobic digestion to stabilize thickened unclassified sludge into a Class B 
biosolids product at 2 – percent total solids, dewatering to 18 percent solids using the existing belt 
press, and using solar greenhouse dryers to dry the Class B biosolids to 75 – percent total solids. This 
alternative utilizes the following process steps and equipment: 
• Existing GBTs are used to thicken a portion of the WAS from the BNROD process. A portion of the WAS 

bypasses the GBTs to maintain a maximum solids concentration of 2 – percent total solids in the 
sludge holding tanks. 

• Existing sludge holding tanks converted to aerobic digesters with improved aeration mixing and 
covers. 

• New aerobic digester tanks to provide sufficient retention time for sludge stabilization to Class B. 
Total aeration volume, including the existing sludge storage tanks, is sized to provide a hydraulic 
retention time of 53 days. The retention time required for sludge stabilization was calculated to be 
46 days and an additional 7 days of storage capacity was added to provide operational flexibility. The 
sizing and hydraulic retention time calculations are based on decanting to maintain 2 – percent total 
solids in the aerobic digesters. US EPA 503 regulations provide a sliding scale of detention time 
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versus the minimum temperature of the influent solids (higher the influent temperature the lower the 
required detention time). The calculated retention time to achieve Class B represents a minimum 
influent sludge temperature of 18 degrees Celsius, which was provided by plant staff. 

• Existing BFP to dewater the thickened sludge to a total solids concentration of 18 – percent. 
• Existing cake pump to move the cake from the solids facility to the greenhouse facility. 
• New Greenhouse Solar Dryers with integral odor control and dried biosolids storage to dry the Class B 

biosolids to 75 percent total solids. 
• New biofilter, fan, and ductwork to collect and treat foul air from GBTs, BFP, and sludge storage 

tanks. 
• New truck loadout facilities to allow for filling of trucks with unclassified and Class B sludge. 

A schematic representing the solids handling equipment and flow streams for Alternative 2 at the Green 
Valley WRF can be seen in Figure 5-3. An aerial view of the Green Valley WRF, showing the large-scale 
equipment to be added under Alternative 2 and possible equipment locations, is shown in Figure 5-4 
(note that locations of new facilities on the site plan is only to demonstrate the feasibility of locating 
these features on the plant site; optimal locations would be developed during the design of the 
improvements). 
 

 
Figure 5-3. Schematic Representation for Green Valley WRF Biosolids Alternative 2: 

Aerobic Digestion with Solar Greenhouse Dryers 
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Figure 5-4. Site Layout for Green Valley WRF Biosolids Alternative 2: 

Aerobic Digestion with Solar Greenhouse Dryers 
 

5.3.3 Alternative 3: Hauling Unclassified Sludge to Ina Road WRF 
Alternative 3 is based on thickening unclassified sludge to 4 – percent total solids and hauling the 
sludge to the Ina Road WRF. This alternative utilizes the following process steps and equipment: 
• Existing GBTs are used to thicken the WAS from the BNROD process. For purposes of this evaluation, 

it is assumed that solids are thickened to 4 percent solids. 
• Existing sludge holding tanks with improved aeration mixing and covers to provide storage for 

operational flexibility. Discussions with Green Valley WRF operating staff indicate that wasting sludge 
directly to the GBT from the BNROD basin is preferred. Therefore, the storage tank immediately 
upstream of the GBT would be used only in an emergency and/or to back-up the thickened sludge 
storage tank. 

• The thickened sludge would be pumped to a storage tank that would be fitted with new mixing 
equipment and aeration equipment in order to keep the stored thickened sludge homogeneous and 
aerated to reduce odors when being transferred to the hauling truck. It is expected that inventory in 
this tank would be kept as low as possible to reduce potential for odor generation. 

• New truck loadout facilities to allow for filling of trucks with unclassified sludge. 
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• New, dedicated water tight tanker trucks for hauling to Ina Road WRF. 
• It is assumed that solids would be discharged at Ina Road WRF directly to the solids holding tank 

upstream of thickening at Ina Road WRF. 
• New biofilter, fan, and ductwork to collect and treat foul air from GBTs and sludge storage tanks 

would be included. 

A schematic representing the solids handling equipment and flow streams for Alternative 3 at the Green 
Valley WRF can be seen in Figure 5-5. 
 

 
Figure 5-5. Schematic Representation for Green Valley WRF Biosolids Alternative 3: 

Hauling Unclassified Sludge to the Ina Road WRF 
 

5.4 Alternatives Evaluation 
5.4.1 Life Cycle Costs (LCC) 
The capital costs and annual operations costs were estimated at a planning level of detail for the three 
alternatives at both the current BNROD flow rating of 2.0 mgd and the expected future flow of 4.0 mgd. 
The estimated capital costs include vendor provided information scaled as necessary to represent the 
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sizing requirements at the Green Valley WRF. The solar greenhouse sizing recommendations and costs 
were provided by vendors of several different manufacturers. The concrete foundation costs related to 
greenhouse installation were estimated using an estimated quantity of concrete necessary for 
construction. The costs of the blowers and diffuser systems for the aerated storage/aerobic digesters 
was provided by vendors based on estimated airflow rates for aeration and/or mixing requirements. 
Other costs were estimated using costs and costing factors based on experience with similar equipment 
and installations. 

The evaluation and cost estimates for the future BNROD flow of 4.0 mgd were conducted to show future 
facility conditions at the Green Valley WRF and to identify any differences in the evaluation results that 
may arise from evaluating a larger-scale solids processing facility. For this evaluation, the assumed date 
for BNROD plant expansion is 2030, but the actual timing has not been determined. 

The capital costs and annual operations costs were then used to estimate Life Cycle Costs for the 
alternatives. Table 5-1 lists the cost estimates for each alternative at the current BNROD flow rating of 
2.0 mgd. Table 5-2 lists the cost estimates for each alternative at the predicted future BNROD flow 
rating of 4.0 mgd. The following assumptions were made in the cost estimates: 
• Raw costs estimated from vendor quotes plus planning estimate of supporting facilities. 
• Cost estimates are for comparative purposes; actual construction costs may vary due to features 

required for all facilities but not identified at this level of estimate. 
• Mark-ups assigned to raw costs: 

− 10 percent Contractor mark-up 
− 7 percent misc mark-ups (insurance, bonds, start-up) 
− 25 percent contingency 
− 6 percent sales tax 
− Aggregate mark-ups – 56 percent 

•  Life Cycle Costs expressed as present worth 
• Life Cycle Cost analysis extended through 2030. 
• 3.25 percent discount rate used (per PCRWRD) 
• Unit costs– current from PCRWRD 

− Labor - $68,900/yr including fringe 
− Power - $0.10/kw-hr 

• $3.50/mile transportation cost for hauling sludge and biosolids (this is an aggregate unit cost based 
on actual costs given by PCRWRD for transportation of sludge from several Sub-regional facilities to 
the Ina Road WRF and the relative distances of those facilities from the Ina Road WRF). 

It should be noted that for estimating the cost of transportation of Green Valley WRF solids to Ina Road 
WRF, it was assumed that the tanker haul truck would deliver the Green Valley WRF solids directly to the 
Ina Road WRF; specifically, the solids storage tanks which are planned for upstream of the gravity belt 
thickening process. Other Sub-regional facilities currently discharge their hauled solids to manholes 
upstream of either the Roger Road or Ina Road WRFs; consequently, the solids are mixed with the 
wastewater and are removed through the liquid treatment process at Ina Road WRF. Though this 
practice reduces the haul distance, it potentially creates other issues: 
• Creates potential for odors at the point of discharge, and/or along the sewer leading to the regional 

treatment plant. 
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• Adds additional solids and organic load to the treatment processes, resulting in higher cost of 
operation and reduced capacity for additional raw sewage flow and loads. 

In essence, PCRWRD has already made the investment in removing the solids from the liquid treatment 
process at the Sub-regional facilities (power, polymer, operations oversight, etc), but by returning the 
solids to the raw sewage influent to the regional plants, PCRWRD must make the investment second 
time. Therefore, it is recommended haul Green Valley WRF solids directly to Ina Road WRF. 

 
Table 5-1. Estimated Capital, Annual, and Present Worth Life Cycle Costs for the 

Green Valley WRF Biosolids Alternatives at 2.0 mgd of Influent Flow to the BNROD Process 

Cost Component Alt. 1 Alt. 2 Alt. 3 

Capital: (dollars) 

Aerated sludge holding 

Odor control 

Solar dryer 

Misc site work & electrical 

Tanker trucks (2 assumed) 

Total (dollars) 

$340,000 

$356,000 

$5,745,000 

$1,893,000 

- 

$8,334,000 

$2,234,000 

$671,000 

$5,095,000 

$2,164,000 

- 

$10,164,000 

$360,000 

$336,000 

- 

$190,000 

$900,000 

$1,786,000 

Annual Costs: (dollars per year) 

Powera 
Labora 

$44,500 
$36,700 

$253,800 
$41,400 

$32,900 
$115,400 

Hauling:    

To beneficial use 
to Ina Rd WRF 
Processing at Ina Rd WRF 

Total (dollars) 

$24,800b 
- 
- 

$106,000 

$18,700b 
- 
- 

$314,000 

- 
$316,000c 
$92,000d 

$556,000 

Present Worth, Life Cycle Costs (dollars) $9,654,000 $14,037,000 $8,645,000 

(a) Power - $0.10/kw-hr; Labor - $68,900/yr – (given $33.12/hr) 
(b) Includes hauling at $3.50/mi, 50 miles roundtrip 
(c) Includes hauling 4 percent solids at $3.50/mi, 75 miles roundtrip 
(d) Includes digestion, dewatering/thickening, haul and application 

Alt. 1 Improved solids holding, solar greenhouse dryers 
Alt. 2 Aerobic Digestion (AD) and solar greenhouse dryers 
Alt. 3 Haul unclassified solids to Ina Road WRF 

 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 5  
GVWRF Biosolids and 

Odor Control Evaluation 

 

 5-11 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

Table 5-2. Estimated Capital, Annual, and Present Worth Life Cycle Costs for the 
Green Valley WRF Biosolids Alternatives at 4.0 mgd of Influent Flow to the BNROD Process 

Cost Component Alt. 1 Alt. 2 Alt. 3 

Capital: (dollars) 

Aerated sludge holding 

Odor control 

Solar dryer 

Misc site work & electrical 

Tanker trucks (4 assumed) 

Total (dollars) 

$822,000 

$356,000 

$11,490,000 

$3,093,000 

- 

$15,761,000 

$4,029,000 

$671,000 

$9,267,000 

$3,317,000 

- 

$17,284,000 

$822,000 

$356,000 

- 

$360,000 

$1,800,000 

$3,338,000 

Annual Costs: (dollars per year) 

Powera 
Labora 

$75,900 
$70,500 

$422,300 
$76,200 

$32,900 
$226,000 

Hauling:    

To beneficial use 
to Ina Rd WRF 
Processing at Ina Rd WRF 

Total (dollars) 

$49,700b 
- 
- 

$196,000 

$37,400b 
- 
- 

$536,000 

- 
$631,000c 
$185,000d 

$1,075,000 

Present Worth, Life Cycle Costs (dollars) $18,178,000 $23,893,000 $16,595,000 

(a) Power - $0.10/kw-hr; Labor - $68,900/yr – (given $33.12/hr) 
(b) Includes hauling at $3.50/mi, 50 miles roundtrip 
(c) Includes hauling 4 percent solids at $3.50/mi, 75 miles roundtrip 
(d) Includes digestion, dewatering/thickening, haul and application 

Alt. 1 Improved solids holding, solar greenhouse dryers 
Alt. 2 Aerobic Digestion (AD) and solar greenhouse dryers 
Alt. 3 Haul unclassified solids to Ina Road WRF 

 

5.4.2 Sensitivity Analysis 
A sensitivity analysis was conducted on each of the alternatives. The analysis was conducted to estimate 
effect on the life cycle costs of each alternative to changes in electrical energy costs, labor costs, hauling 
cost and capital costs of construction. A graphical representation of the results can be seen in Figures 
5-6, 5-7, 5-8 and 5-9. 

Effect of Higher Electrical Costs. Figure 5-6 shows how the life cycle cost of each alternative would be 
impacted if the cost of electricity paid at the Green Valley WRF increases. Alternative 2 with aerobic 
digestion is the most vulnerable to higher electric power costs due to the aeration required for the 
aeration of the digester tanks over an extended period of time to achieve Class B quality. 
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Figure 5-6. Results of Sensitivity Analysis for Changes in Electrical Energy Costs 

 

Effect of Higher Labor Cost. As shown in Figure 5-7, Alternative 3 is impacted most by increasing labor 
costs due the labor necessary to drive the haul vehicles round trip between Green Valley WRF and Ina 
Road WRF. 
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Figure 5-7. Results of Sensitivity Analysis for Changes in Labor Costs 

 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 5  
GVWRF Biosolids and 

Odor Control Evaluation 

 

 5-13 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

Effect of Higher Hauling Cost. The most significant factor that could increase hauling cost is the cost of 
fuel. Figure 5-8 demonstrates that Alternative 3 will be impacted the most due to the number of trips 
required to haul biosolids to Ina Road WRF. 
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Figure 5-8. Results of Sensitivity Analysis for Changes in Hauling Costs 

 

Effect of Higher Capital Costs. Figure 5-9 demonstrates how the relative life cycle costs of the alternative 
may vary if the capital cost estimates used in this analysis are overstated or under stated. Alternative 3, 
with the fewest capital improvements are the least impacted by variations in capital costs. 
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Figure 5-9. Results of Sensitivity Analysis for Changes in Capital Costs 
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5.4.3 Non-Cost Related Construction 
In addition to the cost considerations, the following factors were used to further evaluate the three 
alternatives: 

Disposal Flexibility. The disposal flexibility of the biosolids product was included in the evaluation of the 
alternatives. The disposal flexibility evaluation considered the physical state (sludge, slurry, cake, dry) 
and classification (unclassified, Class B) of the biosolids being produced, and the potential outlets for 
those products. Even though alternatives 1 and 2 produce more diverse products at Green Valley WRF, 
they were judged to be equivalent to Alternative 3 because solids hauled to Ina Road WRF will be 
managed with PCRWRD generated solids in what is recommended to become a more diverse program. 

Vulnerability to Changes in Product Outlet Options. The ability to positively move biosolids from Green 
Valley WRF to a point of ultimate disposition (i.e. beneficial use, but could be disposal) is an important 
consideration. The vulnerability of each alternative to changes that could compromise product outlets 
was assessed. All alternatives were judged to be equivalent in this category. 

Facility Monitoring Requirements to Make Class B Product. The effort required to monitor and report to 
ADEQ of solids processes to confirm Class B product is judged to be a negative. Hence, Alternatives 1 
and 2 were scored lower than Alternative 3 which requires little monitoring/reporting. 

Operational Complexity. The complexity of both the biosolids treatment technologies and the complexity 
of managing the biosolids utilization process were factors in the evaluation process. Alternative 3 was 
scored higher because it is operationally simpler than managing solids treatment and drying on-site at 
Green Valley WRF. 

Site Impacts. The site impacts evaluation primarily related to the footprint of any additional facilities. 
Both Alternatives 1 and 2 require significant area for solar greenhouse driers. Alternative 2 requires 
additional area for aerobic digesters. Alternative 3 requires virtually no additional space on-site and 
therefore was scored highest. 

Odor Control Processes. Each alternative was configured to achieve odor containment and treatment to 
improve odors at Green Valley WRF. The number of odor control processes and the number of process 
systems or equipment units that required odor control were considered in the evaluation. Alternative 3 
was scored highest because it will generate the least volume of foul air and require only one foul air 
treatment process. 

Environmental and Social Considerations. Both Greenhouse Gas Emissions and traffic impacts were 
considered for each alternative. Due to Alternative 3’s reliance on truck hauling, it was scored lower in 
these criteria than Alternatives 1 and 2. 

These factors along with the cost considerations were evaluated in a workshop with PCRWRD staff on 
August 8, 2011. Each of the cost and non-cost related factors were given a weighted score for each 
alternative. A table showing the scores, respective weight factors, and weighted score for each 
alternative can be seen in Appendix D. 

5.4.4 Evaluation Results 
Based on the results of the alternative evaluation and a workshop conducted with PCRWRD staff on 
August 8, 2011, the alternative for hauling unclassified sludge to the Ina Road WRF, Alternative 3 was 
selected as the best alternative for the Green Valley WRF. The low capital and life cycle costs along with 
the operational simplicity of Alternative 3 were the main factors in this alternative being selected. 
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Additional benefits to hauling sludge from Green Valley WRF to the Ina Road WRF include consolidating 
PCRWRD’s biosolids treatment efforts, flexibility for possible future treatment options at Green Valley 
WRF, and potential for cost savings due to reduced transportation costs. Consolidating biosolids 
treatment at the Ina Road WRF may have a cost benefit if treatment to a Class A biosolids product is 
implemented by PCRWRD in the future. The option of solar greenhouse drying at Green Valley WRF 
remains available with this option in the event that significantly higher transportation costs are 
encountered in the future. There is a potential for transportation cost savings by using bioCNG fuel, 
which is a potential product of the Ina Road WRF, to fuel tanker trucks hauling the unclassified sludge 
from the Green Valley WRF (see discussion in Section 4). 

5.5 Implications for Other PCRWRD Sub-regional Facilities 
In Section 2, an overview of the PCRWRD Sub-regional facilities was provided. As noted in this overview, 
only the Green Valley WRF currently has an independent biosolids management program that includes 
treatment and distribution of biosolids. The other Sub-regional facilities either 1) haul thickened raw 
solids to the Ina Road WRF (actually, discharge manholes upstream of the Ina Road WRF), or 2) 
discharge solids directly to a sewer that ultimately discharges to either the Roger Road WRF or the Ina 
Road WRF, or 3) for very small plants, solids are dried and periodically scraped and hauled to landfill. 

Biosolids management practices at these other Sub-regional facilities is to be considered as part of the 
System Wide Biosolids Master Plan for PCRWRD. The results of the Green Valley WRF evaluation 
discussed above has significant implications for these other facilities. These are summarized below: 
• The Green Valley WRF evaluation demonstrated hauling liquid-slurry, unclassified solids to Ina Road 

WRF for treatment and incorporation into the larger PCRWRD biosolids management program is cost-
effective when compared to alternatives that include on-site treatment and separate disposal, and 
has other benefits, such as consolidating solids treatment and distribution at one location. 

• Converting solids handling at the other Sub-regional facilities will require considerable investment in 
new processes, odor control and management of biosolids product in order to avoid the issues 
encountered at Green Valley WRF. 

• The other Sub-regional facilities already have in-place the solids thickening, truck loadout facilities 
recommended for Green Valley WRF; by retaining this approach for solids management at these 
plants, no further capital investment is needed. 

For these reasons, it is recommended that the Sub-regional facilities that currently haul solids to Ina 
Road WRF continue this as their process for solids management for the foreseeable future. No change is 
currently required at these facilities. These facilities include the Avra Valley WRF, Corona De Tucson 
WRF, and the Mt. Lemmon WRF. 

It is, however, recommended that solids for Sub-regional facilities be hauled all the way to the Ina Road 
WRF to avoid potential odor issues and process issues associated with discharge at an upstream 
manhole. 

It is also recommended that no change be made for those Sub-regional facilities that use drying beds 
and periodically remove the solids and haul to landfill. These are very small facilities, and the current 
practice is both cost-effective and reliable. Implementing a more sophisticated biosolids management 
process at these small facilities would not improve PCRWRD operations or biosolids management 
practices. 

The Regional Optimization Master Plan identified potential growth in population and sewer service in the 
sub-regional facility service areas, including Green Valley. As this growth occurs and wastewater 
collection and treatment facilities serving these areas are planned for expansion to accommodate this 
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growth, biosolids management for these facilities may require re-consideration. Future factors that may 
impact the decision to haul solids to Ina Road WRF include the following: 

• Projected growth in flows and loads to sub-regional facilities, and resulting increases in biosolids 
production; major expansions may make local biosolids management more cost-effective than 
hauling to Ina Road WRF.  

• Cost of transporting solids to Ina Road (see sensitivity analysis presented in Section 5). 

• Cost of treating solids at Ina Road WRF.  

• Capacity of solids treatment facilities at Ina Road WRF and/or cost of expanding these facilities. 

• Degree of diversification achieved in the PCRWRD biosolids program, especially in terms of land 
application sites and contractors (or PCRWRD) engaged to provide haul and land application 
services; a more diverse program may make separate biosolids management at sub-regional 
facilities more cost-effective, and may further improve overall biosolids program diversity. 

Thus, planning for expansion of wastewater services in areas served by the Sub-regional facilities should 
also include planning for biosolids management for these facilities, and the planning should be 
coordinated with the current status of PCRWRD’s overall biosolids management program. 

Finally, no change is recommended for Randolph Park WRF, where solids are pumped back into the 
sewer for removal and treatment at the downstream regional treatment plants. This system for solids 
handling is appropriate for this small water reclamation facility because 1) there is virtually no space 
available for more sophisticated solids handling, and 2) the location of Randolph Park WRF in an urban 
environment would require expense and robust odor control facilities. 
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Section 6 

Summary of Recommended Plans 
This section presents a summary of the recommended plans for biosolids and biogas utilization for Pima 
County Regional Wastewater Reclamation Department (PCRWRD). The development of these 
recommendations has drawn upon the following: 
• Results of alternative development and evaluation as described in the preceding sections. 
• Discussions and input from PCRWRD staff during multiple workshops conducted throughout the 

development of this Master Plan (see Appendix G for a compilation of workshop notes and 
presentation material). 

• Results of the Request for Expressions of Interest (RFEI) process conducted by PCRWRD in support of 
this Master Plan (see Appendix B for summary of RFEI process and responses). 

• For biogas recommendations, input from subconsultants who are specialists in the natural gas and 
renewable gas marketplace, as well as financial consultants providing analysis and input on the 
economic considerations associated with project delivery options. 

Consequently, the recommendations presented in this section represent a compilation and melding of 
data and information received from various sources, including input from PCRWRD staff. As a result, in 
order to best meet the long and short term needs of PCRWRD, the recommended plans for both 
biosolids and biogas utilization have been tailored from the alternatives evaluated previously to reflect 
input from these multiple sources, as well as meet the specific objectives of PCRWRD. 

The paragraphs that follow present the recommended plans for biosolids utilization, managing biosolids 
from Sub-regional facilities, and utilization of biogas produced at the Ina Road Water Reclamation 
Facility (WRF). In all cases, it is assumed that the Regional Optimization Master Plan (ROMP) program 
has been completed with recommended facilities constructed and in operation. This includes the 
upgrade and expansion of the Ina Road WRF, including conversion of the solids dewatering facility to 
allow for continued production of slurry or the production of dewatered cake; it is also assumed that the 
construction and start-up of the Water Reclamation Campus (WRC) treatment facility is complete and 
solids transfer to Ina Road WRF has been implemented and is operational. Finally, it is assumed that the 
existing Energy Recovery Facility at Ina Road WRF has been de-commissioned and a new Central Plant 
has been implemented to meet the plant’s thermal energy demands. 

6.1 Biosolids – Improve Long Term Reliability 
As stated in Section 3, PCRWRD’s current biosolids management program has been cost-effective and 
reliable for over 20 years. The current system relies on a single contractor for land application of Class B 
biosolids, in slurry form, to agricultural lands, mostly within 10 miles of the Ina Road WRF. This is one of 
the most cost-effective biosolids programs in the country. It is compliant with state and federal 
regulations, and public scrutiny of the program has not been an issue for PCRWRD or the contractor. 
However, as also stated in Section 3, the current program is vulnerable to potential changes that could 
increase the cost of biosolids management and/or severely curtail the current program. Therefore, 
recommendations for biosolids management are focused on actions necessary to improve the long term 
reliability of PCRWRD’s biosolids program, while continuing to utilize biosolids beneficially as in the 
current program, and maintaining the relative cost-effectiveness of the program. 
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There are two over-arching recommendations for biosolids utilization: 
6. Retain the current land application program (contractor and land application sites) for as long as the 

program remains viable and cost-effective. 
7. Begin to diversify the biosolids program in terms of biosolids products produced, and potential users 

of those products. 

Consequently, recommended near term capital investments in biosolids treatment and disposal are 
limited; however, some short term actions by PCRWRD are recommended in order to provide a 
foundation for long term reliability. In addition, it is recommended that PCRWRD be prepared to convert 
to production of a Class A biosolids product should regulations and/or biosolids market conditions (such 
as public perception) change significantly. The time line for this conversion to Class A is not defined as 
no current drivers for Class A have been identified. Indeed, the requirement for Class A may never 
evolve; however, it is recommended that PCRWRD include this potential conversion in its long term 
capital and biosolids management planning. 

The specifics of these recommendations are discussed in the following paragraphs. 

6.1.1 Recommendations for Biosolids Program Diversification 
As discussed above, retaining the current biosolids management program is recommended due to its 
proven reliability and cost-effectiveness. However, recognizing program vulnerability, it is recommended 
that PCRWRD move toward diversification in terms of products and users. Figure 6-1 summarizes the 
current program and one recommended scenario for diversification. 
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Figure 6-1 Recommended Plan for Biosolids Program Diversification 

 

While the current program relies nearly 100 percent on land application of Class B slurry using one 
contractor, the recommended plan for diversification, once fully implemented, would include biosolids 
outlets with capacity to accommodate at least 200 percent of PCRWRD’s biosolids production. By 
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developing biosolids outlets equal to 200 percent of production, PCRWRD is protected against the loss 
of one outlet, as those biosolids could be shifted to other outlets which together would have the capacity 
to accept the increased load. 

Figure 6-1 depicts one plan for diversification; other plans are possible and viable. However as 
represented in the figure, a diversified plan would include the following elements: 
• Existing land application sites, available through the current contractor. 
• New land application sites for Class B product. 
• Mine reclamation with Class B product. 
• Class A dried product. 

Each element is discussed in sub sections 6.1.3.1 through 6.1.3.4. The potential for conversion to an all 
Class A product is discussed in a later subsection. 

6.1.2 Planned Modifications to Ina Road WRF Solids Dewatering Process 
It should be noted that the current plans for upgrading and expanding the Ina Road WRF already 
includes one feature that contributes to diversification – modification of the centrifuge dewatering 
process to allow production of either slurry (similar to current) or dewatered cake. The recommendations 
below assume that these modifications will be implemented and therefore dewatered cake is a biosolids 
product that PCRWRD can produce per the Ina Road Capacity and Effluent Quality Upgrade Final Design 
Report by CH2MHill (January 2011). The expected cake dryness (based on dewatering facility design 
criteria) is 22 percent solids. 

Though capability will exist to produce slurry and cake, input from PCRWRD staff indicates that their 
operational plan will be to produce one or the other. The effort necessary to convert from slurry 
production to cake production to slurry production makes frequent conversion prohibitive. 

6.1.3 Recommended Actions for Program Diversification 
Recommended short term actions are discussed in the paragraphs below. It should be noted that given 
the current viability of the current biosolids management program, there is no strong schedule driver 
that compels PCRWRD to take action by a given date. However, from other agencies’ experience, fully 
developing alternative markets will take time, possibly years. Therefore, it is recommended that 
PCRWRD begin as early as next fiscal year in implementing some or all of these recommendations so 
that the benefits of program diversification can begin to realize and enhance overall biosolids 
management reliability in case an unexpected change occurs in the current program. 

6.1.3.1 Retain Existing Land Application 

It is recommended that the current land application program be retained and supported for as long as it 
remains viable and cost-effective. The reason is to continue to take advantage of the cost-effectiveness 
of the program; virtually any other means of biosolids disposal or beneficial use will be more expensive 
than the current program. 

The existing land application program handles nearly 100 percent of the PCRWRD biosolids production, 
and there are sufficient lands to accommodate more than 100 percent of PCRWRD projected 
production. Therefore, this provides PCRWD with a reliable, high capacity outlet provided it remains 
viable and cost-effective. Section 3 provides a summary of some longer term factors that could 
compromise the viability of the current program. In addition, the following factors, each of which is 
related, may also impact the cost-effectiveness and/or reliability in the short term: 
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• Re-bid of biosolids haul and application contract – periodically, PCRWRD must re-bid these services. 
The current contractor – AvraGro – has been the successful bidder for years. However, this could 
change in an open bid environment. Any new contractor must live-up to the high standards of 
reliability provided by AvraGro; otherwise, the reliability of the program may be compromised. 

• Conversion to dewatered cake – whether or not PCRWRD decides to convert to dewatered cake 
production after the modifications are completed may depend on the re-bidding of haul and 
application services. It is likely PCRWRD will provide bidders the option of working with either product, 
and this could influence the competitive landscape between rival bidders, including AvraGro. For 
example, AvraGro currently only has equipment suitable for slurry application. Another contractor who 
already has equipment suitable for cake application could be at a competitive advantage to bid 
against AvraGro. 

• Growth and development in the current land application area may reduce land availability or create 
public pressure to find alternatives. 

Regardless, it is anticipated that haul and agricultural land application of Class B biosolids will remain 
viable and cost-effective on some level and should continue to as one element of the overall program. 

6.1.3.2 Develop New Agricultural Land Application Sites 

The current biosolids contractor has access to agricultural land in excess of current needs for 
100 percent of projected biosolids production. However, some of this land is unavailable from year to 
year due to conflicts with crop management schedules. Also, some of the land would require a much 
longer haul distance and could impact the cost-effectiveness of the program. And as stated previously, 
some of the close-in land is vulnerable to loss to urbanization. Therefore, it is recommended that 
additional land application sites be developed and permitted. Further, it is recommended that PCRWRD 
begin to use some of these sites for a percentage of the biosolids production. The exact percentage of 
biosolids to be diverted depends on the amount of land available and location of the land (cost of 
hauling). 

These new sites could be developed unilaterally by PCRWRD, in partnership with the biosolids program 
contractor, or through another contractor. Using the same contractor to develop new sites is 
administratively simpler; however, program diversity and hence reliability is improved if PCRWRD or 
another contractor is responsible for these new sites. 

The biosolids market survey identified PCRWRD owned ranches with active agricultural operations that 
could be developed into biosolids land application or reclamation sites. In addition, other lands could be 
identified and developed. In all likelihood, the cost of hauling to these new lands will be more than the 
current haul costs. However, from a reliability perspective, it is recommended that PCRWRD make this 
investment in the short term to promote long term diversity and reliability. 

6.1.3.3 Develop Mine Reclamation 

Conversations with Freeport McMoran, Inc (FMI; see Appendix A) indicated an interest in accepting 
biosolids for mine tailings reclamation. Specifically, biosolids could be used on tailings piles to promote 
permanent vegetation establishment, stabilize slopes, reduce dust, etc. Also, tailings are typically not 
open to public access and therefore the quality of biosolids used for reclamation could be Class B rather 
than Class A (must be confirmed with FMI). The timing of FMI’s need for biosolids relative to PCRWRD’s 
production of biosolids is an important consideration. Biosolids are produced continuously from the Ina 
Road WRF. FMI is implementing a program of “concurrent reclamation” whereby a portion of active 
tailings piles would be reclaimed each year. Thus, through a partnership between PCRWRD and FMI a 
portion of each year’s biosolids production could be sent to FMI for tailings reclamation providing an 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 6  
Summary of 

Recommended Plans 

 

 6-5 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

additional outlet for biosolids for PCRWRD, and a viable and cost-effective material to assist FMI in their 
tailings reclamation program. 

Developing mine tailings reclamation into a viable outlet for PCRWRD biosolids will require investment in 
establishing a working relationship with FMI (and other mining companies who may be interested). It is 
recommended that the first step in establishing that relationship is a tailings reclamation demonstration 
project using Ina Road WRF biosolids at the FMI Sierrita mine site. The demonstration project would 
include a small percentage of the potential biosolids capacity of the tailings reclamation, but sufficient to 
achieve the following objectives: 
• Gain Arizona Department of Environmental Quality (ADEQ) approval for tailings reclamation with 

biosolids. This is a very important consideration for FMI, and would likely require numerous 
discussions with ADEQ prior to, during and after the demonstration project. 

• Determine the most beneficial and cost-effective form of biosolids application – slurry or dewatered 
cake. The haul distance to the FMI-Sierrita mine suggests that dewatered cake will be more cost-
effective than slurry. 

• Test application rates to determine optimum performance for local conditions. 
• Test biosolids application equipment and operational methods. Varying terrain of reclamation sites, 

and the fine texture of the tailings, may influence the choice of application equipment. 
• Confirm that odors will not be an issue. Some tailings piles have advanced toward the Town of Green 

Valley; therefore, FMI wants to confirm that future application of biosolids will not result in an odor 
issue with nearby residents. 

Assuming that the demonstration project yields positive results for both FMI and PCRWRD, the 
relationship can be expanded and mine reclamation can become a reliable outlet for PCRWRD biosolids 
into the future. 

It should be noted that PCRWRD has been providing biosolids to the ASARCO mine for tailings 
reclamation off and on for several years. The biosolids have come from the Green Valley Wastewater 
Reclamation Facility (WRF). The results of the market survey indicate that ASARCO will not likely be an 
outlet for PCRWRD biosolids in the future. Nonetheless, it is recommended that PCRWRD periodically 
make contact with ASARCO and other mining operations in Southern Arizona in order to continually 
explore the potential benefits to both the mines and PCRWRD in mine reclamation using biosolids. 

A successful demonstration with FMI will help stimulate demand for biosolids in mine reclamation. It is 
important for PCRWRD to have technical support for designing and monitoring the demonstration. 
Support could be provided by the University of Arizona, a consultant with specific experience in mine 
tailings reclamation using biosolids, or a combination of the two organizations. Design considerations 
include determining the best operational approach from application of biosolids through tillage and 
planting. Two to three application rate variables plus a control plot with commercial fertilizer should be 
provided. Biosolids application rates will be in the range of 10-20 times higher than a typical agricultural 
rate on a one-time basis. Monitoring environmental effects including nutrients, metals, and possibly 
bacteria will be a critical part of the study. 

6.1.3.4 Develop Class A Dried Product 

It is recommended that PCRWRD also begin to diversify the biosolids products it produces. One 
opportunity for diversification is to produce a Class A product that could be recycled within the local 
community as a soil amendment. A Class A product could be produced by thermophillic digestion, solar 
drying, or a combination of the two. 
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It is recommended that production of Class A dried product be considered for inclusion in PCRWRD’s 
plan for biosolids program diversification. This recommendation is based on the interest in Class A 
product expressed by multiple potential users of biosolids during the market survey portion of this study. 
Development of a robust market for dried biosolids product provides another outlet for biosolids which 
contributes to program diversity and long term reliability. However, development of a robust market for 
dried product requires an investment in 1) technology/facilities to produce the dried product, and 
2) marketing of the product to potential users. Therefore, it is further recommended that PCRWRD invest 
in a demonstration scale project to produce sufficient dried product to provide to potential users on a 
trial basis. There are two primary objectives of a demonstration scale dried product project: 
1. Develop interest and demand for the dried product. 
2. Demonstrate the technology at a small scale, for a modest capital investment, in order to better 

define design criteria for a larger, production scale system. 

Each is discussed below. 

Develop Demand for Dried Product. Potential users of dried biosolids include municipal parks, golf 
courses, turf farms, nurseries, etc. In all cases, potential users will want to “try-out” the material to 
confirm that it will be beneficial to their operations and/or more cost-effective than commercial fertilizer, 
topsoil, etc. Production of a small quantity of dried product through a demonstration scale project 
provides samples for distribution to potential users. It is recommended that between 300 and 400 cubic 
yards of dried product be produced per year in order to distribute sufficient material to demonstrate the 
value to potential users. If the dried biosolids product performs well, then presumably the user will be 
interested in more. If multiple users have a positive experience using the dried product, then the 
demand will likely justify a larger investment in facilities to produce dried product. On the other hand, if 
demand for the product fails to materialize, PCRWRD’s investment in drying facilities is limited to just the 
demonstration scale facilities, and further investment is not justified. 

Demonstration Scale Technology/Facilities for Dried Product Production. The objectives of 
implementing a demonstration scale drying facility are 1) produce sufficient quantity of dried product to 
distribute to potential users on a trial basis, and 2) demonstrate the technology in order to develop 
sound design criteria for potential development of a production-scale drying facility. Also, operation of 
the demonstration scale facility will also provide valuable information on key operational parameters. 
This is especially important in terms of confirming the operational requirements necessary to achieve a 
Class A dried product. 

The detailed evaluation of short-listed alternatives in Section 3 considered the production of Class A 
dried product for part of PCRWRD’s biosolids output using enhanced solar greenhouse drying. As shown 
in the detailed evaluation of short-listed alternatives in Section 3, the capital costs for enhanced solar 
greenhouse drying is high. Other types of drying are available, namely thermal drying using an external 
fuel source (e.g. natural gas), or biogas produced at Ina Road WRF. The cost of thermal drying is also 
high, both in terms of capital costs and operational costs (or in the case of using biogas, the lost 
potential for other beneficial uses of biogas). Also, thermal drying based on the combustion of a fuel, 
regardless of source, has air permitting implications that could further increase the cost of thermal 
drying. Therefore, it is recommended that solar green house drying technology be explored first for 
implementation at a demonstration scale at Ina Road WRF. If solar greenhouse drying proves to not be 
cost-effective, then thermal drying should be considered. At that time the cost in terms of fuel can be 
better evaluated. 

It is recognized that production of a Class A dried product at any scale will be significantly more 
expensive, on a unit cost basis (i.e. dollars per dried ton), than the current program costs or the costs of 
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the other potential diversification options. As such, this can be considered a lower priority than 
developing the other options. Nonetheless, in the long term the development of a robust market for dried 
product will contribute to the diversity and reliability of PCRWRD’s biosolids management program. 

Note also that any drying technology will require dewatered cake as a feedstock to the dryer; it is not 
practical to feed slurry to a dryer to produce a dried product as too much energy will be required to 
evaporate the additional water in a slurry product. Therefore, PCRWRD’s decision to produce only 
dewatered cake, or slurry will determine whether it is practical to implement a drying demonstration 
project. 

6.1.4 Future Conversion to Class A Digestion 
The current program of land application of biosolids requires only Class B quality biosolids. The 
recommended actions for diversification discussed above also require only Class B biosolids (it is 
assumed the process to produce Class A dried biosolids starts with Class B feed stock). 

However, as discussed previously, various changes in the regulatory and/or public perception arena may 
require production of Class A biosolids at some time in the future. Under these circumstances, it is 
recommended that all biosolids produced from the Ina Road WRF be Class A. By making this conversion, 
biosolids outlets will not be constrained by product classification, and program reliability – in terms of 
outlets for biosolids - can be maintained. 

One method to achieve Class A quality is conversion of the anaerobic digestion process at Ina Road WRF 
to a thermophilc batch process, as described in Section 3. Specifically, the digesters would be operated 
at thermophilic temperatures (over 130 deg F), and the flow scheme of solids through the process would 
be changed so that at least 3 tanks are operated in a batch mode so that the regulatory time-
temperature requirements of the 40CFR, Part 503 regulations are met (specifically, Class A Alternative 1 
for sewage sludge less than 7 percent solids). This process modification offers the following advantages 
to PCRWRD: 
• By converting the base solids treatment system at Ina Road WRF to a Class A process, all solids 

produced will meet Class A standards. This should remove many restrictions for most if not all 
biosolids beneficial use outlets. 

• Biosolids beneficial use options available to PCRWRD will remain viable after conversion to Class A. 
• Existing infrastructure investment at the Ina Road WRF is fully utilized; preliminary evaluations 

indicate that the 4 existing digester tanks, plus the 2 new digester tanks being constructed as part of 
ROMP will be sufficient to provide thermophilic digestion, and provide batch operation to meet Class 
A standards, for projected 2030 biosolids production. 

Implementing this process modification will require capital improvements to the digesters and support 
facilities; these modifications are described in Section 3, and include: 
• Additional and/or higher capacity heat exchangers. 
• Solids transfer pumping and piping between digesters. 
• Conversion of floating covers to fixed covers. 
• Insulation on the 4 existing digesters. 

In addition, operation at thermophilic temperatures will require more heat energy input to the digestion 
process. This will result in either: 
• Use of more biogas for meeting the higher thermal needs of thermophilic digestion, making less 

biogas available for beneficial use and revenue production; or 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 6  
Summary of 

Recommended Plans 

 

 6-8 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

• Purchase of an alternative fuel (e.g. natural gas) to meet the thermal demands, which adds operating 
cost to the biosolids program. 

Due to the capital costs involved, and the additional thermal energy demands, it is recommended that 
conversion to Class A digestion not be implemented until circumstances indicate this will be required. 
Examples of these “triggers” to move to Class A include the following: 
• Regulatory changes, most likely at the state level, that would require Class A biosolids for the 

beneficial use outlets used by PCRWRD. 
• Change in public perception/expectations of the biosolids program such that conversion to Class A 

biosolids is considered mandatory in order to retain the beneficial use outlets being relied upon by 
PCRWRD. This has been the most common scenario in other states where public agencies have been 
forced to convert to a Class A process in order to continue to utilize biosolids outlets (i.e. land 
application) in another agency’s jurisdiction. 

Fortunately, there is no current evidence to indicate that a conversion to Class A will be required anytime 
in the foreseeable future. Further, by maintaining a well-managed biosolids program, with appropriate 
public outreach to continually demonstrate the value of PCRWRD’s program using Class B biosolids, 
PCRWRD can proactively avoid being put in a position where conversion to Class A is required due to 
public pressure. Nonetheless, it is recommended that PCRWRD continually monitor regulatory trends, 
and public opinion trends in order to identify as early as possible a potential shift in requirements. 

If and when conversion to Class A is required, it is recommended that PCRWRD re-consider technologies 
for producing Class A biosolids. Other options besides thermophilic batch operation which could offer 
operational and cost advantages. Regardless, it is estimated that full implementation of a conversion to 
Class A digestion will require 3–4 years (including design and staged construction while maintaining the 
Class B digestion process). Therefore, early identification of changes requirements will be important to 
avoiding disruption to the biosolids program while the conversion to Class A is in progress. 

6.1.5 Side Stream Treatment 
During the course of this master planning effort, information has been developed/presented that has led 
to PCRWRD’s interest in improvements not directly related to biosolids utilization, but potentially 
important to PCRWRD’s overall wastewater treatment operations. Side stream treatment has been 
identified as a potential new process for the Ina Road WRF to help manage nitrogen (and ultimately 
phosphorus) loads that are returned to the liquid treatment process at the Ina Road WRF. 

Currently, digested solids are thickened to approximately 8 percent solids using the existing centrifuges 
at the Ina Road WRF. The anaerobic digestion process results in the conversion of organic nitrogen and 
phosphorus to soluble forms which pass into the centrate through the dewatering process. Centrate is 
returned to the liquid treatment process for treatment. The high concentration of ammonia and 
phosphorus compounds in the centrate imposes a significant burden on the liquid treatment processes 
at the Ina Road WRF. The loads will be greater if/when Ina Road WRF converts to digested solids 
dewatering (rather than thickening) resulting in more liquid and loads being returned to the Ina Road 
WRF. 

According to CH2MHill, the designers of the Ina Road WRF upgrade and expansion, the process design 
for the Ina Road WRF accommodates these side stream loads. A centrate storage system has been 
included in the design to “dampen” out the loads over time, especially when solids dewatering is 
occurring for only part of each day. However, separate side stream treatment – where ammonia and/or 
phosphorus loads could be reduced - could provide the following additional advantages: 
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• Reduced cost of operations of the liquid treatment processes. 
• More reliable operation of the liquid treatment process, in terms of consistently meeting permit limits. 
• Potential recovery of nutrients as a marketable product (this depends on the process selected for 

side stream treatment). 

These potential benefits must be weighed against the added capital and operating cost of side stream 
treatment. 

For these reasons it is recommended that PCRWRD investigate side stream treatment through an 
independent study. The objectives of the study will include: 
• Assess the cost-effectiveness of side stream treatment for Ina Road WRF; that is, to what degree will 

liquid stream treatment be improved through the implementation of side stream treatment. 
• Evaluate alternative processes for side stream treatment. 
• Determine the timing for implementation; that is, will side stream treatment be more cost effective 

later when flows and loads to Ina Road WRF have increased closer to design loads. 

There are many process options for side stream treatment. The following are only a few of the potential 
process categories that could be considered in a side stream treatment study: 
• Physical/chemical (Struvite recovery via a proprietary process marketed by Ostara, or others). 
• Biological nitrogen removal based on specialized Anammox bacteria. 
• More conventional processes, such as Sequencing Batch Reactors and activated sludge, modified 

specifically for application to side stream treatment. 

Some process options are proprietary. Therefore, consideration of project delivery options (alternative 
delivery versus conventional Design-Bid-Build) should also be included in the study. 

6.1.6 Summary of Biosolids Recommendations 
Table 6-1 below summarizes the master plan recommendations for biosolids management, including 
recommendations for program diversification and future improvements to implement Class A digestion. 
For capital funding purposes, capital cost estimates are provided where appropriate; not all 
recommendations have a capital cost associated with them – see comments in the table. In addition, 
side stream treatment is included as a recommendation and a capital cost estimate is provided as an 
allowance. A separate study is recommended initially to determine whether side stream treatment is 
feasible and beneficial for Ina Road WRF, and what process is most appropriate. Once this is completed, 
and side stream treatment is confirmed, then a more accurate estimate of capital costs can be provided. 

Finally, it is recommended that PCRWRD consider assigning a person or group to direct and manage the 
diversification of PCRWRD’s biosolids beneficial use program. The specific assignments of this position 
may include the following: 
• Manage re-bidding current biosolids haul and agricultural land application contract, with inclusion of 

dewatered cake as a product option. 
• Development of demonstration projects as discussed above for purposes of diversification. 
• Manage public outreach to highlight the benefits of PCRWRD’s biosolids program to rate payers and 

the regional environment. 
• Marketing of biosolids products to potential users (in addition to current and re-bid agricultural land 

application program). 
• Maintain dialogue with ADEQ to stay abreast of any potential changes in regulations that could impact 

biosolids management in the future. 
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Table 6-1. Summary of Biosolids Utilization Master Plan Recommendations 
with Estimated Capital Cost Allocation 

Recommendation Estimated Capital Cost 
dollars (see note ) Recommended Timing Comments 

Recommendations for Program Diversification 

Retain Existing Land Application See Comment Ongoing 

There is no capital cost associated with this 
recommendation assuming the current system of 
haul and application through a contractor is 
retained. 

Develop New Land Application $1 Million Implement over 5 years 

Capital cost should be considered an allowance, 
and assumes PCRWRD purchases equipment for 
new land application sites. Cost does not include 
purchase of land. Capital costs will vary 
depending on the capacity of sites quantity of 
biosolids allocated to these sites. Capital costs 
may be zero if haul and application is contracted 
similar to current. 

Develop Mine Reclamation See Comment Initiate dialogue with FMI immediately; target 
pilot program starting 2013 

It is assumed that haul of biosolids to mine site 
for pilot program can be accomplished using 
current contractor, or use equipment for new 
land application sites. 

Develop Class A Dried Product 
(demonstration project) $2.5 Million Initiate planning for a  demonstration scale 

project in 2013 

Estimated cost based on 150 dry ton per year 
(300 – 350 cubic yards per year) demonstration 
scale solar greenhouse dryer system. An 
equivalent sized thermal dryer for demonstration 
purposes is estimated to cost approximately 
$4-5 million. 

Future Conversion to Class A $10 Million Undefined; when needed 

Capital costs are to convert existing digesters to 
operate thermophically in a Class A digestion 
mode (partial batch). Another Class A conversion 
process may be viable.  

Implementation of Side Stream Treatment $2.5 Million Timing to be defined by side stream treatment 
evaluation 

Capital cost shown is a placeholder allowance; 
separate study of side stream treatment options 
will determine 1) if side stream treatment is 
feasible and cost effective, and 2) capital cost, 
assuming PCRWRD led project delivery. 

Note: Capital cost estimates were developed in 2011; escalation has not been included. These are planning level cost estimates, not based on detailed design development. 
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6.2 Biogas Utilization – Gas Upgrading and Sale Preserves 
Opportunities for Other Future Uses 

In Section 4 a wide range of biogas utilization alternatives were considered, including using conditioned 
biogas as fuel for on-site cogeneration, upgrading the gas to pipeline quality and selling the gas for 
revenue, and using a portion of the upgraded gas as vehicle fuel. The conclusions from the evaluation in 
Section 4, including substantial input from PCRWRD is that gas upgrading and sale is the recommended 
alternative for biogas produced at the Ina Road WRF. Further, with input from a team of gas consultants, 
a financial consultant, and input from PCRWRD, it is recommended that this system be implemented 
through the engagement of a third party private entity that would Design-Build-Finance-Own-Operate 
(DBFOO) the facility while providing PCRWRD revenue for the raw biogas. The paragraphs below further 
describe these recommendations. 

6.2.1 Advantages of Gas Upgrading and Sale 
The evaluation in Section 4 identified the following as the most significant advantages that gas 
upgrading and sale offers PCRWRD: 
• Best potential for positive economic return on PCRWRD’s capital investment in gas upgrading 

facilities, provided gas can be sold at a premium price over the commodity cost of natural gas. 
• Least complicated impact on air permitting for the Ina Road WRF. 
• Provides flexibility for use of upgraded gas for other uses, such as vehicle fuel; once the biogas is 

upgraded to pipeline quality it can be used for any purpose that natural gas is used. PCRWRD is 
interested in converting a portion of their fleet vehicles to operate on compressed natural gas (CNG), 
and by upgrading biogas to pipeline quality. PCRWRD will have the opportunity to divert a portion of 
their upgraded biogas for use as vehicle fuel. 

• Unlike on-site generation of electric power using biogas as a fuel, gas upgrading and sale does not 
compromise PCRWRD’s negotiated power purchase tariff with Tucson Electric Power. 

• From the perspective of design, equipment delivery and construction (and permitting) this alternative 
is the simplest and likely the quickest to implement. This is an important consideration so as to 
minimize the time that biogas will be flared at Ina Road WRF (after the existing Energy Recovery 
Facility is shut-down and prior to full-implementation of gas utilization). 

• Properly designed, the gas upgrading system will have the capability to accommodate a wide range in 
biogas production rates without flaring. 

The following section provides a brief overview of the proposed configuration of a gas upgrading facility 
for Ina Road WRF. 

6.2.2 Gas Upgrading Facilities – Proposed System Configuration 
The gas upgrading system will be configured around a vendor designed and provided gas upgrading 
technology. Likely technologies include Pressure Swing Absorption (PSA), water solvent systems, 
membrane systems, and amine systems. Selection of the most appropriate upgrading technology will be 
made at the time of implementation. Each type of technology will likely be provided as a vendor-
engineered, pre-packaged system that would be installed at the Ina Road WRF and connected to raw 
biogas supply. Connection and integration of the gas upgrading system with the Ina Road WRF would 
require site-specific engineering and construction. 
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It is further recommended that the gas upgrading facilities be designed to treat all biogas produced at 
the Ina Road WRF. Though some biogas may be required for use at the Ina Road WRF Central Plant in 
order to meet the plant’s thermal energy demands, there are advantages for having all biogas treated to 
pipeline quality and then diverted to the Central Plant. These include the following: 
1. Use of biogas in boilers requires some treatment in order to remove hydrogen sulfide, moisture and 

siloxanes so as to reduce the frequency and cost of boiler maintenance. 
2. Having separate gas conditioning process dedicated to boiler operation adds another separate 

process to the plant that must be operated and maintained. 
3. Though boilers do not require removal of carbon dioxide, removal of carbon dioxide is not 

detrimental to the boiler; in fact, natural gas is provided as a back-up fuel for the boiler. 
4. Due to the expected wide fluctuations in Central Plant fuel demand (due in part to seasonal variation 

in thermal demands), the gas upgrading facilities will need to be designed for full gas production in 
order to accommodate periods when biogas production is high and Central Plant fuel demand is low. 
Consequently, there is no capital cost advantages for the gas upgrading process by diverting some 
biogas to the Central Plant prior to gas upgrading; that is, the gas upgrading facilities must be sized 
for the maximum biogas production regardless. 

The Central Plant design is being completed concurrently with the completion of this master plan; it is 
understood that the Central Plant design includes the ability to use either raw biogas or natural gas as 
the boiler fuel. Due to item 4 above, this design decision does not materially impact the 
recommendations or sizing of the biogas upgrading facilities recommended in this report. 

Key features of the recommended gas upgrading system include the following: 
• Raw biogas pre-conditioning, including hydrogen sulfide removal. Hydrogen sulfide must be removed 

either upstream or downstream of the gas upgrading system to meet pipeline quality. Some gas 
upgrading systems require removal upstream to prevent damage to downstream components. Likely 
technologies include iron sponge or other chemical treatment systems. Multiple units, plus a spare, 
are recommended so that units may be taken out of service and maintained periodically without 
impacting gas upgrading capacity. 

• Gas upgrading equipment. The proprietary gas upgrading systems are designed to remove carbon 
dioxide, but will also remove moisture and siloxanes. The gas quality specification for the final 
upgraded gas product will be determined by the company who owns and operates the pipeline into 
which the upgraded biogas will be injected. Multiple gas upgrading units are recommended so that 
units may be taken out of service and maintained periodically while maintaining at least partial 
biogas upgrading capacity. As a minimum, redundancy in critical and higher maintenance 
components of the gas upgrading systems are recommended to be installed each with a capacity of 
one half of the peak day gas flow in 2040 (assuming a 1.3 multiplier of average gas production). This 
would provide an upgrading capacity of 65 percent of the average gas production in 2040 with one 
system offline for maintenance. 

• A small thermal oxidizing flare is provided with the PSA systems or membrane systems to remove 
residual methane in the off-gas released from the cleaning process. The water solvent system or 
amine system would emit very small quantities of methane similar to an enclosed flare. 

• Odorizing station. Prior to discharging into the utility pipeline, the upgraded biogas must be odorized 
similar to natural gas. 

• Gas quality monitoring equipment. The quality of the upgraded biogas must be continually monitored 
to ensure it meets pipeline specifications. 
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• Compression station and pipeline for delivery to the natural gas pipeline. Each gas upgrading 
technology includes compression to drive the upgrading process. Additional compression is required 
to raise the pressure at or slightly above pipeline pressure (350 pounds per square inch gauge (psig) 
for Southwest Gas). Similar to the gas upgrading system, a minimum of two compressors are 
recommended each with a capacity of one half of the peak day gas flow in 2040 (assuming a 
1.3 multiplier of average gas production). 

• Various utilities necessary to support the gas upgrading process – electric power, controls, plant 
water, and process and stormwater drains. The gas upgrading facilities can be located outdoors. 
Road access to the location of the gas upgrading facilities should be designed to accommodate heavy 
equipment for lifting and maintaining the largest pieces of the system. 

The estimated capital costs for implementing the gas upgrading system is summarized in Table 6-2 
below. It should be noted that the estimated capital costs shown in Table 6-2 are lower than those 
developed for biogas utilization alternatives development presented in Section 4. During development of 
the financial modeling and risk assessment (see Appendix F), and with input from gas consultants (see 
section 6.2.4. below), it was noted that the estimated capital costs developed in Section 4 may be high 
relative to industry experience. Based on this feedback, the assumptions used in developing the capital 
cost estimates were re-evaluated, and modified. The major changes to capital cost estimating 
assumptions are summarized below: 
• Changed staging configuration from installing 3 gas upgrading units at 650,000 standard cubic feet 

per day (scfd) capacity each in 2014 and 1 additional unit in 2024, to installing 2 units at 
1,000,000 scfd capacity each in 2014. Total installed capacity in 2014 will be 2,000,000 scfd. 
No additional units are required in the future. 

• Changed staging configuration from installing 3 final compressors at 430,000 scfd capacity each in 
2014 and 1 additional unit in 2024, to installing 2 units at 580,000 scfd capacity each in 2014. Total 
installed capacity in 2014 will be 1,160,000 scfd. No additional units are required in the future. 

Installing fewer but larger units reduce overall capital costs somewhat. These modifications reduce 
redundancy and peak capacity. The changes also reduce capital cost significantly and are deemed 
acceptable based on the following reasons: 
• The average gas production in 2030 is expected to be 1,539,000 scfd. The installed system will be 

able to handle peak productions up to 1.3 times the average gas production in 2030 with both gas 
upgrading systems and both final compressors on line. 

• With one of the gas upgrading systems or final compressors off line, the system will still have capacity 
for 65 percent of the average gas flow in 2024. 

• Based on observations in the industry, most gas upgrading systems do not have full redundancy. 
Redundancy of compressors or lead/lag type installation like that described above is common. 

• With the redundancy described above, it is estimated that the installed system will provide 
99 percent availability (less than 4 days per year of complete downtime); this maximizes the amount 
of product biomethane gas generated from the investment. 
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Table 6-2. Estimated Capital Costs for Digester Gas Upgrading Equipment in 2014 

Equipment Costs Water Solvent  
(Flotech – Greenlane), $ 

Equipment Costs   

Packaged biogas upgrading systems cost (2 x 1,000,000 scfd) a $3,500,000 

Product gas compressors cost (to 350 psig) b $460,000 

Gas analyzer and odorizer $100,000 

H2S removal c $550,000 

Additional valves and instruments for pipeline connection $100,000 

Instrument air compressor $10,000 

Total equipment $4,720,000 

Equipment Installation Costs (no electrical) e $150,000 

Earthwork, Concrete, Cover and Piping Costs d (including 12% contractor mark-up) $270,000 

Electrical and I&C Cost (20% of equipment subtotal, 18% of earthwork, etc) $990,000 

Total Installed Cost $6,130,000 

Contractor general conditions (10% of Subtotal) $610,000 

Start-up testing, bonds, insurance (7% of Subtotal) $470,000 

Sales tax (6% of Subtotal) $430,000 

Contingency (20% of Subtotal) $1,160,000 

Total Estimated Construction Cost $8,810,000  

(a) Estimated cost for two 1,000,000 scfd Greenlane systems from Flotech  
(b) Estimated cost for two, 580,000 scfd compressor packages 
(c)  Budgetary for two dual 11 foot diameter iron sponge removal systems from Marcab 
(d) Assumes 2-inch steel pipe to convey biomethane to Southwest Gas Corporation (SWG) distribution main in Ina Road. 

SWG would “wheel” biomethane to El Paso NG pipeline for conveyance to premium markets (must be confirmed with 
SWG) 
 

Note that this summary includes the assumption that gas upgrading equipment would not be installed in 
stages. As described above, two gas upgrading systems with final compressors would be installed in a 
single stage to provide sufficient capacity into 2040. Two units are expected to provide sufficiently high 
turndown capabilities when first brought online, but turndown capacity should be verified during detailed 
design. 

In addition, annual operations and maintenance costs were estimated for the proposed biogas 
upgrading system. These are presented in Table 6-3 below. 
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Table 6-3. O&M Costs for 2014 

Category Annual Cost 

Gas Upgrading Maintenance 76,509 

Hydrogen Sulfide Removal 150,000 

Gas Sep and Compression Elec 187,450 

Final Compression Maintenance 3,982 

Operator Cost 51,675 

Total Annual O&M Costs $496,616 

General O&M Inflation 2.28% 

Energy Inflation 2.28% 

 

As noted in Table 6-2 above, the capital cost estimate is based on the Flotech-Greenlane gas upgrading 
system, which is a water solvent based technology for upgrading biogas to pipeline quality biomethane. 
PCRWRD requested an additional estimate be prepared based on the Guild Associates, Inc. (Guild) 
Pressure Swing Abosrption (PSA) system. This estimate is summarized in Appendix I. Besides using a 
different technology, the Guild system estimate was based on a lower system capacity (in terms of raw 
biogas flow) than the estimate based on Flotech-Greenlane. This Guild based estimate is approximately 
$6.7 million and demonstrates the potential wide range in capital costs depending on the technology 
used and the specific design criteria applied to the technology. See Appendix I for further discussion of 
the differences between the estimate provided in Table 6-2 and the Guild system based estimate. 

6.2.3 Flexibility for Future Use of Upgraded Biogas as Vehicle Fuel (BioCNG) 
Pima County is very interested in converting at least a portion of its vehicle fleet to CNG. As Pima County 
currently has no CNG compatible vehicles, it is expected that this conversion will occur over time as 
vehicles are replaced. PCRWRD is in turn very interested in diverting some of its biogas to use as vehicle 
fuel. By implementing the gas upgrading system as described above, PCRWRD retains the flexibility to 
use upgraded biogas as vehicle fuel (termed BioCNG). 

Besides acquiring vehicles that are compatible for use on CNG (and BioCNG), PCRWRD will need to 
invest in the following to implement BioCNG for vehicles: 
• Construct fueling stations for dispensing the BioCNG. These include not only the actual fuel 

dispensing equipment but also compression equipment (typically CNG is compressed to over 
3600 pounds per square inch for storage in cylinders at the dispensing location). 

• To make the BioCNG most available to PCRWRD vehicles, multiple dispensing locations, at strategic 
locations around Pima County would be needed. There is currently a liquid fuel dispensing station at 
Ina Road WRF; this is one likely location of a BioCNG dispensing station. However, not all Pima County 
vehicles have convenient access to the Ina Road WRF site. Other locations are needed and upgraded 
biogas would need to be “wheeled” through gas utility pipelines to these other locations. [Note: 
“wheeling” refers to putting a certain quantity of a commodity – in this case upgraded biogas – into 
the pipeline at one location and removing an equivalent quantity of the commodity at another 
location.] 
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• Pipelines to convey the CNG (BioCNG equivalent) from the utility pipelines to each fuel dispensing 
station. Obviously, minimizing the distance from the distribution pipeline to the dispensing station is 
strongly preferred to decrease the cost of implementing the vehicle fueling system. 

The commodity price of natural gas is currently very low. This makes conversion of fleet vehicles to CNG 
attractive. However, with such low natural gas prices, the cost to upgrade biogas for use as BioCNG in 
vehicles may be higher than the cost to buy natural gas for use as CNG. On the other hand, the positive 
public relations value of PCRWRD “advertising” that a portion of its fleet is fueled with biogas from its 
wastewater treatment operations may be substantial. 

PCRWRD’s decision on whether to invest in fleet conversion to CNG is independent of PCRWRD’s 
decision to invest in biogas upgrading to pipeline quality. Given PCRWRD’s interest in vehicle fleet 
conversion to CNG, it is recommended that this proceed independently from PCRWRD’s biogas utilization 
implementation. If both are implemented – biogas upgrading to pipeline quality, and vehicle fleet 
conversion the CNG – then the decision whether to divert upgraded biogas to vehicle fuel can be made 
on its own merit at the time. 

6.2.4 Considerations in Implementing Biogas Upgrading and Sale to Balance PCRWRD’s 
Risk With Potential Economic Gain 

The evaluations summarized in Section 4 and 6.2.1 above lead to the recommendation for PCRWRD to 
implement biogas upgrading to pipeline quality (termed biomethane, or renewable natural gas - RNG) at 
the Ina Road WRF. In order for PCRWRD to follow through on this recommendation, consideration of both 
the marketing of the biomethane product as well as the delivery method of actually constructing and 
operating the biogas upgrading facility must be considered. The objectives in evaluating marketing and 
project delivery options is to achieve an appropriate balance between potential economic gain for 
PCRWRD through the sale or beneficial use of biomethane and the risk associated with implementing 
this type of a system (i.e. capital cost). 
• In order to develop and evaluate marketing and delivery alternatives, the following specialty 

consultants were engaged: natural gas and biomethane marketing consultants: 
− Mr. Dave Jones, DMJ Gas Marketing Consultants, LLC 
− Ms. Diane L. Saber, Ph.D., REEthink, Inc. 

• Financial modeling and risk consultant, Raftelis Financial Consultants, Inc. 

In addition, legal input on delivery options was provided by Hawkins, Delafield and Wood, Inc under a 
separate agreement with PCRWRD. 

The results of the consultant input and evaluations demonstrated that biomethane marketing and 
project delivery are linked, and in order to achieve PCRWRD’s objectives of balancing economic return 
with risk each must be considered together. The sections that follow summarize the input received from 
consultants, the marketing/delivery alternatives developed and evaluated, and the recommendations 
that evolve from the results of these evaluations. 

6.2.4.1 Biomethane Marketing Considerations 

Mr. Dave Jones and Ms. Diane Saber were retained to provide input on the marketability of biomethane, 
potential markets for biomethane, and considerations that may impact the marketability of biomethane 
produced by PCRWRD. Each consultant is active in the natural gas and biomethane marketplace; 
working with natural gas and biomethane producers, buyers, and transmission companies is the core 
business for each consultant. 
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Each consultant was asked to provide responses to various questions related to the marketability of 
biomethane, and the factors that influence the value and demand for biomethane in the marketplace. 
The questions were developed jointly by Brown and Caldwell and PCRWRD. The questions and responses 
are provided in Appendix E. 

Key input received from the consultants and impacting PCRWRD’s decision of how to implement biogas 
upgrading and sale are summarized below: 
• The interest in biomethane as a commodity of value appears to be growing. 
• The interest is driven 1) by state mandates to meet renewable portfolio standards for power 

generation; 2) mandates to meet renewable fuel standards for vehicle fleets; and 3) desire by 
corporations and public agencies to “go green” for the public relations value. 

• Interest in using biomethane as vehicle fuel appears to be growing. 
• Where biomethane “competes” against natural gas as a fuel source, the value for the biomethane is 

low, largely because the commodity value of natural gas is low; where biomethane “competes” 
against other forms of renewable energy (e.g. wind power, geothermal power, etc) the value of 
biomethane is higher, due to the higher cost to produce power from these other renewable sources. 

• Prior to March 2012, California represented the most robust market for biomethane; prices paid for 
biomethane to meet state mandated renewable portfolio standards was several times the commodity 
price for natural gas; see below for changes since March 2012. 

• The most important factor impacting the marketability and value of biomethane is gas quality; in 
order to inject biomethane into the gas transmission companies’ pipelines, strict gas quality 
specifications must be met; continual monitoring of gas quality is required. 

• Biomethane purchase arrangements and agreements vary substantially with the producers and 
buyers; there is no “standard” agreement in the marketplace, each agreement is negotiated 
independently. 

• An important consideration in any agreement is the cost to transport biomethane through natural gas 
transmission pipelines from the point of production to the point of use. Termed “wheeling” the cost of 
transmission can vary between $0.10 and $0.70 per million British Thermal Unit percent of the value 
of the biomethane. 

The Consultant’s responses were provided in February 2012. In March 2012, the California Energy 
Commission (CEC) issued a moratorium on imported biomethane being used as a fuel source for power 
generation for meeting California state mandated renewable portfolio standards. The effect of this 
moratorium was to eliminate one significant and viable market for biomethane, at least for the 
foreseeable future. Further consultation with Ms. Saber and Mr. Jones provided some clarification of how 
the CEC moratorium might impact the marketability of PCRWRD’s biomethane once implemented, as 
summarized below: 
• The high prices being paid in California for biomethane prior to the CEC moratorium cannot be relied 

upon moving forward. 
• There remains a market for biomethane due to reasons stated above, i.e. desire for public relations 

value for using green energy, renewable standards in states other than California, continued interest 
in biomethane for use as vehicle fuel. 

• The marketplace for biomethane may still provide a premium value over the commodity price for 
natural gas due to the reasons stated above. 
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6.2.4.2 Potential Biomethane Delivery and Marketing Scenarios 

The following paragraphs summarize the project delivery and biomethane marketing scenarios evaluated 
for the implementation of the recommended biogas utilization system. These are described more 
completely in Appendix D. 

Historically, under the general alternative project delivery methods, many PCRWRD projects utilized the 
traditional Design-Bid-Build procurement methods. In recent years PCRWRD also implemented projects 
using Construction Manager at Risk and Design-Build or Design-Build-Operate methods for a variety of 
reasons. The most common reasons appear to be the need to improve project quality, reduce costs, 
accelerate schedules, and avoid litigation. In the recent past, state or local legislation has prohibited the 
use of alternative project delivery, but this is not the current situation in Arizona where alternative 
Design-Build project delivery has been successfully employed. PCRWRD has had recent experience and 
success with alternative project delivery methods. 

Alternative project delivery methods are being considered for the Design-Build-Finance-Operate, and 
ownership of a biogas upgrading facility (Facility). Accelerated schedules or reduced costs are not the 
motivating factors in this project; however, alternative approaches are being considered because of the 
nature of the project which ultimately results in the marketing and sale of biomethane. PCRWRD is 
considering alternative delivery approaches to evaluate the estimated revenue potential of biomethane 
against the inherent risk of such an operation. This project is less capital intensive; instead it combines a 
process, namely cleaning raw biogas to the level of market grade natural gas (biogas upgrading), and a 
marketing element, selling biomethane to potential users. 

Potential alternative project delivery methods were reviewed and narrowed to two approaches for the 
financing and operation of the Facility. Since this project is a multi-faceted project including a marketing 
of biomethane component, the first approach, PCRWRD financed approach, is evaluated in two separate 
ways. The project delivery methods are described in the following sections. 

6.2.4.3 PCRWRD Financed Approach – Design-Bid-Build or Design-Build with PCRWRD Operations 

This structure is the traditional method of project delivery being used successfully for most water and 
wastewater capital projects in the U.S. This method involves three basic participants: the design 
professional, the general contractor, and PCRWRD (the operating agency). Facilities are then operated by 
PCRWRD staff. 

In the first step of this method, a design professional is retained through a qualifications based submittal 
process. Its responsibilities include determining facility requirements for PCRWRD, including (implicitly) 
many of the risk elements of the project. The design professional is responsible for the engineering 
design of the facility and the development of contract documents for competitive bidding by PCRWRD. 

In the second step, bids are tendered in conformance with the contract documents and the lowest 
responsive, responsible bidder is selected, without negotiations, to construct the facilities. Either the 
design professional, an independent engineer, or PCRWRD staff assures that the builder’s performance 
is in compliance with the contract documents and assists in resolving any issues and/or conflicts. 
PCRWRD retains design liability. 

Relationships of responsible Design-Bid-Build parties are illustrated in Figure 6-2. 
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Figure 6-2 Traditional Design-Bid-Build Project Delivery Method 
with PCRWRD Operations 

 

For this particular project, Brown and Caldwell in association with the natural gas consultants, Dave 
Jones of DMJ Gas Marketing and Diane Saber, Ph. D. of REEthink inc. advised that the Facility may be 
more of a packaged turn-key facility with relatively little construction on site that would require design 
and construction by subcontractors. Therefore, the traditional two-step process of Design-Bid-Build 
described above may be simplified by the implementation of such a facility. 

The Facility may be more expeditiously and effectively designed and built if there is a single entity 
contracted to provide both design and construction services. PCRWRD usually develops performance 
requirements for use in securing a design-builder. The design-builder contracts directly with 
subcontractors and is responsible for delivery and performance of the project, and specifically assumes 
design as well as construction liability. Selection of the design-builder is based on the proposal offering 
the best value to PCRWRD, in terms of qualifications, technical and business merit, and project costs. 
Independent technical, legal and/or financial consultant(s) may serve as PCRWRD’s agent(s) in 
managing the procurement process, establishing performance criteria, and monitoring performance. A 
conceptual to preliminary design (10 to 30 percent) may be prepared at the direction of PCRWRD to 
detail the prescriptive and performance requirements of the project. The Design-Build contract is 
negotiated based on a formal Proposal. 

This delivery method requires PCRWRD to be knowledgeable of its needs and objectives for the project 
and be directly involved in the process. A key element to success is trust between PCRWRD and the 
design-builder, and the opportunity and necessity for the designer and builder to work closely together to 
develop the winning Proposal. For this method, the design-builder is provided with a description of the 
desired end product. The design-builder is responsible for developing the detailed design and 
specifications, selection of material and equipment, constructing the Facility, and meeting performance 
requirements. 

Relationships of responsible design-builder parties are illustrated in Figure 6-3. 
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Figure 6-3 Basic Design-Build Project Delivery Method 
with PCRWRD Operations 

 

PCRWRD approach is summarized above as either a combination of bids for design and construction or 
a company capable to serve PCRWRD in both roles. PCRWRD retains ownership and is responsible for 
daily operation of the facility. PCRWRD will then be responsible to sell the upgraded natural gas product, 
biomethane, on the renewable energy market. 

6.2.4.4 Marketing the Biomethane Product 

PCRWRD has determined it will evaluate two delivery approaches for PCRWRD financed design, 
construction, and operation of the Facility. The two are: 
• PCRWRD (Local) 
• PCRWRD (Regional/National) 

As previously stated, this project is unique in that PCRWRD is undertaking an entrepreneurial activity of 
either selling the raw biogas or an upgraded, renewable natural gas product (biomethane). Under the 
first set of delivery approaches, PCRWRD retains control over the whole operation and will sell the 
biomethane, locally or regionally/nationally. 

PCRWRD (Local). This alternative delivery approach will involve a Design-Bid-Build or Design-Build 
process in which PCRWRD will oversee the design and construction of the facility and PCRWRD staff will 
operate the facility. PCRWRD will upgrade the raw biogas to the market grade natural gas and sell the 
product in the local renewable energy market to either local vendors or buyers. PCRWRD would hire a full 
time equivalent employee to market and sell the natural gas in or around Pima County, most likely within 
the state of Arizona. PCRWRD would retain all revenue after wheeling fees were paid to transport the 
biomethane through local transmission lines. 

PCRWRD (Regional/National). PCRWRD (Regional/National) alternative delivery approach is very similar 
to PCRWRD (Local) model in that PCRWRD owns and operates the facility. However, the major difference 
between these models is how PCRWRD markets the biomethane. Under this approach, PCRWRD would 
enter into a contract with a nationally reputable third party broker who sells the biomethane in a regional 
or national market. In return, the third party retains a portion of the revenue from the sale of the 
biomethane. 
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6.2.4.5 Private Financed Approach – Design-Build-Finance-Own-Operate 

Design-Build-Finance-Own-Operate method is a method in which a private corporation has complete 
control over the design, construction and operation of the facility. The private corporation will own the 
facility and any other assets involved. The facility will be built on property owned or leased by the 
company, not by PCRWRD. For this delivery method, the project is financed by the Design-Build-Finance-
Own-Operate entity. Independent technical, legal and/or financial consultant(s) may serve as PCRWRD’s 
agent(s) in managing the procurement process, establishing performance criteria, and monitoring 
performance. 

The Design-Build-Finance-Own-Operate contract, as the tax beneficial owner, will depreciate the project 
and contribute equity, which will reduce the amount of debt needed to finance the project. As a tradeoff, 
the contractor will own the project when the service contract expires, and PCRWRD must thereafter 
purchase or rent the facilities at fair market value if it wishes to continue to receive service from the 
facility. 

Relationships of responsible Design-Build-Finance-Own-Operate parties are illustrated in Figure 6-4. 
 

 
 

Figure 6-4 Design-Build-Finance-Own-Operate Project Delivery Method 
 

Ordinarily under a Design-Build-Finance-Own-Operate, PCRWRD would pay the private company a 
monthly charge for providing the public service PCRWRD has chosen to privatize. However, since this 
project does not provide a public service, and is instead an entrepreneurial activity, the private company 
will agree to take the captured raw biogas and will most likely pay PCRWRD a particular amount for it, as 
measured in Million British Thermal Units (MMBTU). 

PCRWRD will have no direct bond or debt service liability. For the purpose of this analysis, it is assumed 
that if the contractor fails to take PCRWRD’s biogas, PCRWRD can terminate the service contract, in 
many cases with the project ownership reverting to PCRWRD without cost. The potential for such a 
provision could take the place of a service contract guarantee by the contractor. 

6.2.4.6 Marketing Raw Biogas Product 

The third alternative delivery approach described above assumes PCRWRD will enter into a long-term 
contract with a private company to supply it raw biogas for a fee per MMBTU. The private company will 
finance the design and construction of the Facility. The company will own (or lease) the land and all 
assets related to the Facility and the company will operate the Facility with their own staff. It is assumed 
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that the company will pay PCRWRD for the biogas, upgrade it, and then sell the biomethane in a regional 
or national market. 

6.2.4.7 Summary of Alternative Delivery Approaches 

For this financial and risk analysis, PCRWRD is considering three alternative delivery approaches. 
1. PCRWRD (Local) – Facility is PCRWRD built, owned, operated and financed; PCRWRD markets/sells 

biomethane locally. 
2. PCRWRD (Regional/National) – Facility is PCRWRD built, owned, operated and financed; PCRWRD 

partners with third party to market/sell biomethane in a regional or national market. 
3. Private – Facility is built, operated, financed, and owned by private entity; private entity 

markets/sells biomethane in a regional or national market. 

These three approaches have been evaluated based on cost, risk, and revenue potential. The next 
section presents the financial assumptions and baseline analysis. 

6.2.5 Evaluation of Alternative Delivery Approaches 
Each of the delivery approaches identified above were evaluated using a financial model incorporating 
risk factors designed to reflect the uncertainty inherent in any decision making process. A complete 
description of the financial model, methodology of evaluation and assumptions used is provided in 
Appendix F. The following sections provide a summary of the results of the financial risk evaluation and 
recommendations for implementing the biogas upgrading project. Capital cost and annual operations 
and maintenance costs used in the financial model are based on the system configuration developed by 
Brown and Caldwell – see section 6.2.2. above. 

In order to conduct this analysis, key assumptions were made, including the following as baseline 
assumptions (see Appendix F for a more complete discussion): 
• The private model could take advantage of an accelerated depreciation tax advantage over the first 

7 years of operation. 
• Baseline value of natural gas will follow projections obtained from the natural gas industry NYMEX 

index. 
• A premium value for biomethane is assigned, reflecting the potentially higher value of this renewable 

energy resource: a 10 percent premium is applied for PCRWRD Local model, and 35 percent 
premium is assumed for PCRWRD Regional/National model, and the Private model; the higher 
premium reflects the potential for more robust demand for biomethane in the regional and national 
market. 

• Some loss of biomethane product between Ina road WRF and the point of use is assumed; termed 
“shrinkage”, this was assumed to be 1 percent for PCRWRD Local model and 5 percent for the other 
models reflecting the longer travel distances and higher potential for losses in longer transmission 
distances. 

• The cost of “wheeling” the biomethane through privately owned transmission systems was estimated; 
it was assumed the cost for local “wheeling” would be significantly less than for wheeling to regional 
or national users. 

• A cost of marketing the biomethane was assumed as a percentage of the value of the biomethane; 
the marketing cost for the PCRWRD owned options was higher (7.5 percent) than the Private model 
(5.0 percent) reflecting the assumption that PCRWRD would need to hire a marketing consultant or a 
dedicated employee to provide this function. 



PCRWRD: System-Wide Biosolids and Biogas Utilization Master Plan Report 

Section 6  
Summary of 

Recommended Plans 

 

 6-23 
P:\Pima, County of\140380 - Biosolids Master Plan\Deliverables\Reports\Master Plan\Final Complete Report 0812.docx\08.27.12\sjw 

• PCRWRD’s share of the net present value over and above costs and private companies return on 
investment (assumed as 75 percent for baseline). 

• Interest rate on capital – 3.5 percent for PCRWRD financed; 4.75 percent for private financed. 
• Discount rate – 6.0 percent. 
• Escalation for annual operations and maintenance costs – 2.28 percent. 
• Sinking fund for repair and replacement of capital - $175,000 per year. 

In addition, the financial modeling assigned certain assumptions as risk factors, i.e. assumptions whose 
value vary from the baseline over a range in the analysis. These risk factors are summarized below (see 
Appendix F) for a more complete description): 
• Interest rate on capital 
• Operations and maintenance escalation 
• Sinking fund allocation for repair and replacement 
• Cost of construction 
• Premium for renewable gas 
• PCRWRD’s portion of the net revenue shared with the third party broker or private developer. 

The financial modeling initially evaluates each option using baseline assumptions, then re-evaluates the 
alternatives by running multiple scenarios by varying risk factors. The results of the baseline and risk 
evaluation are summarized below: 
• Baseline: 

− Each delivery option shows a positive net present value (NPV) over 20 years; key to this outcome is 
the assumed escalation of natural gas values, as forecast by NYMEX, and the premiums assigned 
to biomethane over the NYMEX value. The Private model shows the highest NPV and the PCRWRD 
Local model shows the lowest NPV. 

− For the first several years in each option, there is a negative cash flow; the positive NPVs noted 
above are the result of future positive cash flows. The private model cash flow appears least 
negative in the early years due to the opportunity for accelerated depreciation. 

− A break-even analysis demonstrates that the sale value of the biomethane can be slightly below 
the 20 year composite value of natural gas (using NYMEX projections) for the PCRWRD Local 
option; the break even sale value for the other two options are somewhat above the 20 year 
composite value of natural gas. 

• Risk Analysis: 
− Using the risk analysis results, the NPV for both PCRWRD Local and PCRWRD Regional/National 

models are significantly reduced, reflecting the greater uncertainty associated with the key 
assumptions used to develop these models. 

− In each of the PCRWRD owned models, there is a chance that the ultimate outcome will be 
negative; that is, PCRWRD will not recover sufficient revenue to cover debt service on the capital 
investment and operating expenses, even over 20 years. 

− The results for the Private model also show a reduction in the NPV over the baseline; however, it is 
the highest (i.e. most positive) risk adjusted NPV of the three options. 

− A key consideration from PCRWRD’s perspective is that the private financed model cannot result 
in a negative outcome; that is, PCRWRD will not enter into an agreement that results in PCRWRD 
paying a private entity to take their raw biogas. 
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The results of this financial evaluation are summarized below: 

 
Table 6-4. Summary of Key Findings from Financial 

Modeling of Delivery and Marketing Options 

PCRWRD Financed Approaches Private Financed Approach 

Facility/Operation/Sales 

• PCRWRD has full control over assets, operation and 
sale of biomethane 

• PCRWRD transfers risks related to operation and 
sale of biomethane to Private company 

Advantages for PCRWRD 

• PCRWRD has most flexibility for sale and uses of 
biomethane 

• PCRWRD should never lose money in this venture 
• Highest risk adjusted NPV 

Disadvantages for PCRWRD 

• PCRWRD is responsible for debt service and 
operating expenses regardless of health of 
biomethane market 

• PCRWRD’s involvement is limited to negotiated 
contract 

 

6.2.6 Recommendations for Biogas Upgrading Delivery and Marketing 
The recommendation based on the discussions, risks, and results of the financial analysis presented 
above is that PCRWRD should explore a turn-key private financed delivery option (i.e. the Private Model). 
This approach appears to maximize revenue potential while minimizing risk to PCRWRD. PCRWRD should 
pursue a contract that requires, at a minimum, for a private partner to take PCRWRD’s raw biogas at all 
times. 

Results of the Private analysis that support the adoption of the Private delivery approach are: 
• Private approach has the highest NPV in both the baseline and risk adjusted analysis. 
• PCRWRD has no outlay of capital funds. 
• PCRWRD has no exposure to negative value, based on assumed contractual language. 
• PCRWRD has less exposure to the volatility of the natural gas market. 
• By pursuing a privately developed and operated project, PCRWRD can continue to focus primarily on 

its core service, i.e. treating wastewater. 
• Risk analysis has highlighted the broad uncertainty of forecasting the value of biomethane, 

particularly as it’s predicated on receiving a premium above the NYMEX future price of natural gas. 
Therefore, the private option helps to mitigate this risk. 

• Quantitative and qualitative risk/benefit analysis shows the potential cash flows of this endeavor 
includes significant uncertainty; therefore, the private option mitigates this risk by allowing PCRWRD 
to only enter into an agreement if the revenue potential to PCRWRD is positive. 

6.3 Green Valley WRF and Sub-regional Facilities 
Section 5 presented the evaluation of alternatives for changing and improving biosolids management at 
the Green Valley WRF, with a primary objective of improving odor control at this facility. The results of 
this evaluation demonstrated that consolidating the treatment and management of biosolids from Green 
Valley WRF with biosolids at Ina Road WRF would require less capital costs, and have somewhat lower 
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life-cycle costs than making improvements to biosolids treatment at Green Valley WRF. Consequently, 
the following are recommendations for biosolids and related odor control improvements at the Green 
Valley WRF: 
• Treatment (stabilization and air drying) of biosolids produced from the Biological Nutrient Removal 

Oxidation Ditch (BNROD) process will be discontinued. 
• Biosolids produced from the BNROD process will be thickened and hauled to the Ina Road WRF for 

treatment (anaerobic digestion) and dewatering or thickening prior to land application (assuming the 
current land application program continues). 

• A new liquid biosolids slurry load-out facility will be provided for loading tanker trucks for hauling to 
Ina Road WRF. 

• The existing solids aeration tanks will be used for short term storage of biosolids prior to thickening 
and/or hauling to Ina Road WRF. 

• The existing solids holding tanks will be retrofitted with improved aeration and improved mixing in 
order to hold solids while minimizing odor production. 

• Recognizing that the solids storage tanks may still be a source of odor, tanks will be covered and the 
head space ventilated to odor control. 

• The existing gravity belt thickeners will be retrofitted with odor control covers; the space under the 
covers will be ventilated to odor control. 

• A new odor treatment system will be provided for the new foul air streams generated through these 
improvements; a biofilter is the recommended odor control process. 

• Various utility, site and electrical and control improvements will be made to support the 
improvements described above. 

The improvements described above can be implemented via a stand alone project, utilizing the Job 
Order Contracting or Design-Bid-Build delivery process. 

Construction costs for the above improvements, including contingencies and allowances for unforeseen 
project elements is estimated to be approximately $2,000,000. In addition, it is anticipated that up to 
three dedicated liquid slurry hauling tanker trucks will be required and dedicated to Green Valley WRF. 

As discussed in Section 5, the results of the Green Valley WRF evaluation discussed above has 
significant implications for these other facilities. These are summarized below: 
• The Green Valley WRF evaluation demonstrated hauling liquid-slurry, unclassified solids to Ina Road 

WRF for treatment and incorporation into the larger PCRWRD biosolids management program is cost-
effective and has other benefits, such as consolidating solids treatment and distribution at one 
location. 

• Converting solids handling at the other Sub-regional facilities will require considerable investment in 
new processes, odor control and management of biosolids product in order to avoid the issues 
encountered at Green Valley WRF. 

• The other Sub-regional facilities already have in-place the solids thickening, truck loadout facilities 
recommended for Green Valley WRF; by retaining this approach for solids management at these 
plants, no further capital investment is needed. 

For these reasons, it is recommended that the Sub-regional facilities that currently haul solids to Ina 
Road WRF continue this as their process for solids management. Specifically, these include the Avra 
Valley WRF, the Corona de Tucson WRF and the Mt. Lemmon WRF. 
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Likewise, it is recommended that the Randolph Park WRF continue to discharge solids back to the 
interceptor sewer for conveyance downstream to the regional water reclamation facilities (ultimately the 
WRC due to go on-line in 2014). Finally, it is recommended that those small water reclamation facilities 
that currently air dry solids and haul to landfill continue this practice. The quantities of solids from these 
very small facilities do not justify significant capital investment to change biosolids management 
practices at these facilities. 
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Appendix A: Biosolids Market Assessment Contact 
Reports 
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Appendix B: RFEI and Responses 

RFEI as Published 
Responses 
Notes From Follow-up Meeting 
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Pima County Regional Wastewater Reclamation Department (RWRD) 
Systemwide Biosolids and Biogas Utilization Master Plan 

Market/Stakeholder Engagement 
March 7, 2012 

 
Introduction 
Gordley Design Group (Gordley) assisted Brown and Caldwell (BC) in organizing and 

facilitating meetings in Pima County between RWRD, BC and Gordley staff and 

potential Class A and B public and private users during the evaluation period between 

February 2011 and July 2011. Class B users included the existing/current biosolids 

contractor (Avragro Systems Inc.) as well as other potential outlets in the area including 

area utilities and cement producers. Possible Class A customers engaged included City 

of Tucson departments, other Pima County departments, and local compost and topsoil 

manufacturers.  

During discussions with the potential users, emphasis was placed on identifying 

potential demand and interest and identifying concerns or constraints in the product 

use. Initial outreach was made to potential users as identified by RWRD in their scope 

of work and the outreach was enhanced by the cooperation and willingness of 

participants to support this effort and identify other potential users. Throughout the 

engagement process participants consistently expressed the following:  

 Interest in the biosolids and biogas program 

 Desire for demonstration projects 

 Concerns about Arizona Department of Environmental Qualify (ADEQ) permitting  

 Concerns about program start-up capital costs and funding  

 

The following page starts a summary of the contacts. 
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PUBLIC SECTOR 
City of Tucson Opportunities 

Landfills – Environmental Management Program (EMP) 
Contact: Nancy Petersen, Deputy Director of Environmental Services 

nancy.petersen@tucsonaz.gov  

520-837-3716 

Contact date and method: March 31, 2011 phone call 

 Contact: Jeff Drumm, City Landfill Manager 

   Jeffrey.Drumm@tucsonaz.gov  

   520-837-3713 

Contact date and method:  April 7, 2011 phone call 

Nancy Petersen indicated in a phone call in early April that the City’s EMP would 

be very interested in using biosolids for composting. Prior to the economic 

downturn and associated budget issues, they were separating and composting 

collected green waste but have since stopped. They are interested in restarting 

the program and would be interested in taking biosolids to help with the process.  

For landfill cover, ADEQ has made a request to the EPA to allow the use of 

biosolids in landfills – that application is currently in the public comment period. 

Jeff Drumm expected that the City would be able to submit an application to 

ADEQ this summer and could be allowed to use biosolids in landfills to enhance 

gas production this fall. At that time, the City would want as much sludge as 

possible.  

Nancy expressed concern that using biosolids for landfill cover could lead to odor 

problems, attracting vectors and materials compaction issues.  
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Golf Courses and Parks – Parks and Recreation 
Contact:  Peg Weber, Northwest Parks and Recreation Administrator 

peg.weber@tucsonaz.gov 

520-837-8050 

Contact date and method:  April 5, 2011 meeting 

 Contact: Mike Hayes, Deputy Director 

   mike.hayes@tucsonaz.gov  

   520-791-5853 

Peg Weber indicated in an early April meeting that the City would be very 

interested in Class A biosolids. They currently use reclaimed water in the parks, 

and that has been very successful. They own several golf courses, and they 

have the potential to create large quantities of compost. They previously had a 

staffer who was very dedicated to making compost, but he is no longer available. 

Peg suggested we speak to Mike Hayes, Deputy Director, who manages four 

City owned golf courses. One of those golf courses, Silverbell, is particularly 

close to the Roger and Ina Road wastewater treatment plants. Peg also noted 

that City departments have the capability to band together to increase the size of 

an order. She also thought a side-by-side demonstration project comparing 

regular compost with that of compost using biosolids should be done to allow for 

comparison. Peg noted that the City’s parks and recreation department is 

nationally accredited so a successful test project could be helpful in encouraging 

a larger market. 
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Pima County Opportunities 
County-owned Ranches – Natural Resources 
Contact:  Kerry Baldwin, Natural Resources Division Manager 

Kerry.Baldwin@pima.gov 

520-877-6161 

Contact date and method:  April 5, 2011 meeting 

Contact date and method:  May 10, 2011 tour of Canoa Ranch 

 Contact: George Kuck, Superintendent of Urban Parks  

  and Operations Maintenance Manager 

   george.kuck@pima.gov 

   520-877-6000 

   Contact date and method:  April 7, 2011 email 
In an initial meeting, Kerry Baldwin indicated there are a number of County-

owned ranches and properties that could potentially benefit from the biosolids 

products. He thought one of the most promising could be Canoa Ranch. Kerry 

mentioned two other properties that might be the best prospects for County 

biosolids use - Buckelew Farm and King 98 Ranch. Kerry also mentioned two 

possible funding sources for ranch land restoration demonstration projects. The 

Altar Valley Conservation Alliance, a 501(c)(3) group of ranches that includes 

Elkhorn Ranch, King 98 Ranch, Sierrita Ranch and Rancho Seco, has external 

funding sources available including federal. The second is the Environmental 

Quality Incentives Program (EQUIP), another federal funding program that can 

help pay for up to 80% of land restoration through the USDA Natural Resource 

Conservation program. George Kuck is the contact for the ranch programs for 

Pima County. 

On May 10, Kerry took members of the team (Jing Luo, Steve Wilson and Alice 

Templeton) on a tour of the Canoa Ranch site located south of the Green Valley 

area. Canoa Ranch was once one of the largest cattle ranches in southern 

Arizona and is now destined to become an interpretive ecology exhibit. It would 
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be an excellent opportunity to educate the public on the use of biosolids to 

restore and preserve former ranch lands and help preserve open space. 

Construction for the Canoa Ranch restoration project is expected to begin in 

2012. 

Separately via email, George Kuck expressed interest in using Class A biosolids 

to create top dressing material for upcoming renovations to the sports turf in 

several County parks. He also thought there was opportunity to do demonstration 

projects in the County urban park system. George was working for the County 

when they tried biosolids in park applications in the past. They encountered 

issues with the biosolids containing non-desirable plastic byproducts. It was 

indicated that a clean Class A dried product would be much more desirable.  

 
Landfills – Solid Waste Division  
Contact:  Dave Eaker, Deputy Director 

Dave.Eaker@deq.pima.gov  

520-744-6173 

Contact date and method:  March 31, 2011 phone call 

Dave Eaker indicated he would be interested in using biosolids as landfill cover 

but would need approval from ADEQ and start with a demonstration project. 

When the use of biosolids as a cover came up several years ago, he checked 

with ADEQ (Denise McConaghy, Permitting, is the contact at 602-771-4110). At 

that time, she indicated there were no other landfills in Arizona that were using 

biosolids for landfill cover and it was not pursued. 

In terms of yard debris, the County is currently not separating yard waste, but 

Dave liked the idea of using yard waste combined with biosolids to create 

compost. The constraint is capital to create the facility; it would also require a 

demonstration project. 
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Habitat Restoration – Flood Control  
Contact:  Suzanne Shields, Director 

   Suzanne.shields@rfcd.pima.gov  

   520-243-1881 

   Contact date and method:  March 31, 2011 phone call 

Speaking by phone on March 31, Suzanne Shields was open to using biosolids 

for habitat restoration, but also said they would need to be careful where it is 

applied. The County currently has habitat restoration projects where public 

access is restricted; that might be the best usage. Specifically, she mentioned 

the County’s Corazon de los Tres Rios, an ecosystem restoration project.  

Suzanne indicated she’s interested and wants to be kept up to date as biosolids 

target markets are developed.    
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PRIVATE SECTOR  
Composting and other Opportunities  

Fairfax Companies 
Contact:  Jason Tankersley, Chief Executive Officer 

tank@ffxsite.net 

520-290-9313 

Contact date and method:  March 29, 2011 phone call  

April 5, 2011 meeting 

    May 5, 2011 phone call 

Jason Tankersley is the chief executive officer of Fairfax, a commercial retailer 

that sells compost (marketed as Tank's Green Stuff) and other recycled products 

to local retailers, including ACME Sand and Gravel, Civano Nursery and 

Mesquite Valley Growers. He is not interested, however, in taking biosolids to 

amend soils but rather he is interested in taking biosolids for use in a proprietary 

system. His facility is near the Ina Road wastewater treatment plant.  During the 

meeting in early April he proposed that the County sign a confidentiality 

agreement prior to his sharing of technical information. Contact was again made 

in early May when he called to see how the planning was advancing. 

 

Avragro Systems Inc.  

Contact: Rob Fehrmann, Managing Director 

Robfehrmann@comcast.net  

520-271-7736 

Contact date and method:  February 24, 2011 meeting 

    April 1, 2011 email 

The study team met in early February with John Kai and Rob Fehrmann of 

Avragro Systems Inc, the existing contractor using Pima County biosolids. The 

Class B solids in sludge form are currently being injected into their agricultural 

land in the Marana area. A week later, Rob Fehrmann indicated Avragro has 
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over 500 additional acres being treated with biosolids just south of Green Valley 

in the Arivaca and I-19 area and more land near Nogales. He indicated that the 

costs to spread biosolids are the big problem in that area because it’s such a 

small amount of land and their mobilization-demobilization costs are too high to 

make it a really competitive operation.   

 

Utilities 
Tucson Electric Power (TEP) 
Contact:  Carmine Tilghman, Director of Renewable Energy Resources 

   ctilghman@tep.com  

   520-745-7108 

   Contact date and method:  June 27, 2011 phone call 

Carmine Tilghman does not consider the use of dried biosolids as a fuel 

replacement to be an option for them since the TEP equipment was not designed 

to handle that type of fuel. They would also require a new permit from ADEQ. 

TEP is currently burning methane produced at the City of Tucson’s Los Reales 

landfill that is not pipeline quality. They are interested in also burning biogas but 

are concerned about the quality of the biogas produced at the wastewater 

treatment plant and how much effort would be involved in conditioning it. He is 

also concerned about how the biogas would be delivered to TEP and suggested 

one solution could be upgrading the biogas and injecting it into the El Paso 

Natural Gas pipeline for delivery to TEP. They are interested in learning more 

about the opportunities available. 

 



Pima County Regional Wastewater Reclamation Department 
Systemwide Biosolids and Biogas Utilization Master Plan 
Market/Stakeholder Engagement 
March 7, 2012 
 
 

Page 9 of 12 

Cement Plants 
Two cement companies in Tucson, Cal Portland and Cemex, were identified.  

Cal Portland 
Contact:  Janelle Kennedy, Environmental Manager  

  jkennedy1@calportland.com   

  520-616-1231 

  Contact date and method:  March 28, 2011 phone call 

Janelle Kennedy was contacted early in the process while different available 

opportunities were being researched. She indicated the plant’s ADEQ permit is 

very specific about what they can burn in their kiln. Changing the permit is 

expensive, and they would have to perform extensive testing to be sure that the 

item is compatible with their product. They primarily use coal and some natural 

gas. 

One of the items they can use is wood chips, which is not the same as green 

waste. There are limitations on the amount of water content.  Another limitation is 

that the material actually becomes part of the cement; for example, when they 

burn chipped tires, they leave in the steel belts and the iron is incorporated as 

part of the process.  

 

Cemex  
Contact:  APEX Sand and Gravel 

11500 N. Calmat Drive, Marana 

520-744-3253 

 Contact: Pima Sand and Gravel 

13599 S. Old Nogales Highway, Sahuarita  

520-295-1500 

Cemex recently closed two of their plants, but still has two Pima County locations 

and one in Sierra Vista. Calls made to the Cemex plants on March 28, 2011 were 

not returned.  
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Mining Reclamation 
Asarco Mission Mine 
Contact: Jamie Ekholm, Environmental Engineer 

   jekholm@asarco.com  

520-393-4671  

Contact date and method:  February 24, 2011 meeting 

A meeting was held with Jamie Ekholm and Stuart Bengson of Ecosystems (an 

erosion and sediment control company) at ASARCO’s Mission complex in early 

February 2011. ADEQ approved of the use of biosolids in the 1990’s and in the 

past the Mission facility has used two to three acre-feet per year of the biosolids 

produced at the Green Valley wastewater treatment plant. However, the cost of 

future reclamation is a major concern to ASARCO and they have millions of tons 

of topsoil available from previous excavations. Also, they don’t foresee a need for 

the topsoil for five years. They anticipate that if they used biosolids, ADEQ would 

have major concerns about nitrates leaching into surface waters.   

 

Freeport-McMoRan (FMI) 
Contact: Aaron Hilshorst, FMI Environmental Engineer 

   aaron_hilshorst@fmi.com  

520-393-2601 

Contact date and method: February 24, 2011 meeting 

 Contact:  Kayembo Katapa, FMI Environmental Engineer 

   kanyembo_katapa@fmi.com 

   520-393-2396  

Aaron Hilshorst talked to RWRD staff several years ago about the use of dry 

biosolids in tailing reclamation but with copper prices falling, the discussion was 

discontinued. Aaron said that if the biosolids hauling distance was reasonable he 

thought they would be interested in test plots. Aaron thought dewatered product 
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would be easier to apply and he also thought significant work would have to be 

done to the piles in order to use biosolids but also thought it would be suitable for 

lower pile levels. A demonstration project was recommended. They are also 

interested in how biosolids field reclamation would compare with the solids they 

are using generated by their cattle-grazing program. Future discussions would 

require a better understanding of FMI’s timeframes and needed quantities. Aaron 

will also contact the FMI research group to obtain their input.  

A follow-up conference call took place on March 5, 2012 with Kanyembo Katapa, 

FMI Environmental Engineer, to further explore the possibilities and determine 

FMI potential interest and constraints in an ongoing program of collaboration with 

RWRD. (Our previous FMI contact, Aaron Hilshorst, is now working at another 

FMI facility in Colorado.) Kanyembo was able to confirm that FMI is very 

interested in concurrent reclamation of the tailings as well as reclamation of old 

tailings. During the conversation, Kanyembo expressed interest in the specific 

logistics of how a biosolids application program would work with the FMI tailings. 

He was very interested in how much support a biosolids-use program could 

expect from ADEQ. He expressed a number of concerns, and the team was able 

to positively address them. The concerns and team responses are as follows: 

• Topsoil – Is there a need for topsoil to be mixed with the biosolids in order 

to use them on the tailings? No, the biosolids can be applied directly at a 

rate of 100 dry tons per acre which is about a 4-inch layer. This is enough 

quantity to enable germination and survival of drought-resistant seeds 

without adding water.  

• Testing needs – Are chemical tests needed on the tailings to make sure 

they would be suitable? Even tailings with high metal parts have been able 

to incorporate the biosolids with little difficulty. Testing would be done as 

part of the demonstration program. 

• Odors – Is there a problem with smells? Initially there is some odor but not 

a significant nuisance. Once incorporated and stabilized, there is no odor. 
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In other areas where biosolids have been applied to tailings near a 

community, there have been no odor complaints.  

• Climate – In what kind of climates have successful pilot projects been 

done? Semi-arid climates in Canada worked well when seeds were 

planted in the fall and a crop was established the following spring. 

• Tailings Slope – What is the steepest slope that can be present in the 

tailings? Biosolids have been successfully applied at the angle of repose 

for waste-rock piles. It is applied hydraulically from the bottom up in the 

same way hydromulch would be applied. It can also be applied using a 

slide delivery spreader that projects about 250 feet. 

• Erosion – Without a cap, the tailing material is very fine and prone to 

erosion, particularly with runoff. How would this be prevented? The key is 

uniform distribution and applying the biosolids in lifts for immediate 

incorporation into the tailings.  

• Timeframe – What would be the timeframe for a pilot program? This could 

be seriously discussed with the RWRD after the start of the Pima County 

fiscal year (July 2012). 

Kanyembo reiterated FMI’s interest in participating in a demonstration program, 

most likely on an old tailing dam. He also reiterated the need for ADEQ to buy in 

to the program. 
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Section 1 

Introduction 
1.1 Overview 
The Regional Wastewater Reclamation Department (PCRWRD) of Pima County, Arizona serves 
approximately 1 million customers in the greater Tucson area, including rural and un-incorporated areas 
of Pima County. PCRWRD is in the process of implementing its Regional Optimization Master Plan 
(ROMP). The ROMP is the culmination of an intensive study of the capital improvements required to be 
made to Pima County’s wastewater treatment system (System) through 2030. These elements consist of 
facility replacements, expansions and upgrades that must be built to meet expected capacity, including 
reductions of nitrogen concentrations discharged into the Santa Cruz River to meet regulatory 
requirements. The established budget for the ROMP program, including planned near term capital 
improvements, has been established at $720 million.  Priority capital improvement projects (Projects) 
included in the ROMP consist of: 

• New 32 million gallons per day (mgd) Wastewater Reclamation Facility. Adjacent to the Roger Road 
site, a new facility will replace the existing Roger Road Wastewater Reclamation Facility (Roger Road 
WRF). A design-build-operate firm has been selected to design, construct and operate this facility for 
Pima County. This new plant, termed Water Reclamation Campus (WRC), is due to be operational by 
the end of 2014. 

• Major Upgrade/Expansion of the Ina Road Wastewater Reclamation Facility (Ina Road WRF). The 
upgrade will include nitrogen and phosphorus reductions and the expansion will increase the plant’s 
capacity from 37.5mgd to 50mgd. These improvements are currently in various stages of design and 
construction. New and upgraded treatment facilities are due to be completed by the end of 2013. 

The ROMP also includes a plant interconnect pipeline for the conveyance of untreated wastewater 
between the existing Roger Road WWTP/proposed new WRC and the Ina Road WRF (Plant Interconnect 
Transmission Pipeline). Construction of the Plant Interconnect Pipeline has been completed. 

In addition, the ROMP recommended that Pima County’s biosolids program be evaluated in a more 
comprehensive study in order to assess the local market for biosolids products which could influence the 
types of technologies implemented at Pima County’s facilities for treating and utilizing wastewater 
derived solids. Likewise, the ROMP identified a need for Pima County to upgrade or change its system for 
utilizing biogas generated through the anaerobic digestion of solids at its facilities. Consequently, Pima 
County embarked on the System-wide Biosolids and Biogas Utilization Master Plan study (Master Plan). 
The objectives of this Master Plan are summarized below: 

• Develop a comprehensive biosolids management and utilization strategy 
• Develop a comprehensive strategy for 100 percent utilization of biogas. 

More specific objectives are listed in Section 2. 

Pima County selected Brown and Caldwell to complete the System-wide Biosolids and Biogas Utilization 
Master Planning project. This planning work is on-going and due to be completed in summer 2011. 

The ROMP also concluded that there are several benefits that may accrue to Pima County through the 
exploration of creative public-private partnerships. These benefits may include: 

• Private Financing and Innovative Public Financing Options for ROMP (including biosolids and biogas) 
Capital Improvements. 
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• If private financing proves feasible, a key benefit to Pima County would be a reduction in the amount 
of debt needed to be raised by Pima County. 

• Innovative, or alternative traditional, biosolids beneficial use or disposal has the potential to reduce 
Pima County’s reliance on a single or limited number of providers for biosolids beneficial use or 
disposal. In addition, it could provide an offset for long-term operation and maintenance costs, as well 
as create confidence in a sustainable long-term biosolids disposal program. 

• Innovative biogas beneficial use through a public-private partnership for biogas use provides the 
potential for Pima County to gain a source of revenue, while simultaneously demonstrating Pima 
County’s commitment to “green”, sustainable solutions. 

Alternative methods for capital improvement program project delivery offers Pima County the potential to 
achieve greater efficiency in the implementation of capital projects that may provide cost savings over 
the traditional method of project implementation. For the past 4 years, Pima County has been in the 
process of investigating alternative project delivery methods to the traditional design-bid-build method. 
Pima County has recently completed procurement of a design-build-operate firm for the new WRC 
component of the ROMP. To this end, Pima County remains interested in receiving information from 
interested parties, including the private sector, which will help in determining the appropriate project 
implementation approach for biosolids and biogas related projects. 

With respect to financing options for the Projects, Pima County is exploring all public and private 
innovative options that are available to Pima County. Questions relating to various private financing 
options are set forth below in Section 4.2.3. 

1.2 Request for Expressions of Interest (RFEI) Objectives 
Through the issuance of this RFEI, Pima County is soliciting information from respondents on potential 
technologies and/or approaches that can optimize biosolids and biogas management for Pima County. 
In addition, soliciting input on possible project delivery methods and related matters for the development 
of the biosolids and/or biogas related projects is another objective. The information requested in 
response to this RFEI is strictly voluntary on behalf of the respondent and may be used by Pima County 
in selecting project delivery methods and structuring the procurements. The following project delivery 
methods are permissible in Arizona, and are being considered as potentially viable procurement 
approaches to the implementation of the biosolids and biogas projects: 

• Traditional Design-Bid-Build 
• Design-Build (DB) 

• Design-Build-Finance (DBF; Turn-Key) 

• Design-Build-Operate (DBO) 
• Design-Build-Finance-Operate (DBFO) 

• Design-Build-Finance-Own-Operate (DBFOO) 

• Construction Manager at Risk (CMAR). 

The information provided in response to this RFEI will be used as part of the overall evaluation process 
for selecting the ultimate delivery method or methods. Pima County seeks particularly to receive 
information from parties that have had actual experience using one or more of the implementation 
approaches being contemplated on biosolids and biogas related projects, and that are potentially 
interested in submitting a proposal for a biosolids and/or biogas project. 

Several firms have already made general inquiries of Pima County concerning contract opportunities that 
might arise from the on-going biosolids and biogas master planning work. Pima County is issuing this 
RFEI in part to provide a structured means by which to receive private sector comment in order to inform 
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its public policy decisions, and to gauge the interest of qualified firms to enter into contracts with Pima 
County using alternative project delivery methods. 

It is requested that responses to this RFEI be in compliance with the schedule and requirements set 
forth in this RFEI. Pima County may elect to: 

• Supplement, amend, otherwise modify or cancel this RFEI 

• Postpone or change the date for receipt of responses to the RFEI 
• Cancel or modify the Projects at any time. 

This RFEI is issued by Pima County solely for the purpose of gathering information regarding interested 
parties’ perspectives on technologies and approaches, project delivery methods, public-private 
partnerships, private project financing, and matters related to biosolids and biogas utilization. 

The purpose of this RFEI is to simply solicit information and expressions of interest for Pima County’s 
information and use and does not constitute a solicitation or procurement document for the 
development of the Projects, nor will it be a factor in determining to whom the Projects are awarded. 

A response to the RFEI is not mandatory for future participation in any procurement process. Failure to 
submit a response to this document will not disqualify any firm from submitting a response to any formal 
procurement process for the Projects. It is possible that the submittals or any information received 
through this RFEI process may be made available to the public. 

1.3 Overview of Pima County’s Wastewater Management System 
Pima County operations are authorized by state legislative authority (Arizona Revised Statutes, Title 11, 
Chapter 2, Article 4). Pima County’s primary responsibilities are to effectively manage, operate, and 
maintain a regional public sanitary sewer system serving the residents of Pima County. Currently, Pima 
County provides service to customers in several unincorporated areas of eastern Pima County, the Cities 
of Tucson and South Tucson, the Towns of Oro Valley and Marana. Pima County is governed by the Pima 
County Board of Supervisors (Board). PCRWRD also coordinates with the Pima County Regional 
Wastewater Reclamation Advisory Committee. The Committee was established by the Board in 1986 to 
ensure adequate public oversight of all PCRWRD activities. 

Pima County is operated as an enterprise fund and is not dependent on property or sales taxes levied by 
Pima County. Pima County is authorized to assess and collect fees and charges to recover its costs of 
operation and can issue revenue bonds or wastewater revenue obligations for the rehabilitation, 
construction, acquisition, and improvement of the sanitary sewer system. 

The paragraphs below provide an overview of Pima County’s current wastewater management system, 
as well as describe the changes, upgrades and expansions that are currently being implemented as part 
of the ROMP. 

1.3.1 Pima County’s Current Wastewater Management Facilities 

Pima County currently operates two major wastewater reclamation plants and a smaller wastewater 
reclamation plant that serve greater metropolitan Tucson. In addition, Pima County also owns and 
operates eight other small wastewater reclamation plants that serve population centers outside of the 
metropolitan Tucson area. Each are described below, with information included on biosolids processing 
at each plant. 

1.3.1.1 Roger Road WRF 

Roger Road WRF is the older of the two major metropolitan wastewater treatment facilities. It is a 
combination of several expansions and has a permitted capacity of 41mgd. Currently the average winter 



Request for Expressions of Interest Section 1

 

 1-6

RFEI-Document1 

influent flow (peak season) is approximately 32mgd. The facility is located at 2600 West Sweetwater 
Drive, Tucson, Arizona 85705, just north of Prince Road between Interstate 10 and the Santa Cruz River. 

Roger Road WRF was first operated in 1951 as a 12mgd activated sludge facility and was expanded with 
a separate 13mgd trickling filter plant in 1960. A 13mgd activated sludge/contact stabilization facility 
was added in 1967. In 1979 the facility was consolidated into a single facility with the major biological 
treatment process consisting of two, 165-foot diameter by 26-foot deep, plastic media biofilters with 
return activated sludge capability. This increased the rated capacity to 41mgd. The facility is required to 
continuously meet secondary treatment limits as set forth by ADEQ. 

As a byproduct of wastewater treatment, both primary and secondary sludge are produced. These are 
thickened and anaerobically digested on site. Table 1-1 summarizes the existing solids treatment 
facilities at Roger Road WRF. Secondary sludge is thickened via a gravity belt thickener, and primary 
sludge is thickened using gravity thickeners. Digested sludge meeting Class B biosolids criteria for 
agricultural land application disposal are conveyed via force main to the Ina Road WRF, where they are 
combined with digested sludge from the Ina Road WRF. After further thickening and dewatering, 
biosolids are hauled and applied to agricultural land by a private contractor as a beneficial soil 
amendment. 

 
Table 1-1.  Summary of Existing Roger Road WRF Biosolids Facilities 

Unit Process Facilities 

Solids Thickening (Primary Sludge and Waste Activated 
Sludge) 

3 – Covered Gravity Thickeners 
 
1 – Gravity Belt Thickener 

Digestion 6 – Anaerobic Digesters (5 Primary and 1 Secondary) 

Sludge Transfer to Ina Road WRF Sludge Pumping Station and 5.3 mile 8-inch Force Main 

 

Biogas produced by the digesters at Roger Road WRF is partially used on-site by engine generators or 
engine-driven pumps to reduce the plant’s demand for electricity from Tucson Electric Power. 

Roger Road WRF receives biosolids from Randolph Park WRF via the collection system serving Roger 
Road WRF. Randolph Park WRF is located within metropolitan Tucson, draws raw wastewater from the 
interceptor serving Roger Road WRF, and produces reclaimed water for use by PCRWRD and the City of 
Tucson at an adjacent golf course. It is a 3mgd capacity membrane bioreactor plant; waste activated 
sludge produced by Randolph Park WRF is pumped back into the raw wastewater interceptor where they 
are conveyed to Roger Road WRF for treatment. 

As is explained in subsequent paragraphs, the ROMP recommended decommissioning of Roger Road 
WRF in favor of building a new WRC just north of the existing plant site. Consequently, once the new 
WRC is commissioned, Roger Road WRF will be decommissioned and demolished. 

1.3.1.2 Ina Road WRF 

The original Ina Road WRF was designed in 1973 and constructed from 1975 to 1977. The facility is 
located at 7101 North Casa Grande Highway, Tucson, Arizona 85743, just south of Ina Road, between 
Interstate 10 and the Santa Cruz River. The facility was designed to produce a treated effluent meeting 
secondary treatment quality requirements as set forth by Arizona Department of Environmental Quality 
(ADEQ). The original treatment plant uses primary clarification followed by a 25mgd high-purity oxygen 
(HPO) Activated Sludge Process. The existing plant also includes a combined energy-recovery system for 
heating, cooling and on-site generation of electrical power. The energy-recovery system uses methane 
generated as a by-product of the solids treatment process, and is supplemented with purchased natural 
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gas. Modifications to the original design to enhance equipment performance and reliability were 
completed in 1990. 

The headworks serving this facility, along with appropriate odor control facilities, were recently expanded 
to a capacity of 50mgd. A Biological Nutrient Removal Activated Sludge (BNRAS) treatment works with a 
design capacity of 12.5mgd was placed in service at the end of 2006. Effluent from the 25mgd HPO 
treatment process and the 12.5mgd BNRAS treatment process are combined prior to 
chlorination/dechlorination disinfection and discharged into the Santa Cruz River. Current average 
winter influent flow (peak season) is approximately 24mgd. 

The existing Ina Road WRF biosolids processing facilities are summarized in Table 1-2. The current 
biosolids processing at Ina Road WRF consists of dissolved air flotation thickening (DAFT) of secondary 
sludge and gravity thickening of primary sludge. Thickened sludge are combined and pumped to 
anaerobic digestion for stabilization. The existing digestion facilities are designed to produce Class B 
biosolids through mesophilic anaerobic digestion. Based on data provided by Pima County, the existing 
facilities are typically achieving volatile solids destructions of 58-59 percent. This reduction rate 
indicates good digestion operation at the plant. Stabilized Class B biosolids are currently thickened to 
approximately 6 - 8 percent solids using centrifuges and are hauled away through an existing contract for 
agricultural land application. For the current haul and application contract, thickened sludge are 
preferred rather than dewatered solids, as the water in the biosolids is beneficial in the region and the 
existing contractor’s equipment is consistent with this product up to 10 percent solids. Digested sludge 
from Roger Road WRF are combined with Ina Road WRF digested sludge upstream of thickening. Once 
thickened, all solids are pumped to a lined and covered holding basin. 

 
Table 1-2.  Summary of Existing Ina Road WRF Biosolids Facilities 

Unit Process Facilities 

Solids Thickening (Primary Sludge and Waste Activated 
Sludge) 

1 – Gravity Thickener 
3 – Dissolved Air Flotation Thickeners 

Digestion 4 – Anaerobic Digesters (All Primary) 

Digested Sludge Thickening 3 – Thickening Centrifuges 

Digested Sludge Storage and Transfer Station 1 – Bladder Storage Basin and Transfer Station 

 

1.3.1.3 Sub-regional Facilities 

Pima County operates a number of wastewater treatment facilities besides the Roger Road WRF and Ina 
Road WRF; these are termed the “Sub-regional Facilities”. Biosolids processing at each of these facilities 
varies significantly from one facility to another. Factors affecting the treatment process (es) include the 
wastewater flow to be treated, available land for evaporation, distance to existing sewers to Ina Road 
WRF and Roger Road WRF, etc. Table 1-3 summarizes approximate solids production rates from these 
facilities and the type of processing and disposal used. Three of the plants, Marana WRF, Mt. Lemmon 
WRF, and Avra Valley WRF, have solids generated at the facility hauled to either Ina Road WRF or Roger 
Road WRF influent sewers. Thus, the sludge generated at these facilities become part of the treatment 
and disposal processes at Ina and Roger Road as well. 
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Table 1-3.  Summary of Existing Sub-regional Facilities and Solids Handling 
Sub-

Regional 
Treatment 
Facilities 

Treatment 
Process 

Hydraulic 
Treatment 
Capacity 

(mgd) 

2009 
Influent 
Flows 
(mgd) 

2010 
Influent 
Flows 
(mgd) 

*Biosolids 
Dry Tons 
(Annual) 

Biosolids Tanker 
Loads  (6,000 gal) 

Sludge 
Storage  
On-site 

Sludge 
Thickening / 
Dewatering 

Sludge 
Concentration 

(%) 

Sludge Loading 
Facilities? 

Biosolids Treatment 
and Disposal? 

Green 
Valley WRF 

BNROD with a 
facultative pond 

system as a 
backup. 

4.1 1.78 1.84 

298 (YR 
2009), 

366 (YR 
2010) 

N/A 
YES - 

Aerobic 
Digestors 

Gravity Belt 
Thickener 
and Belt 
Press. 

87% Biosolids 
- 39 truckloads 

delivered to 
Asarco in 
2009, 51 
truckloads 

delivered to 
Asarco in 

2010 

YES - Sent to on-
site drying beds; 
front-end loaded 
from drying beds. 

YES - Biosolids stored, 
delivered to ASARCO 

mine. Class A Biosolids. 

Pima 
County 

Fairground
s WRF 

2 Primary 
Stabilization 

Ponds and an 
Overflow Pond. 

0.02 0.005 0.005 Trace N/A NO N/A N/A NO 

Biosolids are dried, 
scraped, and hauled to 

a landfill when 
necessary.  20 cu yards 

per year with weeds 
and debris. 

Avra Valley 
WRF BNROD 4 1.17 1.10 352 1862 

YES - 
Holding 

Tanks w/ 
Mixer 

Rotary 
Drum 

Thickener 
3.66 

YES - Hauled to 
SEI interceptor 

sewer tributary to 
Roger Rd. 

4 Sludge Drying Beds 
for Emergency Use. 

Corona de 
Tucson 
WRF 

Closed-loop 
reactors. 1.3 0.25 0.25 31 197 

YES - 
Aerated 
Holding 
Tanks 

None 0.73 

YES - Hauled to 
SEI interceptor 

sewer tributary to 
Roger Rd. 

NO 

Arivaca 
Junction 

WRF 

Aerated 
Facultative 

Stabilization Pond. 
0.1 0.06 0.06 Trace N/A NO N/A N/A NO 

Scrape from one lagoon 
when necessary and 

haul to landfill - 
Scheduled to close after 

gravity sewer line to 
Green Valley WWTP is 

completed. 

Marana 
WRF 

Includes 4 small 
biological nutrient 
removal package 
plants and a 0.5 

mgd Biolac 
activated sludge 

treatment system. 

0.7 0.25 0.26 54 350 

YES - 
Aerated 
Holding 
Tanks 

None 0.62 
YES - Hauled to 

Ina Rd for 
processing. 

NO 

Mt. 
Lemmon 

WRF 

Closed-loop 
reactors. 0.0125 0.0022 0.0031 <1 11 

YES - 
Aerated 
Holding 
Tanks 

Potentially 
with WAS 

tank but not 
practiced. 

0.52 

YES - Hauled to 
sewer MH 8716-
03, tributary to  

Ina Rd. 

NO 

Rillito Vista 
WRF 

2 stabilization / 
evaporation / 

percolation ponds. 
1 duty, 1 drying - 

alternating. 

0.015 0.007 0.006 Trace N/A NO N/A N/A NO 

Biosolids are dried, 
scraped, and hauled to 

a landfill when 
necessary. 20 cu yards 
per year w/ weeds and 

debris. 
Randolph 
Park WRF 

Membrane 
Bioreactor. 

3 2.36 2.45 556 
Returned to Conveyance 

System -> Roger Rd. 
NO None 0.46 NO NO 

* - Information provided by Pima County Regional Wastewater Reclamation Department Staff via spreadsheet  received on 1/20/2011 for year 2010 statistics. 
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1.3.2 Current and Planned Improvements - ROMP 

The ROMP study, completed in November 2007, outlined major changes to Pima County’s wastewater 
infrastructure. The purpose of the ROMP was to develop an optimal long range strategy to address 
multiple objectives, including the following: 

• Wastewater flow and capacity management 
• Meeting more stringent effluent requirements, mandated by the ADEQ, specifically nitrogen reduction 

• Upgrades and/or replacement of aging existing facilities. 

The ROMP also addressed biosolids management and biogas utilization in the context of the larger 
overall plan. Subsequent to completion of the ROMP, Pima County determined that additional study was 
required to more fully develop a long range plan for optimizing the beneficial use of these byproducts 
from wastewater treatment. 

The regulatory drivers behind the ROMP required that the new upgraded facilities be in compliance with 
new effluent standards by January 2014 for Ina Road WRF and January 2015 for Roger Road WRF 
(PCRWRD has set internal goals of having the Ina Road WRF improvements complete and operational by 
October 31, 2013, and the WRC complete and operational by August 31, 2014). Consequently, since 
completion of the ROMP study, Pima County has undertaken the implementation of many of the ROMP 
recommendations to meet this deadline. Most notably these include expansion and upgrades to the Ina 
Road WRF, and the selection of a design-build-operate contractor for the new WRC, which will replace 
the Roger Road WRF. As of mid-2011, design and construction of the Ina Road WRF upgrade and 
expansion is underway. The design-build-operate contractor for the WRC was selected and awarded in 
December 2010. 

The following sub-sections provide a brief overview of the treatment plant processes that will become 
part of the upgraded and expanded Ina Road WRF and the WRC. The discussion is in summary form and 
focused on processes that impact biosolids management. For additional information, the ROMP Final 
Report is made available to the public via Pima County Public Works website 
(http://www.pima.gov/wwm/pubs/romp_chapters.htm). In addition, the Ina Road WRF Capacity and 
Effluent Quality Upgrade Final Design Report (CH2M Hill, January 2011) summarizes the specific 
recommended upgrades and improvements at this facility. Finally, the accepted plan for the WRC is 
summarized in the Final Technical Proposal for Pima County Regional Wastewater Reclamation 
Department Water Reclamation Facility DBO Project, September 16, 2010 (CH2M Hill).  These reports 
will be made available once Pima County moves into a solicitation process.  

Also, PCRWRD supports Pima County’s efforts for improved sustainability in all aspects of County 
operations, and supports the Pima County Sustainable Action Plan. The viability of any potential biosolids 
and/or biogas utilization option will be judged, in part, on its compatibility with the goals outlined in the 
Pima County Sustainable Action Plan. The County’s Sustainable Action Plan can be accessed via the 
following link (http://www.pima.gov/sustainable/aug08actionplan-1.pdf ).   

1.3.2.1 Ina Road WRF Upgrade and Expansion 

The Ina Road Wastewater Reclamation Facility Upgrade and Expansion project has been implemented to 
upgrade the existing treatment processes to accommodate an increase in the rated hydraulic capacity 
from 37.5mgd to 50mgd. Improvements under this project include upgrading the solids handling 
facilities to accept the increase in influent as well as to accommodate solids produced from an 
additional 32mgd of treatment capacity at the new WRC (see Section 1.3.2.2). The new design 
capacities are based on projected flows for the year 2030 as defined in the November 2007 Pima 
County ROMP Final Report. The solids treatment processes will be sized to produce biosolids to Class B 
standards. 
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The existing solids treatment at the Ina Road WRF include gravity thickeners for primary sludge, DAFT 
thickeners for waste activated sludge (WAS), anaerobic digestion for thickened primary sludge and WAS, 
centrifuge thickening for digested sludge, and digested sludge storage. As part of the upgrade and 
expansion project the following modifications will be implemented to the solids treatment processes. 
Figure 1-1 shows the Ina Road WRF solids treatment process flow schematic and identifies the major 
streams and unit processes. 

• New Anaerobic Digesters: New anaerobic digesters will be added to accommodate the solids 
generated from the 50mgd plant as well as the 32mgd from the WRC to Class B standards. The four 
existing digesters (1.33mg each) will be utilized and two new digesters will be added. The new 
digesters will be upsized to 1.8 mg and will be fitted with gasholder covers with a long skirt length to 
provide greater storage of digester gas. A new equipment building is also included. 

• Additional Gravity Thickeners: The plant is currently equipped with four tanks – one as a gravity 
thickener to treat primary sludge, and three operating as dissolved air flotation thickeners for WAS. As 
part of the plant upgrade project, the DAFTs will be converted to gravity thickeners and all four tanks 
will treat primary sludge (the ability to operate these tanks as DAFTs will be retained). 

• New Gravity Belt Thickeners (GBTs): Three new 3-meter gravity belt thickeners will be added as part 
of the upgrades project and will be used to thicken the WAS from the Ina Road facility as well as 
primary sludge and WAS from the WRC. One of these GBT units has already been installed to thicken 
digested sludge).  

• New Waste Activated Sludge Receiving, Blending and Thickening Facility: Two of the existing 
secondary clarifiers will be converted to WAS storage and blending tanks that will receive WAS from  
Ina Road WRF and combined primary and WAS from the WRC, blend the WAS together, and feed the 
gravity belt thickeners. 

• New Storage of Dilute Digested Sludge: One of the existing secondary clarifiers will be retrofitted to 
serve as digested sludge storage and blending tank that will be used for emergency storage of dilute 
digested sludge should an interruption occur in the biosolids hauling/disposal process. 

• New Centrifuges: The existing centrifuge building will be retrofitted with three new centrifuges that 
will replace the existing units. The centrifuges will be designed to either dewater or thicken digested 
sludge. The existing sludge receiving/feed tanks and the centrate holding tank will be used as 
centrifuge feed tanks. Four new centrifuge feed pumps will draw digested sludge from the centrifuge 
feed tanks and deliver it to the new centrifuges. 

Table 1-4 lists the planned solids treatment facilities and the capacity after the upgrades and 
improvements are complete. 
 

Table 1-4.  Ina Road WRF, Expanded Solids Treatment Facilities 

Unit Process Number of Units Total Capacity 

Anaerobic Digesters 6 (4 existing, 2 new) 8.92 mg (4 at 1.33 mg 
and 2 at 1.8 mg) 

Gravity Belt Thickeners 3 (2 duty, 1 standby) 770 gpm each  
(1,540 gpm total) 

WAS Storage Tank 2 2,380,000 gallons total 

Centrifuges 3 350 gpm volumetric feed 
2,800 dry lbs/hr solids loading 

Digested Sludge Storage Tanks 1 1.18 mg 

Recycle Equalization Basin 1 1.18 mg 

Note: One gravity belt thickener is currently in temporary service to thicken digested sludge.  



Request for Expressions of Interest Section 1

 

 1-11

RFEI-Document1 

1.3.2.2 Water Reclamation Campus 

Pima County is also adding a new WRC as part of their wastewater management system. The initial 
capacity of the new WRC will be 32mgd annual average daily flow. The major unit processes of this new 
facility includes influent screening, grit/flocculation, DAF clarification, a 5-stage Bardenpho process, 
secondary clarification, disk filtration, and chlorine disinfection. The project also includes adding a raw 
sludge pipeline from the facility to Pima County’s existing sludge transfer pipeline that conveys raw solids 
to the Ina Road WRF, as well as a bypass sludge pipeline from the facility to the Plant Interconnect. 

Figure 1-2 shows the WRC solids process flow schematic and identifies the major streams and unit 
processes. Influent from the Interconnect Pipeline enters the facility through a diversion structure and is 
conveyed to the influent screens. The screenings are sent to a washer/compactor and are then stored in 
a roll-off box until they are hauled away. From the screens, the raw sewage is conveyed into an influent 
pump station where it is pumped into a flocculation/aerated grit basin and then to the DAF clarifiers. Grit 
classifiers will discharge the grit directly into the roll-off box with the washed and dewatered screenings. 
In the DAFs, the primary sludge are floated with air to the surface where they are skimmed off and sent 
to a thickened sludge storage tank. WAS from secondary treatment is also introduced at the head of the 
DAF clarifiers and co-thickened in the DAF unit with the primary sludge. Thickened sludge feed pumps 
pump the thickened sludge to the Ina Road WRF via the existing sludge transfer line or to the 
Interconnect via the new bypass sludge line. Table 1-5 lists the solids treatment processes and the 
capacities of each. 

 
Table 1-5.  WRC Solids Treatment Facilities  

Unit Process Number of Units Total Capacity 

DAFs, for co-clarification of primary 
sludge and WAS 5 duty, one standby 6.4mgd each, at average plant influent 

flow 

Thickened Sludge Pumps 2 (1 duty, 1 standby) 500gpm, each 

 

1.3.2.3 Sub-regional Facilities 

As described above, several small wastewater treatment facilities are owned and operated by Pima 
County some of which will require expansion in the future to accommodate population growth near those 
facilities. Pima County currently operates eight sub-regional wastewater treatment facilities, plus an 
urban water reclamation plant (Randolph Park WRF). Seven of the eight facilities are located in areas of 
significant future population growth. The future plan is to expand four of these facilities and combine 
three with the other existing facilities through interconnecting gravity sewers. The remaining two facilities 
will remain at their current size because of build-out or growth restrictions in the service areas. The four 
plant expansions will increase capacities from less than 1mgd to approximately 4 to 6mgd. 

1.4 Economic and Financial Matters 
The RWRD Financial Plan can be obtained from the department web site: 

http://www.pima.gov/wwm/finance/finplans.htm 

1.5 County Retained Responsibilities 
In general, under any procurement approach to biosolids or biogas related projects, Pima County will 
retain responsibility for policy, planning, regulatory enforcement, permitting, capital improvements, 
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setting rates, billing and collection, and overall administrative and financial management of the utility 
enterprise funds. 

Ownership, financing and operational responsibility shall also remain with Pima County with respect to 
the entire System, except to the extent that Pima County considers using the design-build-finance, 
design-build-operate, design-build-finance-operate, or design-build-finance-own-operate procurement 
models to implement particular Projects. 

1.6 County Website 
Additional documents and information may be available for use by the respondent. Additional 
information, if and when available, will be posted on the Internet at http://www.pima.gov/procure/ifbrfp-
dc.htm. Respondents are advised that the documents posted on the website will have been prepared in 
the course of Pima County’s development of the ROMP, as well as other County projects. 

1.7 County Team 
The information received in response to this RFEI will be reviewed and analyzed by representatives of 
PCRWRD, Pima County, Pima County Attorney’s Office, Pima County Finance and Risk Management 
Department, and Brown and Caldwell (consulting engineers), and Greeley and Hansen (ROMP program 
managers). 

1.8 Timetable 
Following issuance of this RFEI, respondents may submit written questions to Pima County to assist 
them in preparing their responses. Pima County may, but is not be obligated to, formally respond to such 
questions. All responses to these questions and requests for additional information which Pima County 
determines to warrant a response will be addressed at the Pre-Submittal Meeting or issued in the form 
of addenda to this RFEI. Pima County will hold a Pre-Submittal Meeting to present the Project and the 
goals and objectives of this RFEI to potential respondents and to provide them the opportunity to ask 
pertinent questions. The Pre-Submittal Meeting will take place at 8:30 AM on July 25, 2011 at City of 
Tucson and Pima County Public Works Building, Basement Conference Room C, 201 North Stone Avenue, 
Tucson, Arizona 85701. 

For planning purposes, Pima County requests that each potential respondent planning to attend the 
Pre-Submittal Meeting notify Pima County by email to Jing.Luo@wwm.pima.gov by July 15, 2011 with the 
total number of attendees. 

Pima County requests that responses be submitted no later than August 22, 2011 (RFEI Response Due 
Date). Responses should be reasonably succinct. Pima County further requests that responses include a 
letter of transmittal that identifies the name, address, title, telephone number, and email address of the 
contact person who will serve as the interface between Pima County and the respondent. 

One (1) original and five (5) hard copies as well as one (1) electronic copy of respondent’s response 
should be submitted on or before the RFEI Response Due Date to: 

Jing Luo, Ph.D, PE 
PCRWRD Civil Engineering Manager 
Public Works Building 
201 N. Stone Ave, 8th Floor 
Tucson, AZ 85701-1207 
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1.9 Communications 
Inquiries, questions and correspondence relating to this RFEI should be submitted by e-mail to 
Jing.Luo@wwm.pima.gov. 

1.10 Costs 
The costs and expenses associated with the preparation of a response, attendance at the Pre-Submittal 
Meeting, and preparation of all other information required pursuant to this RFEI will be borne by the 
respondent. In no event will a respondent have a claim against Pima County, its staff, or its consultants 
or agents for reimbursement of any such costs or expenses. 

1.11 Respondents 
Pima County is seeking responses from private firms, or teams of private firms, with expertise in 
developing, designing, building, operating and maintaining, managing, or financing wastewater 
treatment facilities and systems (especially biosolids and/or biogas facilities), or any combination of the 
foregoing. 

Particularly, Pima County is interested in receiving useful input from private firms who may have interest 
in participating in biosolids and/or biogas projects that are being considered under the following viable 
procurement approaches: traditional design-bid-build; design-build; design-build-finance (turn-key); 
design-build-operate; design-build-finance-operate; design-build-finance-own-operate; or construction-
manager-at-risk. 

Stakeholders not in the private sector are also invited to make submittals as to matters addressed in 
this RFEI if such stakeholders have information they believe Pima County should consider in making its 
biosolids and biogas related decisions. 

1.12 RFEI Responses 
1.12.1 RFEI Response Format 

Respondents are requested to provide information that they believe will help Pima County in determining 
the optimal technologies, approaches and procurement approach for implementing biosolids 
management systems and biogas utilization systems. Responses shall not be prepared as a statement 
of qualifications or a proposal for the Projects. 

Respondents are requested to address the following, as detailed below: 
• Respondent Information 

• Interest in Biosolids or Biogas Management and Utilization, or Both (see below) 

• Technical Approaches 
• Project Delivery Methods Commentary 

• Institutional, Contractual and Legal Considerations 

• Economic and Financial Considerations. 

1.12.2 Respondent Information 

The respondents should provide pertinent information about their company, including: name; address; 
business description; relevant experience; reference project information; brief organizational and 
financial profile; contact person or persons; contact information, including phone and fax numbers and 
email address; and website address. 
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Respondents may submit information individually or jointly with other interested parties or firms. Joint 
submissions will not be considered by Pima County to constitute any formal teaming arrangement. 

1.12.3 Specific Areas of Interest – Biosolids and/or Biogas 

Respondents are requested to identify whether they are interested in biosolids management or biogas 
management, or both. In addition, the respondents should identify technologies, potential contracting 
opportunities (e.g. contract haul and application of biosolids to agricultural land), a combination of 
technology and contracting, or another approach that could benefit Pima County. Finally, if appropriate, 
the respondents should identify the delivery method or methods they believe Pima County should 
consider when implementing their ideas.  

In addition, respondents should comment on their ideas and willingness to assist in engaging with Pima 
County in a public-private partnership to implement their ideas to the mutual benefit of Pima County and 
the respondents company. Ideas for public-private partnership include, but are not limited to financing, 
ownership, ownership with lease-back to Pima County, operations, research, etc. 

1.12.4 Delivery Method Commentary 

Respondents are asked to comment on each of the project delivery methods of particular interest to 
them, and discuss the basis of their interest. Specific suggestions as to how these procurements should 
be carried out in practice under State procurement law are encouraged. The advantages and 
disadvantages of the proposed procurement method, as it applies to the responder’s area(s) of interest 
and offering is also specifically requested. Case studies, both of U.S. and international projects, can be 
usefully cited, especially where similarities between Pima County’s situation and the case study can be 
identified and described. Pima County is also interested in suggestions as to variants on the particular 
procurement models discussed in this RFEI. 

1.12.5 Institutional, Contractual and Legal Considerations 

Pima County wishes to receive input on institutional, contractual and legal considerations bearing upon 
the development of projects to support biosolids management and biogas utilization. This input may 
include commentary on alternative project delivery practice in Pima County and Arizona generally; 
regulatory agency issues, such as the approach of permitting agencies to alternative project delivery and 
regulatory standards; inter-municipal matters; the role of other institutions or organizations in 
implementing the ROMP using alternative project delivery; approaches to establishing a fair, equitable 
and efficient procurement process; and contract structuring issues, such as the allocation of risk and 
responsibility that would best serve Pima County’s interests. 

1.12.6 Economic and Financial Considerations 

Pima County also is requesting input on economic and financial considerations. Economic 
considerations include how and why the cost may differ among the contemplated delivery methods, and 
information relative to “risk costing”. Supporting information from specific case studies and references 
would be of particular value. Financial considerations should focus primarily on possible private 
financing approaches and may include suggestions on innovative public financing approaches. 
Information regarding taxable versus tax exempt debt; equity; financing guarantees; revenue and 
collateral pledges; project ownership; renewable energy credits (RECs) and comparisons with traditional 
municipal bond issuance would be helpful. Information on how grants could be used specifically to 
enhance the respondent’s proposed approach is also requested. 
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1.12.7 Answers to Questions 

Respondents are requested to answer the specific questions set forth in Section 4.0 of this RFEI, to the 
extent the questions relate to the respondent’s experience, and area(s) of interest. In lieu of answering 
such questions sequentially as presented, respondents may incorporate answers in the text provided in 
response to the general subjects raised in the sections above. Pima County is interested in receiving 
commentary and suggestions in the manner each respondent determines will most effectively 
communicate its response to the matters raised in this RFEI and assist Pima County in its decision-
making process. 
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Section 2 

Biosolids and Biogas Utilization 
Objectives and Criteria 
2.1 Scope and Objectives of System-wide Biosolids and Biogas 

Utilization Master Plan 
Pima County commissioned the development of the System-wide Biosolids and Biogas Utilization Master 
Plan (Master Plan) to identify the optimal strategy for managing current and projected biosolids and 
biogas production from its wastewater reclamation facilities. 

Pima County owns and operates two major wastewater reclamation facilities and a smaller wastewater 
reclamation facility in the metropolitan (Metro) area of Tucson. In addition, Pima County owns and 
operates eight non-metropolitan (Sub-regional) wastewater reclamation facilities which serve population 
centers outside of metropolitan Tucson. 

As explained in Section 1, Pima County’s system is undergoing significant changes through the 
implementation of the ROMP. The ROMP Study, completed in November 2007 (see Pima County’s 
website, under Public Works for access to the complete Final ROMP report), recommended significant 
changes to Pima County’s facilities in order to meet more stringent regulatory mandated effluent 
standards with respect to ammonia and nitrogen. As part of this study effort, capacity expansion was 
also considered to meet growing demand for wastewater service within Pima County’s service area 
through the year 2030. The most significant recommendations to evolve from the ROMP included: 
• Expanding the Ina Road WRF capacity to 50mgd 

• Decommissioning the existing Roger Road WWTP and replacing it with a new WRC to treat 32mgd. 

The schedule for completing the ROMP implementation to meet regulatory compliance for upgraded 
nitrogen removal is January 2014 for the Ina Road WRF upgrades, and January 2015 for the 
replacement of the Roger Road WRF.  

The management of biosolids - the organic solid residuals that result from wastewater treatment - was 
also addressed as part of the ROMP. Currently, biosolids from the Roger Road WWTP are anaerobically 
digested on-site then transferred (via pumping and pipeline) to Ina Road for thickening. The ROMP 
recommended that the processing of biosolids produced at Ina Road WRF and the new WRC be 
consolidated at Ina Road WRF. This includes an expansion of the current anaerobic digestion process for 
solids stabilization, and thickening of digested sludge as preparation for haul to agricultural land 
application sites. The ROMP acknowledged that Pima County’s current biosolids management program 
of agricultural land application of thickened Class B biosolids (slurry) was currently viable and 
economical. However, the ROMP also acknowledged the current biosolids management program to be 
one-dimensional and vulnerable to changes, such as reduction in available agricultural land for land 
application within cost-effective hauling distances. Consequently, the ROMP recommended a 
comprehensive study to develop a long term and sustainable plan for managing biosolids produced from 
Pima County facilities, including the Sub-regional Facilities. This Master Plan study is a result of this 
ROMP recommendation. 
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In addition, the management of biogas – the methane rich byproduct from the anaerobic digestion of 
raw wastewater solids – requires consideration as part of the master plan. Currently, the Ina Road WRF 
uses biogas produced on-site to produce electric power in an on-site power generation facility and 
recovers heat from this process to meet the thermal energy needs of the plant. The power generation 
facility, constructed and in operation since the 1970s, uses out-dated engine-generator technology and 
requires extensive maintenance and associated costs to keep in operation. It is Pima County’s desire to 
decommission the existing power generation facility and replace with another form of biogas utilization 
that will benefit Pima County economically, as well as support Pima County’s goals for energy efficiency 
and sustainability. With the decommissioning of the energy recovery facility, it is important that other 
sources of thermal energy are considered to meet the thermal energy demands of the plant (thermal 
energy need projections are summarized in the Ina Road WRF Energy Master Plan, 2010).  Further, the 
consolidation of solids processing at Ina Road WRF will result in significantly more biogas production 
than what is currently produced at this facility. Therefore, the biogas utilization planning must also 
account for this increase in production. 

Managing biosolids produced from the Sub-regional Facilities is also a component of the Master Plan. 
The ROMP recommended that the Sub-regional Facilities be retained and expanded as necessary to 
meet future growth in population centers outside of metropolitan Tucson. Currently, with the exception of 
Green Valley Wastewater Reclamation Facility (GVWRF), and the smaller facilities that do not haul solids 
off-site, biosolids from these Sub-regional Facilities are hauled as liquid slurry and discharged into the 
collection system of the Roger Road WRF or Ina Road WRF where the solids are processed as part of 
those plant’s treatment processes. Once combined, and processed through anaerobic digestion and 
thickening, all solids are sent to land application as described above. Only the GVWRF currently 
processes biosolids on-site and sends these biosolids to beneficial use (mine reclamation) independent 
of the solids processed at Ina Road WRF. 

The over-arching objectives of the Master Plan include the following: 
• Develop a comprehensive biosolids management and utilization strategy 

• Develop a comprehensive biogas utilization strategy. 

Within these over-arching objectives, there are additional objectives and criteria that guide this study. 
These include the following: 
• The resulting plan must be consistent with the ROMP’s planning horizon – through the year 2030 

• The recommended plan must be consistent with Pima County’s Sustainable Action Plan 

• Current and any foreseeable changes in regulations must be accommodated 
• The resulting plan must be cost-effective and sensitive to Pima County rate payers 

• The resulting plan must be tailored to Pima County’s unique circumstances 

• The resulting plan must be reliable long term 
• The resulting plan must rely upon proven technology and approaches. 

In addition, criteria specific to the biogas utilization planning include the following: 
• The biogas utilization plan must be consistent with Pima County’s goal of no flaring (wasting) of gas 

(except under emergency conditions). 
• The biogas utilization plan must account for the increased gas production at Ina Road WRF that will 

result from the transfer of raw solids from the WRC starting as early as June 2014. 

• The resulting plan for biogas utilization must be coordinated with the Ina Road WRF Energy Master 
Plan, completed in 2010. 

• The resulting plan must account for and facilitate a modification to Pima County’s air quality permit 
for the Ina Road WRF. 
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An overview of existing Pima County solids treatment facilities and recommended ROMP improvements 
is provided in Section 1. 

2.2 Biosolids and Biogas Master Planning Projections 
Previous and on-going work (ROMP and design activities for the Ina Road WRF and the WRC) has 
projected biosolids through the year 2030 for both Ina Road WRF and the WRC. The paragraphs below 
provide a brief overview of analyses performed as part of the Master Plan to review these projections. 

2.2.1 Methodology 

In evaluating biosolids and biogas projections, two conditions were considered in order to bracket the 
production estimates over the planning horizon: 

• Start-up, 2014 for the Ina Road WRF, and 2015 for the WRC. 
• Full capacity, 2030. 

The ROMP provided biosolids and biogas projections based on the planning work conducted in 2006-
2007. Since completion of the ROMP, additional studies have been completed and recommendations 
and assumptions used in the ROMP for biosolids projections have evolved through these studies. 
Specifically, besides the ROMP, the following three documents were referenced in evaluating biosolids 
and biogas projections: 

• Ina Road WRF Capacity and Effluent Quality Upgrade Final Design Report (CH2M Hill, January 2011) 
• Final Technical Proposal for Pima County Regional Wastewater Reclamation Department Water 

Reclamation Facility DBO Project, September 16, 2010 (CH2M Hill) 

• Pima County RWRD Energy Master Plan, March 2010 (CH2M Hill). 

Note that each of the documents above will be made available when Pima County moves in to a 
solicitation process.  

The Biosolids and Biogas Master Planning Team reviewed and considered assumptions and criteria 
developed in the ROMP and in these subsequent documents in developing biosolids projections. In 
addition, Pima County provided current data on wastewater influent characteristics which were reviewed 
in order to establish a baseline for future projections. These were projected forwarded for estimating 
future biosolids production. Likewise, performance of the existing digesters at Ina Road WRF was 
considered in projecting biogas production into the future.  

Biogas projections evolve first from the biosolids projections described above, and an estimation of the 
performance of the Ina Road WRF anaerobic digesters in the future. Again, to the degree practical, major 
assumptions documented in the studies noted above were considered and where deemed appropriate 
altered based on experience, or operating data provided by Pima County. 

2.2.2 Biosolids Projections 

Table 2-1 provides a summary of biosolids projections from the two large water reclamation facilities 
serving Pima County. As shown, primary sludge production is estimated independent from secondary 
sludge production. 
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Table 2-1.  Raw Solids Projections 

Biosolids Annual Average 

Plant 
year 

Influent 
Flow 
mgd 

Estimated 
Primary TSS 

lbs/day 

Estimated 
primary VSS 

lb/day 

Estimated 
Percent 
Solids to 
Digestion 

Estimated 
Primary 

sludge Flow 
to Digestion 
gallons/day 

Estimated 
Secondary 

TSS 
lbs/day 

Estimated 
Secondary 

VSS 
lbs/day 

Estimated 
Percent 
Solids to 
Digestion 

Estimated 
Secondary 

Sludge Flow 
to Digestion 
gallons/day 

Ina Road WRF 

WRC 
Start-up 

2014 
30 48,100 36,800 4.50% 128,100 25,900 29,200 7.50% 41,400 

Full 
Capacity 

2030 
50 mgd 91,000 69,600 4.50% 243,500 49.000 38,200 7.50% 48,300 

Water Reclamation Campus 

WRC 
Start-up 

2014 
28 40,300 (1) 33,100 7.50% 64,500 (1) 45,900 (1) 35,800 7.50% 73,300 (1) 

Full 
Capacity 

2030 
32 mgd 46,100 (1) 37,800 7.50% 73,700 (1) 52,400 (1) 40,900 7.50% 83,800 (1) 

(1) Mixed primary and secondary sludge co-removed in DAF primaries. Mixed sludge pumped to Ina GBTs. 

 

In Table 2-2, solids projections from Table 2-1 for 2014 and 2030 are compiled into projections of raw 
solids to the Ina Road WRF digesters, and using assumptions on digester performance (volatile solids 
reduction) projections for solids to beneficial use are also provided, in terms of dry weight. Two 
additional columns provide estimates of wet solids production on the basis of slurry (current operation) 
and dewatered cake (implementation of dewatering centrifuges is in progress as part of the Ina Road 
WRF Upgrade and Expansion project). 

 
Table 2-2.  Solids to Digestion and Beneficial Use – Ina Road WRF 

Year 

Estimated Total 
Solids to 
Digestion 

dry lbs/day 

Estimated Total 
Volatile Solids to 

Digestion 
dry lbs/day 

Estimated Total 
Liquid to 
Digestion 
gals/day 

Estimated Total 
Biosolids to 

Beneficial use 
dry lbs/day (2) 

Estimated Total 
Liquid to 

Beneficial Use 
gals/day (3) 

Estimated Total 
Cake to 

Beneficial use 
wet lbs/day (4) 

2014 (1) 160,800 125,800 307,300 81,900 163,600 372,100 

2030 (1) 238,500 186,500 478,300 122,300 244,500 556,100 

(1) WRC start-up and Full Capacity – all solids to Ina 
(2) BC estimates assumes 55% VSR and 90% capture in centrifuges 
(3) Assumes digested sludge thickened to 6% TS 
(4) Assumes digested sludge dewatered to 22% TS 
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It should be noted that future projections of solids to beneficial use assumes conventional mesophilic 
anaerobic digestion is retained at Ina Road WRF. If enhanced digestion technologies or other types of 
solids treatment technologies are considered, projections of biosolids for beneficial use will be impacted. 

2.2.3 Biogas Projections 

As stated above, biogas projections evolve from projections of raw solids to digestion, and assumptions 
regarding performance of the digesters in terms of converting volatile solids to biogas and other 
constituents. Table 2-3 presents biogas projections; these are presented in terms of a range to reflect 
some uncertainty regarding various factors influencing biogas production including the unit volume of 
gas produced per pound of volatile solids destroyed. 

 
Table 2-3.  Biogas Projections – Ina Road WRF 

Year 

Estimated Total 
Volatile Solids 

(VS) to 
Digestion 
lbs/day 

Aggregate 
Volatile Solids 

percent 

Estimated 
Volatile Solids 

Reduction 
percent 

Estimated 
Cubic Feet 

Biogas Per lb 
VS Destroyed 

Estimated Gas 
Production 

cubic feet per 
day average (1) 

Estimated 
Biogas BTU 

Content 
BTU/cubic feet 

Estimated 
Biogas Energy 

Production 
million 

BTU/day 

WRC Start-up 
2014 

125,800 78.5 55 12 - 15 
830,000 - 
1,038,000 

600 500 - 623 

Full Capacity 
2030 

186,500 78.2 55 12 – 15 
1,231,000 -- 
1,539,000 

600 738 - 923 

(1) Range reflects potential range in unit gas production, cubic feet of gas per pound of volatile solids destroyed (12 cu ft per lb VS 
destroyed was used in ROMP and in Ina Road WRF Energy Master Plan). 

 

As stated above, these projections assume conventional mesophilic anaerobic digestion is retained for 
solids stabilization at the Ina Road WRF. Changes in solids treatment technologies or processes could 
influence biogas production. In addition, Pima County is considering using a portion of biogas production 
as fuel for boilers to meet the plant’s thermal energy demand. Therefore, not all of the gas produced 
from digestion will be available for another type of beneficial use (refer to the Ina Road WRF Energy 
Master plan for a more complete description of plant thermal needs). Alternatively, if another source of 
thermal energy is developed in conjunction with developing a biogas utilization strategy, as much as 100 
percent of biogas could be available for beneficial use. Pima County is interested in responder’s ideas on 
how biogas production can be beneficially utilized to maximize the benefit – economic or otherwise – for 
Pima County. 

2.2.4 Green Valley WRF 

Of all the Sub-regional facilities, the GVWRF has the most significant biosolids processing facilities, 
including facilities originally intended for thickening, aerobic digestion, dewatering and air drying; solids 
are also beneficially utilized off-site as described below. The GVWRF is located south of Tucson along the 
east side of the Santa Cruz River. The facility’s 2004 expansion included the addition of a 2.0mgd 
treatment train utilizing a Biological Nutrient Removal Oxidation Ditch (BNROD) and increased the total 
permitted treatment capacity to 4.1mgd (average dry weather flow). The additional flow capacity is 
provided by a 2.1mgd Class B effluent producing process, consisting of two trains of primary and 
secondary aerated lagoons followed by two effluent maturation/settling lagoons and four percolation 
basins. Flows greater than BNROD’s capacity are directed to the aerated lagoons and polishing ponds. 
Effluent is disposed of through percolation, reuse, and delivery. Pima County has a contract to deliver up 
to 1mgd of Class A+ and B effluent to Robson/Quail Creek Inc.  
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The ROMP estimated biosolids production from GVWRF to be 6.1 dry tons per day in 2030 based on 
influent flow of 4.4mgd. 

GVWRF is the only Sub-regional facility with biosolids handling and disposal capacity. The sludge is 
thickened, partially stabilized in aerated holding tanks, and dried before being utilized as a mine tailing 
reclamation product at the ASARCO Mines. Dried solids (greater than 90 percent Total Suspended Solids 
(TSS)) are transported to the ASARCO Mission Mine Facility for utilization as a soil amendment for 
establishing vegetation on mine tailings. This disposal option is occurring through a research project 
associated with the University of Arizona. 

The GVWRF has also had serious odor complaints from nearby residents. Input from plant operations 
staff has indicated the solids treatment processes are likely the most significant contributors to the odor 
complaints. Consequently, attention has been focused on the GW WRF’s solids processes to not only 
improve overall reliability of biosolids management at this plant but also odor control. 

2.3 Air Quality and Permitting Issues 
The Ina Road WRF is a permitted Class I facility from an air permitting perspective. A minor air permit 
revision application was submitted to Pima County Department of Environmental Quality (PDEQ) in 
August 2009 for increasing the Ina Road WRF treatment capacity to 50 MGD and to add a new 
emergency flare to accommodate the need for greater flare capacity to burn the anticipated larger 
quantity of gas generated by the plant expansion, plus solids transferred from the WRC.  The minor air 
permit revision was issued by PDEQ on March 11, 2010. A permit renewal application was submitted to 
PDEQ in March 2010; PCRWRD is waiting for PDEQ to issue the renewed permit. 

A modification to the Air Quality Operating Permit will be initiated based on the recommended and 
approved plan for biosolids and biogas utilization evolving from the System Wide Biosolids and Biogas 
Utilization Master Plan. This is expected to be a minor modification. Responders to this RFEI should 
understand that it is PCRWRD’s strong desire to avoid a major modification to the Air Quality Operating 
Permit due to schedule constraints. If a major modification is required, implementation of the 
recommended biogas and/or biosolids utilization plan could be delayed significantly. 

2.4 Summary of Applicable Biosolids Related Regulations 
It is a requirement that any process, technology or approach related to biosolids management or 
utilization comply with all applicable regulations. Besides the federal requirements set forth in 
40CFR503, and administered by Region 9 of the US Environmental Protection Agency (USEPA), the State 
of Arizona has requirements and regulations that govern the beneficial use and/or disposal of biosolids. 
These are summarized in the paragraphs below. 

On March 31, 2004, USEPA Region 9 approved the Arizona Department of Environmental Quality 
(ADEQ)’s Biosolids/Sewage Sludge Management Program for implementation in Arizona, except on tribal 
lands. Arizona is one of the few states with primacy or responsibility for the administration and 
enforcement of its own biosolids program. ADEQ’s biosolids management program implements Section 
503 of the Clean Water Act and requires any person applying, generating, or transporting biosolids in 
Arizona to register with the state department. 

Biosolids programs are additionally regulated under 18 A.A.C. 9, Article 10 and includes requirements for: 
• Treatment, Transportation, Land Application, and Management of Biosolids 

• Class I Management Facilities, other Major Wastewater Treatment Plants and Treatment Works 
Treating Domestic Sewage 

• Management Practices and Application of Biosolids to Reclamation Sites. 



Request for Expressions of Interest Section 2

 

 2-7

RFEI-Document1 

Incineration of biosolids is prohibited in Arizona. 

In addition to complying with the requirements in 40 CFR 503, Subpart C, any biosolids processing or 
composting facilities must apply for an Aquifer Protection Permit (APP). Additionally, mine operations 
operate under an APP and subsequently utilization of biosolids for mine reclamation must comply with 
APP requirements.  

If ADEQ determines that the site restrictions and management practices for land application will not 
protect public health or the environment, ADEQ may impose case-by-case requirements or require an 
AZPDES Permit. 

2.4.1 Land Based Programs 

Farmers who want to use biosolids as a fertilizer in their agricultural lands in Arizona must register their 
land with ADEQ, and provide annual reports that detail information such as quantity of application and 
metal concentrations and nitrogen content of the biosolids. There are numerous restrictions including 
depth to groundwater, slope, proximity to neighbors, types of crops, land access and harvest dates.  
Agronomic application rates are calculated based on the amount of nitrogen required to grow a given 
crop. Marana County has an ordinance requiring incorporation of biosolids post application within 
24 hours.  

2.4.2 Best Management Practices for Land Application of Biosolids 

Land on which biosolids with Class B pathogen reduction requirements are applied is subject to the use 
restrictions established in R18-9-1009.  

An applicator of bulk biosolids that are not Exceptional Quality biosolids shall comply with the following 
management practices at each land application site, except a site where bulk biosolids are applied for 
reclamation. 

• The soil and biosolids mixture must have a pH of 6.5 or higher immediately after land application. 
• Biosolids shall not be applied to land with slopes greater than 6 percent unless the site is operating 

under an AZPDES permit. 

Bulk biosolids may be applied to land under the following conditions: 
• Bulk biosolids with Class A pathogen reduction (fecal coliform < than 1000 MPN/g total solids dry 

weight basis, and salmonella < 3 MPN/ 4g total solids dry weight basis), if the depth to groundwater 
is 5 feet or less. 

• Bulk biosolids with Class B pathogen reduction (fecal coliform < than 2,000,000 MPN/g total solids 
dry weight basis in 7 samples): 

− If the depth to groundwater is 10 feet or less. 

− To gravel, coarse or medium sands, or sands with less than 15 percent coarse fragments, if the 
depth to groundwater is 40 feet or less from the point of application of biosolids. 

Bulk biosolids may not be applied to land that is 32.8 feet or less from navigable waters, and 1000 feet 
from a public or semi public drinking water supply well, 250 feet from any well, or within 25 feet of a 
public right away or private property. 

Bulk biosolids may not be applied with less than 10 percent solids at a rate that exceeds the annual 
application rate. 

To date Pima County’s land application has remained in compliance with state and federal regulations 
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2.4.3 Best Management Practices for Mine Reclamation 

The majority of best management practices outlined by ADEQ for mine reclamation are identical to the 
rules for land application with a few additional stipulations.  

The rules stipulate that application rates of biosolids not exceed “5X the agronomic rate” of nitrogen or 
150 dry ton per acre on any portion of the reclamation site. Further, the rules stipulate that biosolids 
may only be applied to sites with a pH of 6.5 or greater and with slopes of less than 6 percent. These 
restrictions were placed to address the concerns of ADEQ about potential excess nitrates leaching into 
the groundwater or running offsite, and the possible mobility of heavy metals. 
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Section 3 

Alternative Delivery Project Methods 
3.1 Overview 
Traditionally in Arizona, design-bid-build has been the generally used and legally required procurement 
method for public works. This project delivery method consists of two phases: a design phase and a 
bidding and construction phase. In the first phase, a design professional is hired, usually on a 
qualifications-based competitive selection process, to assist Pima County in planning and designing the 
project, and supervising (or managing) the bidding and construction processes. In the second phase, 
bids are solicited by Pima County from construction companies in accordance with a publically 
advertised request for bids and the lowest responsible bidder is selected to construct the project. Pima 
County is responsible for managing the contracts of both the design professional and construction 
contractor throughout the entire process. 

The State enacted omnibus legislation in 2000 that greatly expanded permissible project delivery 
methods. The Arizona public works procurement code is now among the most flexible in the country. 
Accordingly, Arizona law permits Pima County to consider the following project delivery methods: 
• Traditional Design-Bid-Build (DBB) 

• Design-Build (DB) 

• Design-Build-Finance (DBF; Turn-key) 
• Design-Build-Operate (DBO) 

• Design-Build-Finance-Operate (DBFO) 

• Design-Build-Finance-Own-Operate (DBFOO) 
• Construction-Manager-at-Risk (CMAR). 

The sections below summarize the primary alternative delivery methods that are presently allowed. Pima 
County, to date, has for the most part employed the design-bid-build approach. In recent years, it has 
begun to use construction-manager-at-risk contracting, and also, for smaller, job order projects, some 
design-build procurement. Also, Pima County has completed the procurement of a Design-Build-Operate 
contractor for the WRC. Pima County does not, however, have significant experience with design-build, 
design-build-finance, design-build-finance-operate, or design-build-finance-own-operate procurements. 
This RFEI process has been undertaken as part of Pima County’s effort to familiarize itself with how 
these other methods would work in Arizona as a practical matter, and to assess market interest. 

In conjunction with Pima County’s effort to familiarize itself with various alternative project delivery 
methods available for the Projects, Pima County is also exploring all public and private innovative options 
that are allowed and feasible under each of the alternative project delivery methods provided below. 

Pima County is open to any delivery methods allowable under Arizona Law, ARS Title 34. Questions 
relating to financing options and each of the alternative project delivery methods are provided below in 
Section 4. 

3.2 Requests for Proposals 
Pima County may elect, following the RFQ process, to conduct a public competitive request for proposals 
process. The RFP must be issued to the three pre-qualified firms. Technical and price proposals are 
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opened and scored separately, with the highest scored proposal selected. Clarifying discussions are 
permitted prior to the submittal of final technical and price proposals. A stipend must be paid to 
responsive but unsuccessful proposers in an amount at least equal to 2/10ths of 1 percent of Pima 
County’s final budget for the project. 

3.3 Design-Build and Related Project Delivery Methods 
The State procurement code defines “design-build” as a project delivery method in which (1) there is a 
single contract for design and construction services; (2) design and construction may be in sequential 
phases or concurrent phases; and (3) finance services, maintenance services, operations services, 
preconstruction services, and other related services may be included. Thus, Pima County has general 
legal authority to use the design-build, design-build-finance, design-build-operate, design-build-finance-
operate and design-build-finance-own-operate project delivery methods. 

Design-build and related procurements operate to create one point of responsibility for multiple services. 
They also operate to transfer design liability from the owner to the private contractor assuming full 
responsibility for construction and other services. These alternative project delivery methods are 
generally believed to have the potential to shorten the project schedule by allowing design and 
construction work to proceed in parallel. Cost savings and risk transfer are also generally regarded as 
achievable using design-build and related procurements, potentially at the loss of some degree of 
municipal control over design details. 

3.4 Construction-Manager-at-Risk 
Construction-manager-at-risk procurements are also authorized in Arizona. These are defined as a 
project delivery method in which there is a separate contract for design services and construction 
services (including preconstruction and design services). A contract for design services and a contract 
for construction services may be entered into and performed at the same or different times under this 
delivery method. 
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Section 4 

Questions and Comments 
4.1 General 
Pima County is interested in respondent’s answers to the questions set forth below as it formulates its 
approach to meeting Pima County’s biosolids and biogas utilization objectives, as well as how to 
implement their ideas. Pima County recognizes that not all questions set forth below are relevant to each 
responder and their ideas. Please answer those questions that pertain to the particular technology, 
approach, and/or delivery method or methods you are interested in or with which you have particular 
experience. 

While we have attempted to group the following questions under general, topical section headings, 
please note that many of these topics will overlap. For example, many of the questions relating to the 
design-build method of project delivery apply equally to the design-build-finance, design-build-operate, 
design-build-finance-operate and design-build-finance-own-operate methods of project delivery. 
Accordingly, please review all of the following questions carefully and answer each of the questions that 
pertain to your preferred method or methods of project delivery. 

Section 4.2.4 poses questions with respect to how innovative financing options may be incorporated into 
these project delivery methods. 

4.2 Technologies 
The questions below seek to determine if the responder has a technology or technology based approach 
that may benefit Pima County. Questions are subdivided into Biosolids and Biogas; however, Pima 
County understands that there may be over-lap between the two. Questions are not intended to be all 
inclusive with respect to information that may be pertinent; responders are asked to provide whatever 
information they believe is necessary to completely convey their offering or idea, provided the 
information is organized, succinct and easily readable. 

Note that PCRWRD is interested in responders’ ideas related to both the large scale biosolids and biogas 
processing systems at Ina Road WRF, as well as ideas that may apply to the Sub-regional facilities also. 

4.2.1 Biosolids 
Identify a biosolids technology you believe may benefit Pima County. Identify your company’s role in 
implementing this technology for Pima County if selected for implementation. Technology categories 
include but are not limited to the following: 

a. Biosolids treatment (e.g. to enhance digestion, to achieve Class A, etc) 

b. Dewatering 

c. Thickening 
d. Drying 

e. Conversion to another usable form (e.g. conversion to biofuels) 

f. Conversion to a marketable product (e.g. compost, fertilizer). 
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1. Identify an approach to biosolids management that may enhance long term reliability over Pima 
County’s current program. Identify your company’s role in implementing this approach if selected for 
implementation. Categories include but are not limited to the following: 

a. Haul and land application 

b. Product marketing 
c. Operation of all or a portion of the Ina Road WRF solids treatment processes 

d. Operation of biosolids processing at one or more Sub-regional Facilities 

e. Post thickening/dewatering further treatment and modification to enhance marketability. 
2. Identify technologies or approaches that can integrate biosolids management with biogas 

management to optimize objectives of each. 

3. Identify how technologies or approaches identified above contribute to the goals and objectives 
listed in Section 2 of this RFEI. 

4. A formal proposal is not requested at this time; however, based on information provided in this RFEI 
and information available via referenced and available documents, provide preliminary sizing 
information; examples: number of units and size/capacity, land area required, consumption of 
commodities, such as power, water, natural gas, etc., and production of marketable commodities; 
estimated schedule from notice to proceed to full implementation and operation to the benefit of 
Pima County. Provide planning level information on the cost to implement and operate proposed 
technology or approach. 

5. For any of the above offered by the responder, or other technologies or approaches suggested, 
provide the following information: 

a. Where has this been implemented previously; provide multiple locations if possible. 

b. At what scale has this been implemented, with an emphasis on programs of similar size to Pima 
County in terms of solids production. 

c. For how long has the suggested technology or approach been in operation at the locations 
identified above? 

d. Any permit issues identified and overcome as part of the referenced project. 

e. Names and contact information for references. 

4.2.2. Biogas 
1. Identify a biogas utilization technology you believe may benefit Pima County. Identify your company’s 

role in implementing this technology for Pima County if selected for implementation. Technology 
categories include but are not limited to the following: 

a. Power generation with heat recovery (combined heat and power - CHP) 

b. Use as fuel for alternative purposes (e.g. meeting thermal needs on-site or off-site) 
c. Cleaning of biogas to make marketable for sale as a commodity 

d. Conversion to another usable product. 

2. Identify an approach to biogas management that may provide advantages over a Pima County owned 
and operated program. Identify your company’s role in implementing this approach if selected for 
implementation. Categories include but are not limited to the following: 

a. Operate CHP 
b. Operate gas cleaning facilities 

c. Transport of biogas to another location where the gas has higher value. 
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3. Identify technologies or approaches that can integrate biosolids management with biogas 
management to optimize objectives of each. 

4. Identify how technologies or approaches identified above contribute to the goals and objectives 
listed in Section 2 of this RFEI. 

5. A formal proposal is not requested at this time; however, based on information provided in this RFEI 
and information available via referenced and available documents, provide preliminary sizing 
information; examples: number of units and size/capacity, land area required, consumption of 
commodities, such as power, water, natural gas, etc., production of usable and marketable 
commodity (e.g. power, pipeline quality gas, etc); estimated schedule from notice to proceed to full 
implementation and operation to the benefit of Pima County. Provide planning level information on 
the cost to implement and operate proposed technology or approach. 

6. How can Renewable Energy Credits be used to enhance the economic viability for Pima County of the 
technology or approach proposed? 

7. For any of the above offered by the responder, or other technologies or approaches suggested, 
provide the following information: 

a. Where has this been implemented previously; provide multiple locations if possible. 

b. At what scale has this been implemented, with an emphasis on programs of similar size to Pima 
County in terms of biogas production. 

c. For how long has the suggested technology or approach been in operation at the locations 
identified above? 

d. Any permit issues identified and overcome as part of the referenced project(s). 

e. Names and contact information for references. 

4.2.3 Delivery Methods 

If providing responses to the questions in sections 4.2.1. or 4.2.2. above, provide additional responses 
to the questions below: 

1. Of the delivery methods described in the RFEI, which type of delivery method would be best suited to 
your offering? Why? 

2. Provide examples of where implementation of identical or substantially similar technologies or 
approaches utilized a delivery method like one of those described in this RFEI. 

3. Are there delivery methods other than those described herein that would benefit Pima County? 
Describe? Are they compliant with state law? 

4. Provide specific suggestions, based on experience, on how a delivery method can be improved while 
still being compliant with state law. 

4.2.4 Alternative Financing 

Pima County remains interested in forming public-private partnerships to meet its obligations to Pima 
County rate payers as cost-effectively as possible. Responses to the following questions are encouraged, 
especially from responders who are not necessarily offering a technology or approach, but who may have 
proposals for financing that could be beneficial to Pima County. 
1. To what degree could grant funding be used to lessen the financial burden to Pima County for 

implementing a proposed technology or approach? Provide specific examples. 

2. To what degree could alternative financing be used to lessen the financial burden to Pima County for 
implementing a proposed technology or approach? Provide specific examples. 
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3. Please describe generally any extent to which you would recommend that private financing be 
incorporated into these transactions. 

4. Based upon your knowledge, how willing are contractors to undertake a private financing without 
having a federal tax beneficial ownership interest in the project? 

5. Is there any reason Pima County should consider having the project privately owned, as well as 
privately financed? 

6. Is private financing likely to advance, or delay, project completion? 

7. Based upon your knowledge, how willing are contractors to consider providing turnkey construction 
financing (where Pima County would “take-out” the financing upon project completion and 
acceptance), rather than permanent financing? 

8. Should Pima County allow proposals incorporating private project financing to be submitted by teams 
led by financial institutions (who subcontract the performance of the work to design, construction 
and operating services firms), or limit proposals to those led by design, construction or operating 
services firms who provide such services directly or arrange for project financing? 

9. If private project financing is provided by teams led by financial institutions, and equity is provided 
(with or without private ownership). 

10. What would secure the project company’s contract performance to Pima County? 
11. Would Pima County have any direct recourse to the operating services company in the event of 

non-performance? 

12. How would the operational interface between Pima County and the project company work? 
13. Private project financing would generally be taxable (unless tax-exempt bond “volume cap” is 

obtained), resulting in a higher borrowing cost for the project, when compared to traditional tax 
exempt municipal revenue bond financing. What other factors should cause Pima County to consider 
private project financing despite its probable higher cost? 

14. How would you suggest that the request for proposals and the service contract deal with the issue of 
interest rate uncertainty between the date the proposal is submitted and the date financing actually 
occurs, which will be sometime following execution of the service contract? 

15. Based upon your knowledge, how willing are contractors to “guarantee” that the financing will 
actually occur (in the sense of a guaranteed date for completion of financing) at a guaranteed 
interest rate, or a guaranteed “spread” over an interest rate index, with damages payable if the 
financing does not occur? 

16. Based upon your knowledge, if a contractor would not be willing to “guarantee” the occurrence of a 
financing, how could Pima County be assured that a “best efforts” financing would actually occur, 
and on what terms? 

17. If Pima County were to allow proposers full discretion to propose any type of financing plan, how 
would you suggest the financing elements of the proposals be compared? 

4.2.5 Business Terms and Conditions 
1. Please comment on the particular risks and business terms and conditions that you feel are, and are 

not, appropriate to assign to the private sector under various project delivery methods. 

2.  Please comment generally on how the various project delivery methods might impact the amount of 
time that can reasonably be expected to be required for the design and construction of biosolids 
and/or biogas management projects under consideration. 
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3. Please comment generally on how the various project delivery methods might impact the price 
estimates for proposed biosolids and/or biogas utilization projects. 

4. Please comment on the issue of the “loss of control” by Pima County that is commonly asserted to 
be associated with alternative project delivery methods. 
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System Wide Biosolids and Biogas Utilization Master Plan – REFI Responses 

Confidential 
? 

Company Name 
and Address 

Company Information 
Company 

Representative 
Representative 
Phone Number 

Representative 
e-mail Address 

Submittal’s 
Date 

Area of Interest Proposal Summary 
Delivery 
Method 

Institutional/ 
Contractual/ 

Legal 
Experience 

Design 
Approach 

Economic/Financial 

Applicability to 
PCRWRD Biosolids/ 

Biogas Utilization 
Master Plan 

Yes 
The BioCNG 
system design 
is patent 
pending 

BioCNG, LLC 
8413 Excelsior Drive, 
Suite 160 
Madison Wisconsin 
53717 

BioCNG, LLC 
 Subsidiary of Cornerstone 

Environmental Group, 
LLC, environmental 
consulting firm with 13 
offices in the US (1 office 
in Tucson) 

 Design and construction 
management for landfills, 
remediation sites, waste 
transfer stations, and 
biogas to energy power 
plants for solid waste 
customers 

 First installation of 
BioCNGTM system for 
biogas use as vehicle fuel 
completed in December 
2010 at the Dane County 
Rodefeld Landfill in 
Madison, Wisconsin 

Michael S. Michels, 
P.E. 
Vice President 

Ph: (845) 695-0215 
Cell: (414) 659-
7075 

michael.michels@ 
cornerstoneeg.com 

19-Aug-11 BIOGAS 
 Biogas cleaning for use as 

alternative vehicle fuel 
 Proposed system 

components: 
° Biogas treatment skid: 

BioCNGTM 
(proprietary system, 
patent pending) – 
H2S, Siloxane, VOC, 
and CO2 removal  

° Fueling station 
° Storage tanks 

 Condensate returned to 
wastewater treatment; 
waste off-gas routed to 
flare, boiler, or power 
generation equipment 

 Implementation timeline: 
11 months from NTP 

BioCNG’s response details how their 
patent-pending biogas conditioning 
system could be used to utilize the 
biogas from PCRWRD as renewable 
fuel offsite.  Biogas is piped into the 
conditioning unit where water and 
other unwanted gases are removed.  
The conditioned gas is then routed 
to a compressed natural gas (CNG) 
fueling station and compressed.  This 
“BioCNG” fuel can be used directly 
in vehicles or mixed with natural gas.  
As an example, the report cites the 
use of BioCNG at Dane County 
Rodefeld Landfill in Madison, WI to 
fuel county CNG fleets.  BioCNG 
hopes to provide the same service to 
Pima County, offering about 2,000 
gasoline gallon equivalents per day.  
Whether or not Pima decides to use 
their technology, Bio CNG offers to 
complete other design and 
construction needs. 

DB 
 BioCNG 

provides 
project 
design, 
management, 
and permit 
assistance. 

 BioCNG 
does not 
fabricate 
equipment; it 
works with 
specialized 
fabricators 
and vendors. 

 Engage local 
mechanical 
and electrical 
contractors 
to install 
equipment. 

 BioCNG not 
able to 
finance, own, 
or lease back 
system 

 Permits required for 
installation and 
operation (local 
building authority, 
local fire 
department)  

 None or minor 
modification of air 
permit expected 
since waste off-gas is 
usually discharged to 
an existing flare or 
boiler – Only a 
notice letter is 
typically needed  

 Standard contract 
terms provided with 
response 

BioCNG is a subsidiary of 
Cornerstone 
Environmental Group, 
LLC, which has 13 offices 
in the US including one in 
Tucson, AZ.  They design 
and/or manage 
construction at landfills, 
remediation sites, waste 
transfer stations, recycling 
centers, biogas to energy 
power plants, etc.  They 
have worked on over 300 
biogas projects – but only 
one is referenced as the 
first implementation of 
BioCNG technology at the 
Dane County Rodefeld 
Landfill in Madison, WI. 

Proprietary, but 
open to other 
design and 
construction 
needs. 

 Production of 
approximately 2,000 
gasoline-gallon-equivalent 
(GGE) per day estimated 

 Web links provided for 
grants and renewable 
credits indicated as 
available in Arizona 

 A BioCNGTM system sized 
for 50 scfm biogas inlet 
would produce 200-275 
GGE/day and cost 
approximately $400,000, 
plus installation and 
fueling equipment. 

Potentially viable. Experience 
with vehicle fuel is attractive, 
though experience with 
digester gas appears limited. 

No NEFCO 
500 Victory Road 
North Quincy, Massachusetts 
02171 

NEFCO 
 Partnership: 

° O’Connell 
Development Group, 
Inc.  

° Dunn Associates, 
Boston, Massachusetts 

 Experience (20 years) in 
design, construction and 
operation of biosolids 
facilities in the US 

 Developer and operator of 
heat drying and 
pelletization facilities for 
municipal sludge 

 Interim Sludge Processing 
and Disposal Project, 
Massachusetts Water 
Resource Authority: Six 
dryers and twelve 
centrifuges 

 Financed, permitted, 
constructed and operated a 
pilot plant to process 
sludge with additives to 
produce fertilizer for the 
Hampton Roads Sanitation 
District, Norfolk, Virginia  

 Permitted, designed, 
constructed, and currently 
operates the Blue Lake 
Final Stabilization Facility 
(53 dry tones per day) in 
Shakopee, Minnesota 

Virginia M. Grace, 
Vice President 

Ph: (617) 773-3131 
Fax: (617) 773-
3122 

ggrace@ 
nefcobiosolids.com 

19-Aug-11 BIOSOLIDS 
 Direct-fired rotary drum 

drying of biosolids 
 Granular product could 

be used as renewable fuel 
 Granular product could 

be used as fertilizer 
 Dryer exhaust treatment 

required 
 
BIOGAS 
 Use of biogas to fuel 

direct-fired rotary drum 
dryer 

 No biogas pretreatment 
required (H2S and 
Siloxane) 

 Mention of potential use 
of biogas in cogeneration 
(engine generators or 
combustion turbine 
generators) with exhaust 
hot gas recovered to dry 
biosolids 

 Implementation timeline: 
Not discussed 

Nefco’s response touts their 20 years 
of operation and 5 biosolid drying 
plants as evidence of their 
experience.  They propose an 
integrated process, based on their 
North Andover, MA facility.  With 
this approach, the rotary drum dryer 
used to process the biosolids can be 
run by a generator fueled completely 
by the discharged biogas.  This 
creates an economic and energy 
efficiency, as well as a low-carbon 
system.  There would have to be a 
back up fuel source such as natural 
gas or oil, but the renewable energy 
provided by the biogas could fuel the 
whole system.  Then, the end result 
is a dry granular product that can be 
used as fertilizer or renewable fuel.  
The technical method of this whole 
process is outlined in pages 6-10 of 
the report. 

DBO or 
DBOO 
 Minimal 

commentary 
on delivery 
methods 

 Reference 
projects 
listed are all 
DBO 

 General discussion 
of NEFCO’s 
responsibilities in a 
biosolids drying 
project: 
° Permits and 

approvals   
° Operations in 

accordance with 
all applicable 
laws, permits and 
regulations.  

° Development of 
manual, kept in 
the project site, 
with all sampling, 
reporting and 
record keeping 
requirements 
identified in 
permits, 
approvals and 
regulations 

NEFCO claims over 20 
years of experience in 
biosolids management 
facilities, and cites five 
specific municipal 
wastewater projects.  
These include projects in 
Massachusetts, Minnesota, 
Florida, and Maryland.  
Full profiles of these 
projects are provided in 
Appendix 1 of their report. 

Proprietary 
(NEFCO has 
developed their 
own variation 
of the 
commonly used 
rotary drying 
technology) 

 NEFCO has obtained 
design/build bonds and 
operations bonds during 
the past 18 years 

 O’Connell Development 
Group has posted 
performance and payment 
bonds totaling in the 
hundreds of millions over 
the last past years 

 O’Connell Development 
Group has experience in 
owning and financing 
commercial projects 

 O’Connell Development 
Group financed a biosolids 
drying facility with 
Hampton Roads Sanitation 
Districts in Norfolk 
Virginia through a 
combination of debt and 
equity 

 O’Connell Development 
Group is familiar with 
financing a facility that is 
backed by the credit of a 
governmental body 
(examples provided) 

Proposed approach produces 
dried biosolids pellets. 
However, market assessment 
did not show strong market 
for dried pellets. Could 
implement on small scale but 
requires development of 
other approaches for 
remaining biosolids and 
biogas.  

mailto:michael.michels@cornerstoneeg.com
mailto:michael.michels@cornerstoneeg.com
mailto:ggrace@nefcobiosolids.com
mailto:ggrace@nefcobiosolids.com
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Company Information 
Company 

Representative 
Representative 
Phone Number 
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e-mail Address 

Submittal’s 
Date 

Area of Interest Proposal Summary 
Delivery 
Method 

Institutional/ 
Contractual/ 

Legal 
Experience 

Design 
Approach 

Economic/Financial 

Applicability to 
PCRWRD Biosolids/ 

Biogas Utilization 
Master Plan 

No Sexton Energy LLC 
2801 Lakeside Drive,  
Suite 100 
Bannockburn, Illinois 
60015-1211 

Sexton Energy LLC 
 In association with Tetra 

Tech, Inc. 
 Sexton responded before 

to Pima County’s 
Solicitation #1000157 
(ERF DBO) in 2009 

Michael J. Carolan 
Carolan Associates 
LLC 
Authorized 
Member 
Sexton Energy 
LLC 

Ph: (248) 495-8929 
Fax: (224) 212-
1260 

michael.carolan@ 
att.net 

19-Aug-11 DBO 
 PPA with TEP (direct 

sale of electricity to TEP) 
 Royalty would be paid to 

Pima County for the 
biogas 

Sexton does not propose a specific 
approach to utilizing biosolids or 
biogas, but rather generally proposes 
a Power Generation and Energy 
Recovery Facility (PGERF).  They 
would design, build, and operate the 
facility at Ina road in partnership 
with Tetra Tech.  They would sell the 
electricity to Tucson Electric Power 
(TEP), under a Power Purchase 
Agreement (PPA), They propose to 
replace the current combustion 
engines at Ina road with new, larger, 
and more efficient engines. 

 Sexton would 
offer to hire 
current 
Energy 
Recovery 
Facility 
operators 
and train 
them on the 
maintenance 
of the new 
engines and 
biogas pre-
processing 
skid 

Mention of 
incentives currently 
available for the 
generation of 
renewable electricity 
(i.e., Arizona 
Renewable energy 
Standard and Tariff) 

Sexton cites two examples 
of past experience.  One is 
a cancelled renewable 
energy product on 
solicitation #1000157, but 
the details aren’t given.  
They also cite their current 
work with Tetra Tech on a 
renewable energy product 
at Pima County Tangerine 
Landfill.  They claim that 
Tetra Tech has significant 
experience managing 
biosolids, but give no 
examples. 

open  Mention of incentives 
currently available for the 
generation of renewable 
electricity (i.e., Arizona 
Renewable energy 
Standard and Tariff) 

Applicable only if PCRWRD 
wishes to consider cogen. 
Local experience with TEP is 
attractive. 

No California Power Partners' 
Inc. 
8525 Arjons Dr. Suite I 
San Diego, CA 92126 

California Power Partners, 
Inc. (Calpwr) 
 Calpwr built, owns and 

operates a biogas 
cogeneration plant (560 
kW) in Oceanside, 
California. Plant has been 
operational since 
November 2009 

 Currently constructing a 
biogas cogeneration plant 
(710 kW) in Santa Barbara, 
California 

 Both plants above are 
under PPAs 

 Calpwr attended site walk 
for Pima County’s 
Solicitation #1000157 
(ERF DBO) in 2009 

Joe Silva, 
Jesse Silva, 

Ph: (858) 271-5500 
Fax: (858) 271-
5510 

joes@ 
calpwr.com 

22-Aug-11 BIOSOLIDS 
 Not discussed. Interest 

expressed through one 
sentence commenting that 
Tetra Tech has significant 
experience managing 
biosolids 

 
BIOGAS 
 Cogeneration with 

electricity sold directly to 
TEP under a PPA 

 Proposed approach 
includes: 
° Biogas pre-processing 

skid 
° Replacement of the 

existing engine 
generators with new 
larger, more efficient 
engines 

° Electrical 
modifications to 
directly connect to 
TEP grid  

 Use of existing heat 
recovery system to meet 
plant thermal demand 

 Implementation timeline: 
Not discussed 

Calpwr’s response gets right to the 
point, directly answering questions in 
section 4.2.2 of the RFEI.  Their 
approach to biogas utilization is 
power generation with heat recovery 
(CHP).  Their proposal is to utilize 
the biogas to provide electrical 
energy onsite, bringing the plant as 
close to electrical independence as 
possible.  Thermal heat would be 
used in the winter to help maintain 
active bacterial cultures for the 
anaerobic process, and excess 
thermal energy could be utilized into 
a bank of absorption chilling used 
for comfort cooling in the summer.  
Calpwr cites the economic success of 
their cogeneration plant in 
Oceanside, CA, which uses 80% 
digester gas.  The report emphasizes 
their belief in utilizing biogas onsite 
rather than transferring it or selling it 
elsewhere.  Although at this point 
calpwr is only poised for a biogas 
approach, they are doing research on 
an integrated approach. 

DBFOO 
 Owns and 

operates for 
the term of 
the PPA 

 Calpwr would offer 
the County a PPA 
for 10 years    

 PPA would 
guarantee a 
minimum kW/hr 
production to the 
plant at a discount 
from the utility 

 The County would 
guarantee biogas 
production or 
supplement with 
natural gas 

Calpwr is familiar with the 
PCRWRD project because 
they were involved in the 
original site walk in 
October 2009.   
Furthermore, they have 
completed a successful 
digester gas cogeneration 
project in 2009 which 
supplies energy to the San 
Luis Rey Waste Water 
Treatment Plant in 
Oceanside, CA.  The 
project was completed 
using a DBO delivery 
method and another is in 
progress in Santa Barbara, 
CA.  Their report also 
includes a reference page 
highlighting 10 similar 
projects. 

open  Amount that Calpwr 
would seek to finance is 
$10M to $13M 

 Calpwr states that it would 
obtain utility incentive up 
to 2 MW 

 Brief discussion on federal 
tax credits, incentives, and 
RECs under a PPA 

Applicable only if PCRWRD 
wishes to consider cogen. 

mailto:michael.carolan@att.net
mailto:michael.carolan@att.net
mailto:joes@calpwr.com
mailto:joes@calpwr.com


  

System Wide Biosolids and Biogas Utilization Master Plan – REFI Responses 

Confidential 
? 

Company Name 
and Address 

Company Information 
Company 

Representative 
Representative 
Phone Number 

Representative 
e-mail Address 

Submittal’s 
Date 

Area of Interest Proposal Summary 
Delivery 
Method 

Institutional/ 
Contractual/ 

Legal 
Experience 

Design 
Approach 

Economic/Financial 

Applicability to 
PCRWRD Biosolids/ 

Biogas Utilization 
Master Plan 

No UTS BioEnergy 
2211 Encinitas Blvd. 
Encinitas CA, 92024 

UST BioEnergy 
 Design, planning, and 

turnkey project execution 
in anaerobic digestion, 
biogas handling and 
treatment, biogas 
upgrading to biomethane, 
and renewable power 
generation 

 Under leadership of Dr. 
Andrew Benedek (founder 
of Zenon Environmental) 

 San Jose, California – 
1.4MW Biogas Fuel Cell 
Cogeneration Plant: 
° Electricity sold to the 

WWTP at competitive 
rates under 20-year 
PPA 

° Heat used to meet 
WWTP thermal needs  

° Funding provided by 
UST and state and 
federal grants  

 Inland Empire Utilities 
Agency – 2.8 MW Biogas 
Fuel Cell Cogeneration 
Plant: 
° Electricity expected to 

cover 100% of 
WWTP’s base load 
power requirements 

Funding provided by UST 
and state and federal grants 

Arun Sharma, 
President. 
Scott Warfield, 
Director of 
Projects. 

Ph: 760) 436-8870 
Fax: (760) 454-
2887 

asharma@ 
utsbioenergy.com 

22-Aug-11 BIOSOLIDS 
 Convert biosolids to 

fertilizer via ammonia 
stripping from filtrate and 
amendments to biosolids  

 Valuable fertilizer that 
could be used in golf 
courses  

 Minimal discussion 
offered due to current 
patent filing process 

 
BIOGAS 
 Cogeneration or gas 

conditioning for pipeline 
injection (detailed 
economic analysis would 
be required to select one 
or the other) 

 Biogas production 
enhancement through 
addition of external high 
strength waste and/or 
utilization of UTS 
OMNIVORETM 
technology (digester 
retrofit package) 

 Based on RFEI 
information provided by 
the RFEI, UST estimates 
that the Ina Road facility 
can generate 2.5-3.1 MW 
of electric energy with 
high efficiency power 
generators at the WRC 
startup and 4.7 MW at full 
capacity in 2030. 
OMNIVORETM can 
increase electricity 
production 50-100% 

 Implementation timeline: 
Construction at 16-20 
months after formal 
approvals 

UTS proposes an integrated 
approach to making PCRWRD more 
sustainable using solid digestion 
technology and a cogeneration plant.  
Their technology, UTS Omnivore, 
can process  biosolids into a stable 
fertilizer that can be sold on the 
market.  Electricity from the biogas-
to-energy plant should be exported 
or consumed, not used directly for 
biosolids management.  Heat from 
the plant could be used directly to 
improve efficiently of anaerobic 
digestion thus improving biosolid 
management.  Alternatively, UTS 
suggests technology to condition the 
biogas and inject it into a pipeline for 
sale.  The UTS report uses their 
biogas project in San Jose, CA 
extensively as an example, and has 
even included the Power Purchase 
Agreement with the city of San Jose 
in Appendix B.  Appendix A 
contains a keynote presentation 
about the general need for 
sustainably harnessing the energy in 
raw sewage. 

DBFOO 
 PPA model 

where the 
customer 
only pays for 
the power 
that is 
purchased 

 PPA negotiated with 
City of San Jose 
attached to RFEI 
response 

UTS has experience with 
more than 1,500 anaerobic 
digestion, biogas, and CHP 
generation installations 
worldwide.  They are 
under the leadership of Dr. 
Andrew Benedek, who has 
won many awards for 
contribution to the 
wastewater industry.  Their 
report highlights two 
projects in California very 
similar to PCRWRD.  
Both are biogas to energy 
cogeneration projects at 
large wastewater treatment 
plants which provide a 
renewable energy source 
for the plant’s biosolid 
processing.  One is under 
construction at the San 
Jose Water Pollution 
Control Plant, and the 
other is at Inland Empire 
Utilities Agency in San 
Bernardino County. 

Proprietary  Importance of bidders’ 
financial strength 
emphasized as a result of 
current difficulties in 
obtaining long term 
financing from financial 
institutions  

 RECs expected to have 
more value in the future; 
however, project financing 
should be based without 
allowing any value to the 
RECs  

 Unlikely that project could 
qualify for ITC grants 
(ITC grants expire by the 
end of 2011) 

 Privately owned projects 
enjoy economies of scale, 
efficiencies, tax incentives, 
and depreciation 

Proprietary Omnivore 
Process seems central to their 
approach. Relying on a 
proprietary process makes 
PCRWRD vulnerable to 
pricing and/or performance 
issues.  

mailto:asharma@utsbioenergy.com
mailto:asharma@utsbioenergy.com
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Yes EDF Trading N 
America,LLC4700 W Sam 
Houston Parkway North, 
Suite 250Houston, TX 77041 

EDF Partnership 
 Partnership: 

° EDF Trading North 
America (EDFTNA) 

° enXco Incorporated 
(enXco) 

 Project components: 
° Biogas Processing Plant 
° Gas Transportation 
° Gas Off-take and REC 

Sales Agreement 
° Common Gas 

Purification Operations 
 EDFTNA Experience: 

° Biogas arrangement 
with Ameresco at the 
Dos Rios Wastewater 
Facility in San Antonio, 
Texas 

° Large Presence in 
California NG markets 

° Owner of biogas 
projects in Europe 

 enXco Experience: 
Owns and operates two high 
BTU landfill gas projects in 
western Pennsylvania 
(Imperial and Greentree 
landfills) – Gas is injected to 
the National Fuel Gas 
interstate pipeline system; the 
Greentree project was 
selected by the EPA as the 
2007 high BTU project of the 
yea 

Jason Jennaro,Vice 
President,Environ
mental Products 

Ph: (281) 653-1747 
Cell: (646) 734 -
0504 
Fax: (281) 653-
1575 

Jason.Jennaro@edf
trading.com 

22-Aug-11 BIOGAS 
 Install and operate a gas 

cleaning system to 
produce pipeline-quality 
gas and deliver the 
biomethane to the El 
Paso Pipeline 

 Transport the biomethane 
gas and store or deliver 
the gas to end purchasers 

 Location of the project 
equipment near the 
digesters  

 Include gas 
chromatographs to 
continually monitor gas 
quality to meet the El 
Paso line specifications 

 Gas cleaning system: 
Compression, Pressure 
Swing Adsorption (PSA), 
membrane section  

 Implementation timeline: 
11-14 months from NTP 

The EDF partnership proposes a 
very comprehensive approach to 
biogas utilization at PCRWRD.  
They propose to install and operate a 
gas cleaning system that produces 
pipeline quality gas from the digester 
gas and delivers this purified 
methane gas to the El Paso Pipeline.  
The cleaning system removes carbon 
dioxide, sulfur compounds, and 
volatile organic compounds to 
provide a final, high Btu product that 
can be sold in the California natural 
gas market.  EDF proposes to both 
finance, design, build, and operate 
the cleaning system as well as the 
transport system for the gas.  With 
this approach, Pima County would 
not have any liability, and would 
receive royalty payments for the gas 
produced. 

DBFOO 
 EDF 

Partnership 
would own 
the project in 
its entirety 
for the life of 
the project, 
eliminating 
the need for 
the County 
to raise 
capital for 
development 
or put capital 
at risk for 
ongoing 
operations 

 Royalty 
would be 
paid to Pima 
County for 
the quantity 
of biogas 
product 
delivered 

 Projects of this type 
require site leases, 
gas royalty 
arrangements, 
environment 
permits, consents, 
and other financial 
documentation 

 Off-take, 
interconnection and 
gas pipeline 
arrangements would 
be required 

 The natural gas 
delivery method 
proposed in this 
project is fully 
compliant with 
Arizona State law 
and federal interstate 
commerce laws 

 Other than the 
digester production 
risk, EDF 
Partnership bears 
most other risks 

EDF claims to be one of 
the leading developers of 
renewable energy products 
in the US, including biogas.  
They have long term 
agreements with large 
California municipal power 
entities, and maintain an 
infrastructure for biogas 
transportation and 
regulation to the California 
renewable energy market.  
They cite three similar 
biogas-to-energy projects 
including the Dos Rios 
Water Recycling Center in 
San Antonio, TX, the 
Greentree Landfill in Elk 
County, PA, and the 
Imperial Landfill in 
Imperial, PA. 

Proprietary  Cost for the complete 
system installed estimated 
in the range of $6 million 

 The County will benefit in 
the form of a market-
based, fixed royalty for the 
quantity of biogas product 
delivered 

 Most of the project risks 
are borne by the EDF 
Partnership 

 EDF Partnership believes 
that natural gas pipeline 
delivery is the lowest-cost, 
lowest-risk solution to 
monetizing the County’s 
biogas resources 

 EDF Partnership does not 
directly utilize RECs to 
create value; however, 
EDFTNA monetizes 
biogas value by contracting 
and delivering to premium 
markets where biogas-
generated electricity 
produces RECs 

 Transportation, storage 
and delivery of biogas to 
premium demand markets 
(able to accommodate 
County’s production 
volume into southern 
California markets) 

Approach is in-line with 
biogas alternatives that would 
clean the gas to pipeline 
quality and sell to the utility. 
San Antonio experience is 
directly applicable to 
PCRWRD. 

mailto:Jason.Jennaro@edftrading.com
mailto:Jason.Jennaro@edftrading.com
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No CHP Clean Energy, LLC 
71 Commercial St, 
 Suite 268 
Boston, MA 02109 

CHP Clean Energy, LLC 
(CHPCE) 
 Ten years of experience  
 Headquartered in Boston, 

Massachusetts, Develops 
biogas-to-energy 
cogeneration projects 

 Relevant Experience: 
CHPCE listed 8 projects 
developed in California. 
Of those projects, 7 are 
related to Digester Gas 
Fired Cogeneration Plant 
(90 to 560 KW) for 
WWTPs.  

 CHPCE owns a biogas 
cogeneration system 
located in San Luis Rey 
Water Reclamation Facility 
in Oceanside, California 
(case study information 
was included in the 
submittal)  

Reference contact 
information for 3 projects: 
The San Luis Rey WRF, 
Oceanside, CA; Burlingame 
WWTP, Burlingame, CA; 
and, Phillips Exeter 
Academy, Exeter, NH 

Doug Couillard 
VP Business 
Development 

 
Cell: (508) 934-
6904 

dcouillard@ 
chpcleanenergy.co
m 

22-Aug-11 BIOGAS 
 Biogas conditioning and 

cogeneration for power 
generation with heat 
recovery 

 Patented BioSpark biogas 
treatment process 

 Preliminary design: 
° One biogas fuel 

conditioning system 
° 2-3 prime movers 
° 1.8-2.0 MW for 2014 

start-up 
° Footprint 

approximately 2500 sq 
ft  

 Implementation Timeline: 
9-15 months from NTP 

CHPCE offers to construct own and 
operate their biogas-to-energy system 
at PCRWRD with no capital cost to 
Pima county. They would enter into 
a power purchase agreement with 
PCRWRD which means that in 
return for CHPCE’s ownership, 
financing, and operating of the 
proposed cogeneration facility, 
PCRWD would agree to purchase all 
of the electricity generated.  This 
would make PCRWRD closer to 
electrical independence, would save 
money from renewable energy 
credits earned by CHPCE factored 
into the rates, and would reduce 
GHG emissions.  Thermal heat 
could also be recovered and used to 
offset fossil fuel use in anaerobic 
digestion or in heating facilities.  The 
initial agreement would be for 15 
years.  CHPCE plans to use their 
patented biospark biogas treatment 
process.  The process has been 
implemented in Oceanside, CA 
which can be used as a case study. 

DBFOO 
 County 

would agree 
to purchase 
all electricity 
and heat 
generated for 
an initial 
PPA term of 
15 years with 
a 10 year 
renewal 
option 

 County’s 
level of 
involvement 
reduced 
significantly 

 The equipment 
would be designed 
to be self contained 
to facilitate removal 
at the end of the 
contract if so desired 

 Payment not 
required from the 
County; CHPCE 
recovers investment 
through PPA rate 
structure  

 CHPCE bears 
maintenance cost 
over full life of the 
contract 

 County’s 
commitments 
include:    
° Guarantee 

minimum biogas 
output 

°  Purchase all 
electricity 
produced by 
system 

° Execute land 
lease with 
CHPCE 

° Provide drainage 
for the proposed 
system 

° Assist to obtain 
building permits 

° Provide site 
access and 
parking to 
CHPCE and/or 
subcontractors 
after construction 
completion 

 CHPCE’s 
commitments 
include:   
° Guarantee system 

output (kW 
Output) 

° Sell electricity to 
client 

°  Deliver 
recovered heat 

° Air permitting; 
interconnect 
permit f not 
available 

CHP has $35 million 
committed to 20 biogas-to-
energy projects throughout 
the US.  They highlight 
their digester gas-fired 
cogen plants at six facilities 
including the San Luis Rey 
Water Reclamation Facility 
in Oceanside, CA, and the 
Gresham Wastewater 
Treatment Plant in 
Gresham, OR.  More 
details on page 3 of the 
report. 

open  Electric rate savings 
generated by the inclusion 
of federal and state 
incentives not available to 
public entities 

 As private company and a 
tax-paying entity, CHPCE 
is entitled to federal and 
state incentives not 
available to the County 
(current federal tax grant 
incentive: 30% of the cost 
of the project) 

 CHPE will own all RECs 
and include the estimated 
benefit to the County into 
the final rate schedule 

 5-15% rate saving on the 
electricity generated by the 
biogas cogeneration facility 

 Free thermal energy that 
can be used for process 
heating and/or space 
heating 

 CHPCE has $35 million 
available to spend on 
projects – projects 
expected to advance 
quicker than average 
municipal projects 

Note that this company is 
claiming some of the same 
experience as Calpwr. Very 
similar approach as Calpwr. 

mailto:dcouillard@chpcleanenergy.com
mailto:dcouillard@chpcleanenergy.com
mailto:dcouillard@chpcleanenergy.com
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No Cogenra Solar, Inc., 
365 E Middlefield Road 
Mountain View, CA 
94043 

Cogenra Solar, Inc. 
 Solar product 

manufacturing and project 
development 

Located in Mountain View, 
California 

Eric S. Brown, 
Sales Engineer 

Ph: (650) 230-3417 eric.brown@ 
cogenra.com 

22-Aug-11 OTHER 
 Combined photovoltaic 

(PV) and solar hot water 
(SHW) technologies into 
a single integrated solar 
cogeneration system  

 Production of electrical 
energy and thermal energy 

 Footprint approximately 
9.5 acres of available 
ground and/or roof space 

 Implementation timeline: 
Not discussed 

 
BIOSOLIDS 
 Use solar thermal energy 

from SHW technology to 
meet digestion process 
thermal demand 

Potential use of thermal 
energy in pasteurization 
process to convert biosolids 
Class B to Class A 

Cogenra Solar is not proposing an 
approach that specifically manages or 
utilizes biosolids or biogas, but 
instead is proposing that PCRWRD 
use a solar cogeneration plant as an 
alternative source for energy and 
heat.  They would build this plant 
which includes photovoltaic and 
solar hot water technologies (PV and 
SHW), on about 9.5 acres of 
available ground and/or roof space 
around the plant.  This would benefit 
PCRWRD because the heat and 
energy produced would offset fossil 
fuel or biogas use in anaerobic 
digestion, drying, and other 
processing of biosolids.  This would 
result not only in low-cost 
sustainable energy for the plant, but 
in conservation of biogas, which 
could then be used for commercial 
purposes. 

DBFOO 
 Heat and 

Power 
Purchase 
Agreement 
(HPPA) 
between 
County and 
system owner 

 Both heat 
and 
electricity 
produced will 
be sold to the 
County at or 
below 
existing 
commercial 
rates 

 The focus of Cgenra is to 
implement its solar 
technology at eligible sites.  
Two commercial systems 
have been built to date.  A 
ground mounted system 
was built at Sonoma Wine 
Company in Graton, CA.  
A roof mounted system 
was built at General 
Hydroponics in Santa 
Rosa, CA.  Currently, 
Congenra is in the 
planning stage for three 
projects within Pima 
County. 

Proprietary  Approach allows biogas to 
be available for utilization 
and marketing outside the 
facility 

 HPPA projects in Arizona 
benefit from both federal 
and local incentives as well 
as the abundant available 
solar resources in the area 
– Attractive investment 
returns 

This is not a complete 
solution for biosolids 
management; it simply 
replaces biogas fueled boilers, 
or heat pumps, with solar 
heating. This is a process that 
can be added in the future, 
but is not a complete 
approach for PCRWRD.  

No Stantec Consulting Services, 
Inc. 
8211 S. 48th Street 
Phoenix, AZ 85044                   
jointly with Ostara Nutrient 
Recovery Technologies 690-
1199 West Pender St. 
Vancouver, BC, Canada 

Stantec-Ostara 
 Partnership: 

° Stantec Consulting 
Services, Inc. (Stantec)  

° Ostara Nutrient 
Recovery Technologies, 
Inc. (Ostara) 

 Stantec’s experience: 57 
years total, 45 years in 
Arizona 

 Ostara’s expertise: Design, 
builds, and sells a system 
to remove nutrients from 
wastewater and transform 
them into commercial 
fertilizer 

 Relevant experience 
Stantec & Ostara: Nutrient 
recovery technology 
applied in 84 MGD Gold 
Bar WWTP and 30 MGD 
Saskatoon WWTP.  

Ostara presents 6 reference 
project, two in Canada and 
four in USA. 

Robert Simm, 
Vice President. 
Stantec Matthew 
Kuzma, Vice 
President, Ostara 

Stantec 
Ph:(602) 438-2200 
Cell: (602) 421-
9395 
 
Ostara 
Ph:(206)-402-5687 
Cell: 
(206)-419-1993 

rob.simm@stantec.
com    
mkuzma@ostara.c
om 

22-Aug-11 OTHER 
 Implementing nutrient 

recovery system by using 
Ostara’s patented Pearl® 
process (controlled 
precipitation of struvite in 
an up-flow fluidized bed 
reactor) to treat the 
dewatering centrate return 
stream  

 Phosphorus recovery 
through the Pearl® 
process produces a 
fertilizer product, 
marketed by Ostara as 
Crystal Green®  

 Benefits from nutrient 
recovery system:  
° Decreased phosphorus 

and ammonia loading 
to the main liquid 
stream process 

° Reduction in nuisance 
struvite accumulation 
in digesters and 
biosolids dewatering 
processes 

° Reduction in biosolids 
production 

° Potential increase in 
biogas production  

° Production of a 
renewable, 
phosphorus based, 
slow release fertilizer 
that can be marketed 
at local golf courses 
and horticultural 
operations 

Implementation timeline: 
Not discussed 

Stantec and Ostara’s EOI proposes 
to implement Ostara’s patented Pearl 
Process at the Pima County plant.  
This system takes in struvite from 
the biosolids and produces their 
phosphorous based fertilizer ‘crystal 
green’.  Ostara proposes that Pima 
County will benefit because the 
process removes phosphorous from 
the recycle streams, removes 
nuisance struvite buildup, and 
decreases overall biosolid amount – 
all of which will lead to cost 
reductions.  Additionally, Pima will 
have increased revenues by 
producing a marketable fertilizer, as 
well as being able to produce more 
biogas.  Ostara will share revenue 
with the county in the form of a 
payment per ton of fertilizer 
produced.  The report estimates that 
Pima County’s cost savings will 
exceed $1 million annually. 

DB, DBO, or 
DBFO 
 Partnership 

has 
experience 
with each of 
these 
methods in 
previous 
projects 

 The selected 
project 
delivery 
method will 
have little or 
no impact 
upon the 
time required 
for the 
design and 
construction 
of the 
proposed 
technology 

 Nutrient recovery 
technology 
presented as a 
reliable, long term 
approach that is 
consistent with the 
County’s 
Sustainability Action 
Plan 

 

 Stantec is a top 20 service 
provider in wastewater 
according to ENR.  They 
have designed seven 
biological nutrient removal 
facilities including as 
referenced on page 4.  
Ostara was named in the 
top 100 Global Cleantech 
Companies by the 
Guardian.  They reference 
6 projects on page 2 of the 
report, and have built 3 full 
scale nutrient recovery 
systems in the US, and are 
currently constructing 
another.  Jointly, the two 
companies have built two 
systems in Canada – One 
at the 84 MGD Gold Bar 
WWTP and another at the 
30 MGD Saskatoon 
WWTP. 

Proprietary  Ostara offers to provide a 
detailed business case 
analysis at their cost 

 Estimated annual cost 
savings of approximately 
$1M at Ina Road WRF 
from implementation of 
the Pearl® process, with 
an estimated capital-
payback period of less than 
5 years 

 Ostara would share 
revenue generated from 
fertilizer sales with the 
County 

 Partnership is prepared to 
design, build, finance, and 
operate the nutrient 
recovery facility, charging 
the County a nominal 
treatment fee offset by the 
generated fertilizer revenue 

This is not a solution for 
long-term biosolids 
management; though struvite 
recovery from recycle 
streams, the fertilizer value of 
biosolids can be improved. 
Though this may make 
biosolds more valuable, it 
does not directly address the 
objectives of the planning 
study.  

mailto:eric.brown@cogenra.com
mailto:eric.brown@cogenra.com
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No Magna Flow Environmental 
Inc. 
P. O. Box 60709 
Houston, Texas 
77205-0709 

Magna Flow Environment 
Inc.  
 Twenty years of experience 
 Based in Houston, Texas 
 Experience in treatment, 

dewatering, hauling and 
reuse of sludge/biosolids 

No reference projects listed 

Victor Sanchez, 
Jerry McCurtain Jr., 

Ph: (281) 448-8585 
Fax: (281) 397-
7195 

magnaflo@flash.ne
t 
jerrymccurtain@ 
magna-flow.com 

22-Aug-11 BIOSOLIDS 
 Patented MagnaGro 

ProcessTM to treat 
domestic wastewater 
sludge to Class A 
Exceptional Quality (EQ) 
fertilizer in 24 hours 

 The technology requires 
minimal energy 
requirements; therefore, 
biogas would be available 
for other beneficial uses 

 Generated fertilizer could 
be hauled to agricultural 
fields, County Parks, road 
medians, or could be 
bagged for sale 

Implementation timeline: 
Not discussed 

Magna Flow is proposing 
implementation of their patented 
MagnaGro process to utilize 
biosolids at PCRWRD.  The process 
treats wastewater sludge and 
converts it to Class A, Exceptional 
Quality (EQ) biosolid in a short time 
and at low cost.  The 24-hr process 
dewaters, thickens, and converts 
biosolids into a marketable fertilizer.  
Since the process does not require 
any energy, all the biogas will be 
conserved for other beneficial uses.  
Magna Flow is planning on 
partnering with ASARCO to reuse all 
the biosolids at mine tailings to 
reclaim and reestablish the desert 
environment. 

DBO or DBFO  ASARCO will not 
need a permit to 
apply the product on 
its land 

 Magna Flow 
Environment 
indicates that an 
understanding has 
been reached with 
ASARCO to use all 
County generated 
biosolids on 
ASARCO’s mine 
tailings (more than 
24,000 acre mine 
tailings at Mission 
Road Mine) 

Magna Flow is based in 
Houston, and claims more 
than 20 years of experience 
in treating, dewatering, 
hauling, and reusing 
sludge/biosolids for more 
than 400 Wastewater 
facilities in Texas.  
However, their report does 
not reference any specific 
projects. 

Proprietary  Only appears to be applicable 
for sub-regional facilities. No 
details of process provided. 
Previous discussion with BC 
indicate that biosolids are 
stabilized with chemicals. 
Not a proven process.  

No Max West Environmental 
Systems, Inc. 
114 W 1st Street, 
Suite 220 
Sanford, FL 32771 

MaxWest Environmental 
Systems Inc. 
 In association with CPH 

Engineers, Inc. 
 Proposal presented years 

of experience of each 
individual member of the 
organization 

 Technology working since 
2009 

 MaxWest design, builds, 
owns, and operates 
biosolids-to-energy 
facilities using the 
gasification process to 
convert biosolids to 
thermal energy 

Sanford Biosolids to 
Renewable Energy Facility, 
Sanford, Florida, 2009, listed 
as reference project (designed 
and built 80 wet tons per day 
facility) 

Kelly Sarber, 
Regional Vice 
President. 

Ph: (760) 942-8400 
Cell: (760) 613-
5994 

kellysarber@ 
hotmail.com 

22-Aug-11 BIOSOLIDS 
 Biosolids gasification 

system with generation of 
thermal energy for 
biosolids drying 

 Main components 
include: 
° Drying system 

(continuous feed, 
screw type dryer) 

° Gasifier  
° Thermal oxidizer 
° Energy recovery 

system (use of heated 
flue gas from the 
thermal oxidizer) 

 The biosolids gasification 
process generates syngas 
which is combusted in the 
thermal oxidizer 
generating hot flue gas 
which, in turn, is used to 
dry the biosolids. The 
dried biosolids are then 
conveyed to the gasifier 
to close the loop and 
repeat the cycle. 

 The residual inert ash 
from the gasification 
process could be used as 
fertilizer 

 High grade flue gas use 
for energy recovery; low 
grade flue gas to produce 
heated water 

Implementation timeline: 
Not discussed 

MaxWest proposes that PCRWRD 
implement their proprietary 
gasification process to utilize and 
manage biosolids.  The process 
contains the following steps:  storing 
and handling of dewatered biosolids, 
drying, gasification, thermal 
oxidation, and energy recovery.  Not 
only does the process harness the 
energy of the biosolids by producing 
thermal flue gas, but it also produces 
excess material that can be used as 
fertilizer.  The only byproduct is inert 
ash.  The system is flexible, so there 
can be multiple energy recovery 
systems with different purposes and 
precedence. 

DBFO  System produces 
Class “A” dried 
biosolids 

 

MaxWest has the first and 
only commercially 
operating biosolids 
gasification facility in 
North America, located in 
Sanford, FL.  This 80 wet 
ton per day facility was 
designed and constructed 
with partner, CPH, and is 
estimated to save the city 
$12 million in 20 years.  
Although the technical 
process at this facility is 
given in detail, no further 
experience is outlined. 

Proprietary  Limited experience in 
biosolids to fuel. No 
experience at scale 
approaching Ina Road WRF.  

mailto:magnaflo@flash.netjerrymccurtain@magna-flow.com
mailto:magnaflo@flash.netjerrymccurtain@magna-flow.com
mailto:magnaflo@flash.netjerrymccurtain@magna-flow.com
mailto:magnaflo@flash.netjerrymccurtain@magna-flow.com
mailto:kellysarber@hotmail.com
mailto:kellysarber@hotmail.com
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No Perc Water Corporation959 
South Coast Dr.Suite 315 
Costa Mesa,CA 92626 

PERC Water & Alder 
 Partnership: 

° PERC Water 
Corporation 

° Alder Construction 
 PERC Water has 13 years 

of experience in design, 
construction, and 
operation of infrastructure 
projects; Alder has 45 
years of experience as 
general contractor 

 Santa Paula WRF: 4.2 
MGD Water Recycling 
Facility, Class B Bio-solids 
Facility; $62 million 100% 
privately Financed, 30 year 
DBFO, 2011 Recognition 
as Most innovative PPP.  

Similar example for a 9.0 
MGD Water Recycling pump 
and a list of other 10 
examples in California and 
Arizona 

Juergen Nick, 
P.E.Vice President 
of design and 
Engineering. 

Ph: (602) 275-
8066x 104 
Cell: (714) 514-
1958 

jnick@percwater.c
om 

22-Aug-11 BIOSOLIDS   
 Sludge drying facility 

using belt dryers 
 Use recovered heat from 

gas engines/gas turbines 
to operate belt dryers 

 Footprint of a belt dryer 
is approximately 150 ft x 
60 ft; total of 4 dryer belts 
would be needed 

 The end product of the 
belt dryers would be dried 
pellets, which eventually 
could be conveyed to 
power plants or cement 
kilns for use as 
supplemental fuel 

 
BIOGAS 
 On-site power generation 

using biogas and sale of 
electricity through a PPA 

 Treat biogas to produce 
compressed natural gas 
(CNG) for use as fuel in 
County vehicles 

Implementation timeline: 24 
months from NTP (both 
biosolids and biogas 
systems) 

Perc water and Alder construction 
propose an integrated approach.  
Their approach to biosolids 
management is to use the more 
efficient and cost effective belt dryers 
(as opposed to solar dryers) to dry 
and process the biosolids into pellets, 
after which they can be used as 
supplemental fuel in coal fired plants.  
Their approach to biogas is to either 
condition the gas to produce CNG 
in sufficient quantity to power the 
County vehicle fleet, or to put in 
internal combustion engines for a 
cogeneration plant.  The electricity 
from this plant could be sold under a 
PPA as”green power” taking 
advantage of renewable resource 
credits.  The company recommends a 
DBFO or DBFOO approach which 
would mean no capital expense to 
Pima County, and completion 
possible by the end of 2013.  The 
report doesn’t contain very much 
technical information about their 
biosolids and biogas management 
approach.  However, it does contain 
several in depth appendices of 
outside research regarding the 
advantages of private public 
partnerships and alternative 
financing, specifically the DBFO or 
DBFOO delivery methods. 

 DBFO 
 Response 

includes 
appendices 
with 
extensive 
literature 
information 
about 
alternative 
delivery 
methods, 
public-
private 
partnerships, 
and 
wastewater 
infrastructure 
financing 

 Team claims to have 
experience executing 
a number of fast 
track design-build 
projects 

 Emissions are 
expected to be at a 
level below the 
threshold for a 
major modification 

Perc water has successfully 
designed, constructed, and 
operated 20 infrastructure 
projects since its founding 
in 1998.  They cite their 
DBFO delivered work at 
the Santa Paula WRF and 
the City of Rialto WRF as 
representative projects. 
Furthermore, they 
reference 10 other 
representative projects on 
page 1-2.  Alder 
Construction Company, 
with which Perc water 
partnered to file this join 
Expression of Interest, is a 
family owned general 
contractor founded in 
1966.  They have 
completed over 56 water 
and wastewater system, 
pump station, and tank 
projects within the last 15 
years.  Alder cites the 
Weber Basin Water 
Treatment Plant 
Expansion #3 as a 
representative project.  
Perc water is also 
experienced in dealing with 
Public-Private Partnerships 
(PPP) and has provided 
research on alternative 
financing and how 
different delivery methods 
distribute risk. 

open  Construction and 
engineering cost savings of 
Approximately $50M 
estimated from using belt 
dryers versus solar dryers 

 PERC Water states that 
formation of accounting 
standards and trading 
markets has improved the 
financial outlook for 
carbon credits. Revenues 
of $10M over a period of 
10 years estimated from 
carbon credits. 

Proposes use of biogas fueled 
belt driers to produce dried 
product, however, market 
assessment did not reveal 
strong market for dried 
product. Available biogas for 
fleet fuel or cogen woud be 
diminished. Not sure if 
proposed biogas use is CHP 
or clean and sale - maybe 
either. Approach is more 
focused on desire to 
DBOOF 

mailto:jnick@percwater.com
mailto:jnick@percwater.com
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No Synagro - WWT, Inc. 
135 Reposado Drive 
La Habra Heights, 
CA 90631 

Synagro 
 In association with HDR, 

Inc. 
 Synagro Expertise: Site 

development, facility 
design, financing, 
construction, operation, 
transportation, public 
relations, community 
acceptance programs, 
permitting and marketing 
and use of end products   

 HDR Expertise: CHP 
facilities design, 90% 
“FOG to Energy” study 
for City of Tempe, Gill’s 
onion project 

 Synagro currently manages 
over 12,000,000 wet tons 
of biosolids and other 
organic by-products 
annually at 650 municipal 
and 40 industrial water and 
wastewater generators, 
with operations in 37 
states. Operates 11 heat-
drying facilities, 3 
composting facilities, 3 
incineration facilities, 35 
permanent and 48 mobile 
dewatering units. 
Management of biosolids 
programs for some of the 
nation’s largest biosolids 
generators.  

Synagro included 5 examples 
of similar projects with 
references 

Layne Baroldi, 
Regional VP 
Project 
Development 

Ph: (714) 229-2943 lbaroldi@ 
synagro.com 

22-Aug-11 BIOSOLIDS 
 Proposed approach 

includes: 
° Maintaining the 

existing Class B land 
application of liquid 
biosolids as long as the 
application is close to 
the plant and as long 
as it is not banned 

° Diversify the biosolids 
management program 
through the 
development of a 
Class A biosolids 
product with one or 
the combination of the 
following technologies: 
Composting, Solar 
drying or mechanical 
drying and 
pelletization 

 
 For the composting 

project Synagro will 
develop, construct, and 
operate the composting 
facility. Main tasks: 1) Site 
selection 2) Application 
for regulatory approvals 
3) Assessment of markets 
for final product 4) 
Solicitation of external 
biosolids generators 5) 
project financing. 

 
BIOGAS 
 Cogeneration including 

new gas-fired engine 
generators equipped with 
heat recovery systems 
(use of biogas to produce 
electrical and thermal 
energy) 

 Addition of FOG and/or 
food waste to the 
digestion process 
suggested to increase 
biogas production 

 Preliminary sizing:  
° Windrow composting 

– 20-acre site 
° Mechanical drying – at 

11,000 dt/yr, one 
direct or indirect dryer 
in an area of 200 ft x 
200 ft  

Implementation timeline: 12 
months for construction of 
windrow composting facility 

Synagro’s proposal stresses their 
extensive experience which means 
flexibility in terms of which 
technologies are used and what 
delivery method is chosen.  
However, they do propose 
specifically to manage biosolids 
through composting and solar 
drying, or possibly mechanical drying 
and pelletization.  They argue that 
this would create a reliable and 
sustainable biosolid management 
strategy that creates class A biosolid 
products.  Synagro also proposes to 
implement a Combined Heat and 
Power (CHP) approach to manage 
biogas, which could be used to 
power the biosolid drying system at 
Ina road. 

DBFOO 
 

 Synagro proposes a 
public-private 
partnership if the 
County goes for 
biosolids drying and 
pelletization 
technology 

 Biosolids and biogas 
management 
integration: For that 
purpose, Synagro 
would design, install, 
own, operate and 
maintain a biogas 
treatment and 
biosolids heat drying 
system that utilizes 
biogas as a biogenic 
fuel at the Ina Road 
WRF. The product 
of thermal drying 
can be used as a fuel, 
blended as a 
fertilizer, or used 
directly for land 
application. 

Substantial experience, 
nationwide. Well known 
name in biosolids 
management; typical model 
is DBO or DBOOF. 

open  Synagro offers:  
° Single source of capital 

necessary to 
commercialize the site 
(including rolling stock 
and fixed capital 
facilities)  

° Increase in the County 
tax base 

° Marketing of biosolids 
products 

 Synagro generation of 
revenue is $300 million, 
has successfully financed 
$375 million in relevant 
projects 

Mine reclamation market 
seems promising for the final 
product 

Approach is focused on 
producing dried biosolids or 
compost. They have offered 
no evidence supporting local 
market demand for either of 
these products. 

mailto:lbaroldi@synagro.com
mailto:lbaroldi@synagro.com
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No Inland Industrial 
and Rigging Inc. 
4302 S. Dishman Mica Rd. 
Spoken Valley, WA 
99206 

Inland Industrial & Rigging, 
Inc. 
Industrial and commercial 
contracting company; has 
completed a number of large 
projects throughout the 
inland northwest, including 
multiple projects at Hanford 
Nuclear Reservation, dam 
maintenance and repair, and 
steel erection for a number of 
commercial structures. 

Stephanie Haskins, 
Business 
Developer. 

Ph: (480) 235-2022 stephanie@ 
inlandindustrial.co
m 

22-Aug-11 Inland Industrial & Rigging 
is not proposing any 
particular biosolids and 
biogas approach. The 
company is rather expressing 
interest in participating in 
the construction of 
identified projects. 

The company is not proposing an 
approach that addresses biosolids or 
biogas specifically, but rather is 
expressing interest in the being a part 
of the construction process.  As 
construction approaches, the 
company would like to bid as a 
subcontractor on projects such as 
steel erection, equipment 
transportation and installation, and 
other rigging tasks.  The rest of the 
response highlights the company’s 
past projects and safety program.  
The response also emphasizes their 
commitment to keeping jobs local 
and leasing from local suppliers. 

  Inland Industrial claims 
extensive experience 
working at power 
generation facilities.  They 
highlight three past 
projects:  the Hanford 
Nuclear Reservation STP 
Mock-Up, the Lower 
Monumental Dam 
Structural Rehabilitation, 
and the Post Falls Dam 
North Channel Sector 
Gate Rehab.  They also 
provide a reference list for 
42 past projects, as well as 
details about personnel 
info safety policy. 

n/a  Not applicable.  

No Byo-Gon 
Lakepointe Environmental 
Group, Inc. 
5001 Southwest Orchid 
Bay Drive. 
Palm City, FL 34990 

Lakepointe Environmental 
Group, Inc. 
 Twenty years of experience 
 Vendor, who also provides 

service technology, field 
testing and consulting in 
the area of wastewater 
treatment utilizing a 
biological stimulant, 
BYOGON, PX-109 

Sales in Alabama, Florida, the 
Caribbean 

Jack Serafin, 
President 

Ph: (800) 477-5791 
Cell: (772) 485-
9145 
Fax: (772) 287-
7698 
 

JS@byogon.com 22-Aug-11  BIOSOLIDS / BIOGAS 
 Application of biological 

stimulant BYOGON, 
PX-109 (extract from 
selected plant materials) 
to the anaerobic digesters 
to achieve: 
° Increased gas 

production and 
improved gas quality 

° Improved digester 
performance; foaming 
reduction; elimination 
of odorous 
compounds 

° Lowered volume of 
solids 

Lower nutrient levels 

The proposal is to apply BYO-GON 
PX-109 bio-stimulant to the 
treatment plant to manage biosolids.  
The product would increase 
anaerobic activity leading to 
increased gas production, improved 
gas quality, lowered volume of solids, 
and lower nutrient levels.  More 
specific project proposal is not 
detailed.  References and case studies 
on CD. 

  Lakepointe is a small 
environmental group 
founded in 1991 that 
specializes in the 
application of their 
patented BYOGON, PX-
109 biological stimulant.  
They are active in multiple 
states, but don’t list many 
project references.  They 
do cite successes at a TX 
municipal plant in reducing 
odor and mass of sludge, 
as well as at a Naple, FL 
plant in reducing odor and 
grease.  

open  Not a complete solution for 
long range biosolids 
management. Could be 
implemented at any time.  

No Kruger Inc. 
401 Harrison Oaks Blvd. 
Suite 100 
Cary, NC 27513 
 
(subsidiary of Veolia Water) 

Kruger Inc.   
 Subsidiary of Veolia Water 

Solutions and 
Technologies 

 Seventy years of 
experience 

 Provides complete 
processes and systems 
ranging from biological 
nutrient removal to 
biosolids treatment 

Case studies of reference 
projects included in an 
appendix 

Michele Kline, 
Project Manager 
 
Jim Georger, 
Regional Sales 
Manager 

919-677-8310 
 
972-489-4235 

michele.kline@veol
iawater.com 
 
jim.georger@veolia
water.com 

25-Aug-11 BIOSOLIDS 
 Biosolids drying: BioCon 

Thermal Belt Dryer and 
Solia Solar Drying System 

 
BIOGAS 
• Sludge thermal hydrolysis 

(EXELIS Process) – 
Enhanced biogas 
production 

Kruger does not outline a specific 
proposal for PCRWRD, but rather 
gives details of its various 
technologies that could be 
implemented at the plant.  One such 
technology is EXELYS continuous 
thermal hydrolysis, which increases 
digestion efficiency thus increasing 
biogas production and decreasing 
ultimate sludge disposal volume.  
Another technology that Kruger 
proposes could be used is the Bicon 
Thermal Dryer, which is an 
automated, low-carbon,  belt dryer 
system that is built for simplicity, 
flexibility, and safety.  An alternative 
to the Biocon dryer is the SOLIA 
solar dryer.  This innovative 
approach uses solar energy to dry 
windrows of biosolids in specially 
designed greenhouses, thus reducing 
disposal volume with almost no 
energy cost.  Kruger’s response also 
gives details of their Bioethane 
Anaerobic Digester technology, their 
Anita Mox process for removing 
nitrogen, and their OdoWatch 
technology for monitoring odor. 

DBO 
Appendix 3 lists 
reference 
projects 
identifying the 
alternative 
delivery method 
used (including 
DBO and 
DBFO) 

 Veolia and Kruger have 
extensive experience with 
wastewater treatment and 
biosolids management.  
Veolia holds more than 
3,000 patents and in their 
40 y ear history in North 
American has established 
276 clients, 169 of which 
are governmental.  
Furthermore, Kruger has 
worked on major WWTPs 
in Chicago, Toronto, and 
Baltimore (included for 
reference in section 3 of 
response).  Specifically, 
Kruger has completed 5 
thermal hydrolysis systems, 
16 Biocon drying systems, 
and 15 SOLIA solar drying 
systems.  In total, Kruger 
offers 30 different 
wastewater related 
technologies.  Also, Kruger 
has experience working 
with Pima County – they 
currently use their 
Oxidation Ditch and 
OdoWatch technologies. 

Proprietary  Veolia had a revenue of 
$3.05 billion in 2010 

PCRWRD has considered 
thermal hydrolysis  previously 
(and BC considered initially 
for this study) and 
determined it was not 
appropriate. Other 
technologies proposed by 
Kruger have been considered 
previously. If PCRWRD 
elects to proceed with 
greenhouse driers 
(demonstration project), 
Kruger may be a viable 
candidate.  

mailto:stephanie@inlandindustrial.com
mailto:stephanie@inlandindustrial.com
mailto:stephanie@inlandindustrial.com
mailto:JS@byogon.com
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No Alcor Energy 
  2270 South Airport Blvd. 
Suite 6  
 Chandler, Arizona 85286 

Alcor Energy 
 Based in Chandler, 

Arizona 
 Designs, installs and 

operates Combined Heat 
and Power (CHP) and 
Distributed Generating 
(DG) Systems 

 4 MW of CHP installed 
 Experience in aerospace 

turbine engine operation, 
maintenance, 
manufacturing, and repair 

 CHP implemented at 76 
water treatment plants in 
24 states with a total of 
220 MW of installed 
capacity 

Barry Stonehouse, 
President 

480-917-7300 barry.stonehouse@
alcorenergysolution
s.com.   

12-Sep-11 BIOSOLIDS 
 Drying solids using heat 

from CHP to produce 
Class A solids for 
marketing and sale 

 
BIOGAS 
 CHP generation using a 

turbine based package 
 Typical installation size is 

500kW to 3MW but; can 
configure larger size upon 
customer needs  

 As the gas production 
increases over time, Alcor 
can replace its CHP 
generation equipment 
with larger units 

 Potential use of thermal 
energy: 
° Additional power 

generation 
° Site building and 

digester 
heating/cooling loads  

° Thermal energy for 
solids drying 

 Preliminary design using 
100% available biogas: 
° 1.5 MW 
° Case 1: Providing 

heating/cooling to 
projected building and 
digester loads. Total 
annual savings to the 
County $434,000 

Case 2: Case 1 plus solids 
drying. Total annual savings 
to the County $1,162,000 

Alcor proposes to design, build, and 
operate a Combined Heat and Power 
(CHP) turbine system at the Ina 
Road facility.  This would provide 
“clean, green, and reliable power” 
which could be used for redundant 
power, grid independence, and utility 
savings.  They predict to size the 
system at 1.5 MW, which will use 
100% of the available digester gas.  
Based upon this size, Alcor has 
included an economic model which 
predicts net savings for Pima County 
of $437 to $1162 thousands of 
dollars annually, depending on how 
the energy is used.  They propose 
that the thermal energy produced 
could be used for any combination 
of additional power generation, site 
building and digester 
heating/cooling, and biosolids 
drying. 

DBFOO 
 Model used 

by Alcor for 
most of its 
installations 
and 
proposals, 
not just at 
the County 

 Alcor asking for a 
lease agreement and 
operating agreement 
over at least a 10 
year period 

 Include a buyout 
provision, if desired 
by the County 

 Minor permit 
revision would be 
needed for the new 
CHP system 

 Once the County 
provides final energy 
load projections and 
confirmation of 
digester gas 
production 
schedules, the 
system could be 
delivered “in a few 
months” after 
agreements 

Alcor claims extensive 
experience in aerospace 
turbine engine operation, 
maintenance, 
manufacturing, and repair, 
which they say allows for 
greatly reduced capital 
outlays.  Although Alcor 
does not cite any specific 
projects, they have 
previously installed 4MW 
of CHP.  Furthermore, 
they are familiar with the 
DBFOO delivery method, 
using it for all of their 
projects.  They point out 
that CHP at Waste water 
treatment plants is a 
mainstream technology 
used in over 76 plants, but 
do not give any specific 
examples. 

Open  Fixed monthly equipment 
lease payment and fixed 
operating agreement fee 

 Alcor has the financing 
capabilities to complete the 
installation in place 

 RECs would be available, 
but the impact is not 
known 

Alcor's proposed approach is 
valid for a cogen option. 
However, they have relatively 
little experience (4MW 
installed is a very small 
resume).  

No Sierra Southwest Cooperative 
Services, Inc.5210 E. 
Williams Circle, Suite 
600Tucson, AZ 85711 

Sierra Southwest  
 Natural gas supplier in 

Arizona, California, and 
Nevada 

 Only marketing firm based 
in Arizona (based in 
Tucson) 

 Providing natural gas since 
2000 

 Part of a member-owned 
cooperatives that include 
Arizona Electric Power 
Cooperative (AEPCO) 

Rick Vogel, Vice 
President 

520-547-7922 rvogel@ssw.coop 11-Sep-11 BIOGAS 
 Sierra Southwest is 

interested in buying 
treated gas from the Ina 
Road WRF as long as the 
gas: 
° Is pipeline quality 
° Can be injected into 

the Southwest Gas 
Tucson system 

° Comply with any and 
all Southwest Gas 
requirements 

Sierra Southwest proposes a very 
limited approach to biogas 
utilization.  They hope to buy any gas 
for sale by Pima County, assuming it 
is pipeline quality and meets all of 
the Southwest Gas requirements.  
They would purchase gas based on 
market prices, and inject it into the 
Southwest Gas Tucson system, from 
which there is currently high demand 
for natural gas.  This approach would 
benefit the county by providing a 
revenue source, using up all biogas, 
and allow for renewable energy use 
at other county facilities.   

  County gas can be 
delivered to other 
County meters that 
are eligible for gas 
transportation 

No permitting issues 
would be involved 

Sierra Southwest is a 
natural gas supplier to 
customers in Arizona, 
California, and Nevada.  
They are the only natural 
gas marketing firm in AZ, 
and are in fact based in 
Tucson.  They are part of 
the Arizona Electric Power 
Cooperative, and have 
been providing natural gas 
since 2000.  No specific 
projects are cited. 

Open  Sierra proposes on buying 
the natural gas based on 
market price on monthly 
basis or on a fixed price 

 Sierra will provide a 
revenue source 

Sierra Southwest's response 
does not offer a 
comprehensive biogas 
solution. However, they show 
interest in purchasing Pima 
Co biogas which further 
enhances the perceived 
viability of the biogas sale 
option.   

mailto:rvogel@ssw.coop




Alcor Energy 1 of 4 

140380-1.1 (Phase 100, Task 003) 
 
 
Summary of Discussions with Alcor Energy 10/6/11, 10:00 am – 11:30am 

Attendees: 
Tom Broderick, Intermountain CHP Application Center 
Barry Stonehouse, Alcor Energy 
Gary Newman, BC 
Jerry Bish, G&H 
Fernando Sarmiento, G&H 
Mike Gritzuk, Consultant 

 
Alcor Energy 
 
Technical Approach 

1. Describe the technology proposed for generating the power from the biogas. Is your response 
to the REFI based on new or used turbine equipment? If used equipment is proposed, how 
would you insure reliability of the equipment? 
 
Re-build aviation turbines, mostly from military. Purchase turbine at a deep discount, then 
re-furbish with parts and materials in their own shop. Tailor parts and castings to the 
application. Build their own generators. Alcor operates and maintains turbine-generators 
they install; they control maintenance and perform preventative maintenance more 
frequently to extend longevity of machine. 
 
They propose 2 turbines-generators, each rated at about 1MW each. They estimate gas 
production will produce about 1.7MW of power. These are estimated to be 29% efficient on 
power production and 40% efficient in thermal energy recovered. Alcor would dial the 
turbines to avoid generating more power than needed so that Ina Rd WRF can stay within 
the current TEP tariff. 
 

2. Describe the biogas conditioning process proposed by Alcor for the power generation process 
envisioned. Will your system be able to accommodate raw biogas H2S and Siloxane 
concentrations of approximately 3200 ppmv and 5000 ppbv, respectively? 
 
Only remove water. They claim their turbines, with proper coatings, are not impacted by H2S 
or siloxanes; therefore, no gas treatment required. They did admit that in heat recovery 
steam generator there can be some corrosion and scaling. 
 

3. Would generated power be used to off-set power purchased by PCRWRD? Or sold directly to 
TEP? Or sold “on the open market”? 
 
Power fed into Ina Rd WRF power distribution system; all used on-site. But would consider an 
arrangement to sell power to TEP directly. 
 

4. If sold to PCRWRD to off-set power purchases, how would Alcor ensure reliability to avoid 
downtime that could invoke substantial demand charge penalties on PCRWRD? 
 
Agreement with PCRWRD would include provision for Alcor to pay all demand charge 
penalties associated with downtime. They do require 5 days per year of scheduled downtime 
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– this could be scheduled to minimize demand charges. Also, they envision 2 turbines so 
only a portion of power production would be off-line. They indicated that in reality, downtime 
is much less than 5 days per year. They perform much of their PM (oil changes and air filter 
changes “hot” while turbine is in operation). 
 

5. A critical success factor for PCRWRD is to avoid a major modification to its air permit update. 
How can Alcor ensure that a major modification is not required? 
 
They have reviewed PCRWRD’s current air permit and are confident their emissions will be 
well within the permitted totals. 
 

6. A critical success factor for PCRWRD is to avoid flaring of biogas. How would your proposed 
approach be configured to address this critical success factor? 
 
Turbines will be a bit over-sized to accommodate peak gas production. Turbine controls will 
“follow” gas production, so electrical output will vary with gas production. Some limited gas 
storage would be provided. 
 

7. How and by whom will the Class A biosolids end product be marketed and sold? 
 
They have not considered this. 
 

8. What is your proposed process for biosolids drying? Has Alcor developed a biosolids drying 
process previously? 
 
He indicated a “tumbler, centrifuge” dryer. Not sure what he meant by this. 
 

9. In the foreseeable future there would be need for only 20-30% of the thermal energy 
generated at the cogeneration facility. How will this impact your proposed concept? 
 
Recover heat for biosolids drying. Plant’s thermal needs can be covered also. 
 

10. What type of heat rejection system would be provided for excess heat above the heat used to 
meet the plant thermal energy demand? Is Alcor proposing a use for this excess thermal 
energy? 
 
Could install a low pressure steam turbine to generate additional power (estimate 400KW) 
over the 1.7MW base power output from turbine-generators. 

 
11. Are there any recycles from Alcor Energy’s process back to the plant? What are they and 

what are the characteristics and quantities produced? 
 
Only condensate. 
 

12. How large an area will be required for the proposed facility? 
 
For two 1-MW turbines – 24 ft by 50 ft. However, they would prefer to use the existing energy 
recovery building because the gas and water and heating pipes are already in-place at this 
location. 
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Project Experience 
13. Alcor states that they have a “resume” that includes 4MW of installed CHP. Please describe 

this(es) installation(s). Which are utilizing biogas? Are the technologies employed similar to 
what is proposed for PCRWRD? 
 
They have several facilities, but only one on biogas from anaerobic digesters. This is a 
private facility in TX (Environmental Solutions). They have a commercial installation at a 
hospital in Tucson (1MW with NG as fuel). Alcor also commented on a facility in Italy where 
syngas is used as fuel (the syngas is obtained from gasification of plastics removed from a 
landfill. 

 
Project Economics 

14. Provide a breakdown to substantiate the savings to PCRWRD identified in the two scenarios 
in Alcor’s response. 
 
Lower savings is for power generation only; the higher savings is for both power generation 
and biosolids drying. 
 

15. Will you be able to dry and dispose of the sludge at or less than the cost of current land 
application (which is approximately $90/dry ton)? 
 
Has not considered biosolids disposal. 
 

16. How standby charges from the electric utility will be avoided if you cannot provide continuous 
power (24/7/365)? 
 
See response to question 4. 
 

17. Are you considering a PPA to sell electricity to the Ina Road WRF or a PPA to sell electricity 
directly to an electric utility? 
 
No. It would be a “per kilowatt lease”; that is, PCWRD pays Alcor a set rate for each kilowatt 
generated. This is estimated to be about $0.025 – 0.03 per kWh generated. Alcor provides 
all capital (estimated at $1.8 million), all O&M and carries all risk. Their standard agreement 
would include a 3% per year escalator after the first 2 years of operation in a typical 10-year 
agreement. Alcor described the agreement as “Equipment Lease and Operating Agreement 
Fee”. Alcor would lease the equipment to PCRWRD and operate and own the equipment; 
PCRWRD would provide the fuel (biogas). This fee to be paid by PCRWRD would be in the 
order of $0.025-$0.03/kWh used. 
 

18. In the case of selling generated electricity to the Ina Road WRF, will you be able to produce 
electricity at or less than the cost of electrical energy provided by the electric utility (which is 
currently $0.059/kWh)? 
 
Yes. See question 17. 
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Regulatory Approach 
19. Besides turbine exhaust, are there any off-gas releases that need to be permitted? 

 
No. 
 

20. Will Alcor Energy apply for and hold the air permit for the facility? 
 
Yes. 

 
Site Specific Project Delivery/Integration 

21. Describe the commercial arrangement between Alcor and PCRWRD for biogas management 
that would benefit both Alcor and PCRWRD. 
 
Per kilowatt lease agreement – see question 17.  They prefer a DBFOO agreement so they 
can control costs of implementation – they can do it at lower costs than PCRWRD. 
 

22. In the case of selling generated electricity directly to an electric utility, what would be the 
arrangement with the County? 
 
Presumably, PCRWRD would be paid for the gas, but this was not addressed directly. 
 

23. Who will sign the contract with the County? 
 
Alcor 
 

24. Who will be the guarantor for the project? 
 
Alcor 
 

25. You have indicated DBFOO as your proposed delivery method. Why would this be an 
advantage to the County versus DBO? 
 
See question 21. 
 

Other Information 

• Biogas is compressed to 150 psig to feed turbines. 

• Their turbines can operate on NG or a blend of NG and biogas. If blending occurs 
automatically, they monitor via exhaust gas temp. 

• Their approach includes inlet air cooling to 82 deg F to maintain turbine-generator output at 
high temperatures. 

• The normal lease agreement is for 10 years; they would prefer a longer term as this helps 
them to recover capital. Although not the preferred option, Alcor would entertain the option 
of a 5-year agreement. 

• Alcor indicated that in their agreements they own the Renewable Energy Credits (RECs). 

• Timeframe for implementation: 60 days from NTP. Alcor commented that the main challenge 
would be establishing an Interconnect Agreement with TEP. Alcor added that for 
interconnect agreements they typically work with Greg Marks who used to be with the 
Arizona Corporate Commission (ACC) and works very well with TEP. 
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140380-1.1 (Phase 100, Task 003) 
 
 
Summary of Discussions, held via teleconference, 9/30/11, 8:30 – 9:30am 

Attendees: 
Michael Michels, Cornerstone Environmental Group 
Gary Newman, BC 
Jerry Bish, G&H 
Fernando Sarmiento, G&H 
Mike Gritzuk, Consultant 

 
BioCNG LLC (subsidiary of Cornerstone Environmental Group) 
 
Cleaning Process 
1. Describe your process for cleaning biogas to pipeline quality. 

 
Patent pending. Includes the following: H2S removal (SulfaTreat), Siloxane and VOC removal 
(carbon), CO2 removal via molecular sieve (AirLiquide). 
 

2. What is the efficiency of the BioCNGTM system in terms of cfm of biomethane (cleaned biogas) 
per cfm of raw biogas? 
 
67% recovery of raw methane from biogas. 
 

3. Will your BioCNGTM system be able to accommodate raw biogas with H2S and Siloxane 
concentrations as high as 3200 ppmv and 5000 ppbv, respectively? 
 
Yes. Design is based on 1000 ppm H2S and 1000 ppb Siloxane, so higher concentrations can be 
accommodated but will require more frequent H2S removal media and siloxane removal carbon 
replacement. 
 

4. Assuming 100 cfm of raw biogas at 10” W.C. (0.36psig?) of pressure is delivered to your system, 
what would be the output (in cfm) from the overall system as CNG at 3,600 psi? 
 
100 cfm of biogas is 60% methane; 67% recovery of methane. So about 40 cfm as vehicle fuel 
methane, before pressurization. 

 
5. Is the CO2 removed through the BioCNGTM system part of the off-gas sent to the flare or boiler? 

 
Yes, together with the methane; it’s the methane that provides the fuel value of the off-gas. 

 
Off Gas, Residual Streams, and Storage Considerations 
6. In your RFEI response it is suggested that the off-gas release from the BioCNGTM system can be 

directed to an existing flare or boiler. For flare operation, do we have to keep the flare on all the 
time? For the boiler operation, would the off-gas have an impact on the boiler operation 
(particularly due to its H2S and Siloxane content)? 
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Off gas is produce continuously while BioCNG process is running, so “disposal process” (flare, 
boiler, turbine, etc) must also run continuously. 
 

7. How does your approach accommodate natural fluctuations in digester gas production? 
 
Incorporate another biogas utilization process – i.e. cogen – to use gas not accommodated in 
BioCNG. NOTE: BioCNG produces CNG to CNG vehicle fuel standards (about 80-96% methane); 
pipeline quality standards are closer to 98-99% methane. Therefore, BioCNG CNG cannot be 
sold to the utility for injection into a utility pipeline. So this is not an option. BioCNG does not 
remove nitrogen from the gas stream. 
 

8. If gas flaring is not an option (per PCRWRD’s requirements) how would you ensure that all gas is 
beneficially utilized if vehicle fuel demand falls short of biogas production? 
 
Install a microturbine or engine for power production. 
 

9. What is the basis for the tank storage volume identified in your RFEI response? Please discuss 
storage requirements and CNG vehicle filling operation. 
 
Site-specific. Depends on hours/day of vehicle fueling, and assumed continuous production of 
biogas. 
 

10. What are general characteristics of the BioCNGTM system residual streams (such as condensate 
and off-gas release) in terms of quantity and quality? Who is responsible for managing and 
ultimately disposing of these residuals? 
 
About 100 gal/day condensate (for a 200 cfm raw biogas unit), and includes some benzene and 
toluene. Part of the condensate comes from the BioCNG unit and part from the fueling station 
(compressor). 
 

Cost Related Questions 
11. What would be a range of capital costs for a CNG system for vehicle use for the biogas generated 

at Ina Road WRF? 
 
For 200 cfm raw biogas, a BioCNG process (BioCNG200) is estimated to cost $1.5 million to 
implement. Mr. Michels estimated that a pipeline quality cleaning process for the same raw 
biogas volume (200 cfm) would cost $3-4 million. 
 

12. What would be a range of O&M cost and breakdown (power, chemicals, labor, etc.) of a CNG 
system for vehicle use for the biogas generated at Ina Rd WRF? 
 
$0.60 per gasoline gallon equivalent. This cost is for operation of a 200 cfm BioCNG unit 
(BioCNG200) and fueling station and includes labor (1 hour/day), media replacement, and 
power cost at about $0.08/kw-hr. About 15% of this is related to H2S and Siloxane removal 
media replacement – see response to question 3 above. 
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Related Project Experience 
13. Has the BioCNGTM system been used for biogas from a wastewater treatment plant? 

 
Process is under construction at Janesville, WI (not in operation yet). The main use of biogas at 
this facility is cogeneration using micro-turbines; a BioCNG50 unit (50 cfm raw biogas) will be 
added to generate approximately 250 gasoline gallon equivalent/day. Mr. Michels will provide a 
contact name and number. Mr. Michels indicated that within 6 months there will be many more 
digester gas to vehicle fuel processes in operation. He indicated that digester gas is a better 
application for cleaning to vehicle fuel than landfill gas because it is more concentrated and it 
does not contain nitrogen. 
 

14. Would the proposed system components (BioCNGTM, fueling station, storage tanks) need to be 
installed indoors or outdoors? Is there any preference one way or the other? 
 
Installed outdoors is preferred. Components are designed for Class 1, Div 2 environment. 
Molecular sieve media must not be allowed to freeze. Therefore, keeping this media warm 
during cold winter nights is necessary. In Arizona it would be recommended to use some type of 
shading structure during the summer days and blankets on top of the molecular sieve 
membranes during winter (temperature as low as 20°F in Tucson). 

 
15. Where has this process been implemented previously? Can we obtain contact info? 

 
See question 13 above. 

 
16. Is the quality of the cleaned gas from your proprietary system BioCNGTM suitable for NG pipeline 

injection? Have you had experience with projects with biogas injection to NG pipeline? 
 
No. See response to question 7 above. 
 

Site Specific Project Delivery/Integration 
17. Would you consider other processes for gas cleaning other than the process you propose? 

 
Cornerstone’s business is consulting engineering to help clients develop biogas to energy 
projects. Cornerstone would be willing to work with PCRWRD to implement other biogas to 
energy processes if deemed appropriate by PCRWRD. 
 

18. Where have you assisted clients in obtaining renewable energy grants for similar projects? How 
would you propose to use grants to make your approach more economically viable for both 
PCRWRD and BioCNG? Does your approach depend on grants to be economically viable? 
 
Some of their clients have obtained grants to offset construction costs. However, grants are not 
needed to make the proposed approach economically viable. For a 200 cfm BioCNG unit 
(BioCNG200), Mr. Michels indicated that vehicle grade CNG could be produced, without grant 
monies, (using BioCNG) for $1.00 - $1.25 per gasoline gallon equivalent. This compares to 
current gasoline prices of $3.25 - $3.50/gallon. Therefore, the BioCNG approach is 
economically viable regardless of grants. Based on his research, Mr. Michels indicated that 
there are many grant opportunities in Arizona. 
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19. Describe the commercial arrangements you would propose to maximize the return to PCRWRD 

while maintaining a viable venture for BioCNG/Cornerstone? 
 
Cornerstone would provide turnkey system for PCRWRD via a design-build approach. 
Cornerstone would expect PCRWRD to commit to gas production flows and minimum gas quality 
(500 BTU/cu ft), plus H2S and Siloxane content. Cornerstone warranties CNG production to 
meet specified quality standards (for vehicle use). They would provide 1 year warranty on 
equipment. Equipment comes skid mounted (2 skids total for BioCNG200). Equipment has 
ample turndown capability (20 to 200 cfm for example for the BioCNG200 unit). They can 
provide fueling station as part of the package (they add a 10% mark-up). Cornerstone is willing 
to contract out operation and maintenance of the system. Although Cornerstone has not done it 
before, they feel they have the experience that would enable them to design a system to 
upgrade the biogas to NG quality if PCRWRD so desires. Mr. Michels added that if both uses (NG 
quality for pipeline injection and CNG for vehicle use) are desired, it would be more cost effective 
to implement just one system to upgrade the entire volume of biogas to NG quality and then use 
a portion of the upgraded gas for compression and vehicle use (CNG). 

 
20. What is BioCNG’s role and responsibility in “marketing” the biogas vehicle fuel to users? 

 
They have not done this previously, though they would be willing to help. 
 

Other Information 

• Vehicle certified conversion for a Ford F-150 pick-up, new or under warranty, and provided 
by Ford certified mechanics to warranty conversion - $6000 - $10,000 (parts and labor). For 
a truck out of warranty, assume about $3,000, of which $1,000 is parts, for a non-certified 
conversion. This includes an 8 gallon storage tank (small; limited range). They would not 
recommend typical auto mechanics without proper training perform the conversion. 

• Typical routine system maintenance is about 1 hour/day and includes compressor oil 
change, monitor H2S removal (drager tube readings watching for media breakthrough), 
check glycol levels in chiller. Change H2S and removal media and carbon once spent (about 
every 6 months for typical biogas quality; more frequently if higher H2S and siloxane 
concentrations). Molecular sieve membranes must be replaced every few years. 

• BioCNG has evaluated seven manufacturer’s of fueling stations and have selected two as 
preferred equipment suppliers. 
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140380-1.1 (Phase 100, Task 003) 
 
 
Summary of Discussions, held via teleconference, 10/5/11, 10:00 – 11:45am 

Attendees: 
Doug Couillard, CHP Clean Energy 
Tom Moore, CHP Clean Energy 
Gary Newman, BC 
Jerry Bish, G&H 
Fernando Sarmiento, G&H 
Mike Gritzuk, Consultant 
 

CHP Clean Energy 
 
Technical Approach 

1. PCRWRD has entered into a power purchase rate agreement (tariff) that results in relatively 
low power costs to PCRWRD at Ina Rd WRF ($0.059 per kwhr). If this is the value of electric 
power that CHP’s proposal would off-set, would CHP’s proposed approach remain viable? 
 
Yes, it could remain viable, especially if grants and incentives remain available. Needs to be 
considered in more detail. It will be important to see what the incentive programs look like in 
2013-2014 when the system would be implemented. For example, there is currently a 30% 
federal tax credit for these types of projects (the application deadline for this incentive is 
December 31, 2011). 
 

2. The TEP tariff that PCRWRD has agreed to carries fairly significant demand charges. How can 
CHP ensure that power production from its facility will be reliable so as not to invoke 
substantial demand charges to PCRWRD? 
 
Their installations have demonstrated 97% “up-time” (though their contracts usually commit 
to 93%). Also, they would typically provide multiple engines at slightly higher capacity than 
needed. For example, if the gas flow supports 1.5MW generation, they might provide 
3 engines each rated at 700KW, so if one goes down they can still provide for almost total 
power production. Also. they suggested load shedding of non-essential facilities during 
outages. Finally, they have an interconnection specialist on-staff that has negotiated terms 
with utilities to allow for planned outages (i.e. for scheduled maintenance). 
 

3. A critical success factor for PCRWRD is to avoid flaring of biogas. How would your proposed 
approach be configured to address this critical success factor? 
 
Some limited storage is afforded by digester covers but this is minimal. They would rather 
over-size the engines and possibly provide a spare engine to accommodate periods of peak 
production. Over-sizing the engine provides the secondary benefit of limiting the load on the 
engine something less than the max load allowed, thereby improving maintenance and 
longevity of machine. 
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4. In the foreseeable future there would be need for only 20-30% of the thermal energy 
generated at the cogeneration facility. How will this impact your proposed concept? What 
type of heat rejection system will be proposed for excess heat above the heat used to meet 
the plant thermal energy demand? 
 
Could be wasted through radiators. But would rather put to good use; examples: organic 
rankine cycle machine to convert excess heat to power; dry biosolids (drying not in their 
scope), meet plant thermal energy needs (heating and cooling). It was clarified that the 
thermal energy generated would be provided to PCRWRD at no charge. 
 

5. Confirm that CHP will receive raw biogas. What type of biogas cleaning system is proposed? 
Are there any specific requirements for the raw biogas delivered by the plant? Will your 
system be able to accommodate raw biogas H2S and Siloxane concentrations of 
approximately 3200 ppmv and 5000 ppbv, respectively? 
 
Proprietary BioSpark process is proposed. BioSpark was brought to market in 2003. It 
consists of sulfatreat system for H2S removal, and carbon beds for siloxane removal. It is 
custom designed for each application. They are not concerned about the reported range of 
H2S and siloxane concentrations. 
 

6. Are there any recycles from CHP’s process back to the plant? What are they and what are the 
characteristics and quantities produced? 
 
Only condensate that drains from gas conditioning process. Spent media and carbon from 
gas conditioning is sent to landfill (non-hazardous). 
 

7. How large an area will be required for the proposed facility? Is the 2500 sq ft cited in your 
response to the RFEI a correct estimate for all components of your system, including gas 
conditioning? 
 
2500 sq ft noted above is not accurate. Should be more like 4000 sq ft, including all three 
700-kW engines and gas conditioning system. General preference is for the engines to be 
located indoors (such as in the existing Powerhouse) and the gas conditioning system 
outdoors. They propose taking over the footprint of the existing powerhouse facility. 

 
Regulatory Approach 

8. A critical success factor for PCRWRD is to avoid a major modification to its air permit update. 
How can CHP ensure that a major modification is not required? 
 
They do not see this as a problem. They are currently meeting SCAQMD (CA) standards. Their 
approach would be to contract with a local air permitting expert. 
 

9. Besides engine exhaust, are there any off-gas releases that need to be permitted? 
 
No. When asked if CHP would carry operation of the flare in their operation permit, they 
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indicated that they could do that as part of the O&M effort although is not typical in their 
projects. 
 

10. Will CHP apply for and hold the air permit for the facility? 
 
Yes, provided this is allowed by the state air quality authority. If Arizona requirements are 
based on “point source” rather than “envelope” approach, CHP will apply for and hold the 
permit. 
 

Project Economics 
11. Is the heat recovered from the CHP process provided to PCRWRD free of cost? Please clarify. 

 
Yes. See also Question 4. 
 

12. What type of prime mover are you considering in your proposed system?  Internal 
combustion engines (though they have considered microturbines). 
 
They typically use engines from the following suppliers: Guascor, Jenbacher, Mann. 
 

13. Will you consider selling the power generated directly to an electric utility? How could this 
approach (selling power directly to an electric utility) benefit PCRWRD? 
 
Yes, they have done this previously, and could consider this here. The specific economics 
need to be considered to determine whether this is in PCRWRD’s best interest. 
 

Site Specific Project Delivery/Integration 
14. Who will sign the contract with PCRWRD? Who will be the guarantor for the project? 

 
CHP Clean Energy 
 

15. You have indicated DBFOO as your proposed delivery method. Why would this be an 
advantage to PCRWRD versus DBO? Would you consider participating in a DBO delivery 
method? 
 
DBFOO requires no capital from PCRWRD; assigns all the risk to CHP. The advantage to CHP 
is it provides more flexibility for project implementation and operations. DBFOO allows CHP 
to build the project at a lower cost because of the credits that they can obtain as a private 
entity (which are not available to public entities). 
 

Other Information 

• The project financing is backed-up through a private equity fund. Or, could finance through 
the project’s balance sheet. Would initiate project on own balance sheet and then switch to 
private equity. 

• They prefer to own the facility and own the RECs (even though currently RECs have low 
value; they are “banking” these in case value rises in future). 
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• Typical PPA is 15 years, but would consider 10 years. CHP would require commitment of 
minimum gas production on a monthly basis. CHP would commit to generated power 
(electrical output) and “up-time”. CHP would guarantee the power purchase rate for the life 
of the PPA, with a typical 3% per year escalation. 

• They can blend NG with biogas to supplement power production if biogas production is 
down. 

• Implementation schedule: from NTP to producing power – 5 – 10 months, including 
equipment purchase and permitting. 

• Staffing – 1 person on-site 8 hrs/day. They rely on radio dispatch with a 4-hour response 
time and 8 hours to have a person on site to address issues. 

• During power outages, their generating system would drop off-line, not run as an island. 

• They provide gas blowers; 3 – 5 psi loss through gas conditioning; engines require 1 – 1.5 
psi. 
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140380-1.1 (Phase 100, Task 003) 
 
 
Summary of Discussions, held via teleconference, 10/5/11, 12:45 – 4:00pm 

Attendees: 
Jason Jennaro, EDF 
Ralph Daley, enXco 
Gary Newman, BC 
Jerry Bish, G&H 
Fernando Sarmiento, G&H 
Mike Gritzuk, Consultant 
 

EDF Trading North America LLC, with enXco 
 
Cleaning Process 

1. What are the constraints for using Arizona biomethane gas in California (other western 
states)? How would EDF overcome these potential issues? 
 
Need a demand (buyer) identified before investing capital, but EDF has contracts in-place. 
And these contracts are expandable (“Expandable Agreements”), meaning that as they add 
sources of biogas, they have the ability to expand the delivery. 
 

2. Are there any recycles from EDF’s process back to the plant? What are they and what are the 
characteristics and quantities produced? 
 
Condensate from gas conditioning process. 
 

3. Are there any off-gas releases that need to be permitted? If yes, will EDF apply for and hold 
the air permit for the facility? 
 
Need a thermal oxidizer for the CO2 stream that includes some (10%) methane. 
 

4. Will your system be able to accommodate raw biogas with H2S and Siloxane concentrations 
as high as 3200 ppmv and 5000 ppbv, respectively? Are there any requirements/constraints 
regarding raw biogas quality? 
 
Their initial expectations are to receive pre-conditioned gas with H2S and siloxane removed. 
If they are to receive raw biogas, they can do the conditioning (at a cost, of course). They did 
not believe the siloxane concentration was problematic, but they thought the H2S was very 
high, and would require special treatment. Treatment would be a carbon system followed by 
molecular sieve (AirLiquide). 
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5. What is the potential footprint area required for the proposed facility? 
 
They thought 75 ft by 100 ft, not including gas conditioning. Most common installations are 
indoors in the eastern US. Dos Rios facility in San Antonio, TX, is outdoors, and likely 
PCRWRD facility could be outdoors. 
 

6. Is the biomethane (cleaned biogas) compressed to 600 psig at the processing facility or at 
the point of injection to El Paso Pipeline? At the gas cleaning facility (likely through a 2-stage 
compressor). 
 

Project Economics: 
7. Natural gas commodity prices are relatively low. How does your proposed approach ensure 

an economically attractive return to PCRWRD? 
 
EDF’s proposal is to take advantage of the premium placed on green gas in the California 
market, which mandates a percentage of energy come from green sources. EDF proposes a 
long term agreement (10+ years) to lock in this high value for PCRWRD; they then manage 
the risk of fluctuating gas prices.[Note: “Brown Gas” = Natural Gas; “Green Gas” = Biogas 
cleaned to natural gas quality] 
 

8. What is the value range of biogas that PCRWRD could expect with the approach proposed by 
EDF? That is, what is the dollar per Therm range you believe the PCRWRD biogas could be 
worth using EDF’s approach? 
 
The royalty back to PCRWRD would be in the range of $0.40 - $0.70 per million BTUs. 
 

9. How would the contract be impacted by different contract terms (5 years, 10 years, 15 years, 
and 20 years)? 
 
Less than 10 years would be problematic – not enough to recover capital. 15 – 20 years 
preferred. 
 

10. What is included in the estimate of $6M provided for the complete system installed? Please 
provide cost breakdown of major components. 
 
I don’t think they had a good handle on this. They stated it included the pipeline to the 
El Paso pipeline, and redundancy in the gas cleaning, etc. But they acknowledged that they 
needed to look at more closely to confirm this cost. 
 

11. What would be the range of transport cost of biomethane to the end user? 
 
They did not answer this directly, but did say that the longer term of the agreement the 
higher the cost. Approximately $1.0-$1.5/million BTU. 
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12. What would be the basis for the royalty payment to PCRWRD? 
 
The agreement could be a fixed royalty, or a percentage of proceeds (% of sale price to 
buyer/electric utility). Fixed is more common. 
 

13. Will EDF be responsible for the right-of-way from the plant to the point of connection to 
El Paso Pipeline? 
 
Did not ask. 
 

14. Will you consider a DBO delivery method (as opposed to the DBFOO approach you proposed) 
and how will this impact the royalty arrangement with PCRWRD? 
 
Yes, but they prefer the DBFOO because they can control the schedule for implementation 
and start-up which is one of their risk management techniques. In favor of DBFOO, they also 
mentioned that private financing helps keep the buyer (electric utility) more 
confident/comfortable with the supply of green gas. 
 

15. In your experience, what are the economic and contract variables that could impact an 
agreement with PCRWRD? 
 
Gas production. They were concerned about PCRWRD’s plans to shave away some biogas 
for the Central Heating Plant. They were more concerned about using some biogas for 
vehicle fuel. These other biogas uses introduce variability into the gas flow and makes it 
more difficult to recover capital. Also, introduces “swing” in gas pumped to pipeline which 
increases transmission costs. See below under question 18 comments and comments under 
Other Information. 
 

Site Specific Project Delivery/Integration 
16. Describe all the companies/parties that would typically be involved in the biogas utilization 

approach proposed for PCRWRD. What are EDF’s current relationships with these parties? 
 
EDF has relationships in-place for all parties involved in the transaction, so PCRWRD deals 
only with EDF. 
 

17. Which company would be the legal entity to establish the contract with PCRWRD? Who would 
be the guarantor for the project? 
 
They would form a “special purpose company” specific for this project, which would be jointly 
owned by enXco and EDF Trading North America LLC. This project would likely be financed 
off the balance sheet. EDF North America (parent of both EDF North American Trading and 
enXco) would be the project guarantor. 
 

18. If PCRWRD wants to use a portion of the cleaned biogas for vehicle use, and/or for use in a 
central plant for providing thermal energy for the Ina Rd WRF, how would that impact the 
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proposed approach and royalty payments proposed by EDF? Would EDF finance and 
construct the vehicle CNG facility? 
 
EDF would not do vehicle fueling. Taking some gas for vehicle fueling would degrade 
economics for EDF. Also, it would likely cost more to clean the gas than it would to buy the 
NG from the utility and convert to CNG. 
 

Other Information 

• The projected gas flow from Ina Rd WRF is relatively small for EDF. It appears to be 
economically viable at this size due to the proximity to CA and the El Paso NG pipeline. But 
this small size makes shaving away biogas for other uses problematic. Typically, 1,000 cfm 
of raw biogas (based on landfill gas at 500-550 BTU/cu ft) is the reference number for an 
economically feasible project; below this number the system does not look attractive. 

• Most failures in biogas utilization projects result from 1) overbuild facility and can’t recover 
the capital through the gas sale; and 2) don’t properly manage customers and regulatory 
structure. 

• Approximately 88% of methane in raw gas is delivered to pipeline. 

• Staffing required – likely 1 FTE (based on experience at the Dos Rios facility in San Antonio, 
TX). 

• Schedule – from NTP to producing gas 12 – 14 months. 

• Currently California does not allow biogas from local landfills to be used for injection to NG 
pipelines in California. This is one of the reasons for the current eligibility of out-of-state 
biogas sources to meet the needs of utilities in California and for these utilities to be willing 
to pay premium price for the gas. We asked EDF about the impact on the out-of-state biogas 
eligibility if the local landfill biogas were to be accepted for pipeline injection in California. 
EDF commented that the impact would be none or minimal because the California utilities 
need large volumes of biogas to meet the Renewable Energy Standards and, therefore, they 
would need out-of-state biogas in addition to local landfill biogas. 

• EDF commented that, although California currently accepts gas from anywhere in the U.S., 
Regulations may change in the future to allow biogas coming only from a specific region. 
However, it is highly likely that this region will include Arizona, enabling biogas from Arizona 
to be sold in California. 

• Odorant may, or may not, be required for the biogas being inserted into the pipeline. 
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140380-1.1 (Phase 100, Task 003) 
 
 
Summary of Discussions, held via teleconference, 10/4/11, 8:00 – 9:45am 

Attendees: 
Rob Simm, Stantec 
Matt Kuzma, Ostara 
Gary Newman, BC 
Jerry Bish, G&H 
Fernando Sarmiento, G&H 
Mike Gritzuk, Consultant 
 

Ostara Nutrient Recovery Technologies (teamed with Stantec) 
 
Technical Approach 

1. How can your proposed process help PCRWRD achieve its goal of a reliable long term 
biosolids management program? 
 
1) minimize struvite in digesters and dewatering, making these operationally easier to 
maintain; 2) avoid FeCl3 and/or alum addition to control struvite, thereby reducing biosolids 
quantities (by approximately 12%), and cost of biosolids treatment; 3) avoid exceeding 
allowable P application rate in land application. 
 

2. Does Ostara’s approach improve biogas production? If so, how? Explain the process 
modifications that can achieve improved biogas production. 
 
Increase VFA retention in biosolids sent to digesters thereby increasing volatile solids 
available for conversion to biogas. 
 

3. What is the phosphorus removal efficiency of the system? 
 
Difficult to predict without reviewing plant data. Higher the concentration of P in centrate 
then the higher the removal efficiency. Mr. Kuzma indicated that 25-50% removal of total P 
load to the plant is ballpark and achieved through approximately75-95% P removal from the 
centrate recycle. In terms of nitrogen, approximately 10-30% ammonia removal from the 
centrate recycle is typically achieved. 
 

4. You indicate that one of the benefits of the Pearl® process is reduction in struvite 
accumulation. What level of reduction is anticipated? 
 
Can’t provide percentages without knowing starting point. 
 
It was stated that in conventional plant 1 – 1.5% of biomass is P; in a Bio P removal plant 4 
– 6% of biomas is P. Further, even in a plant not doing Bio P, there is sufficient P release to 
make P recovery via Pearl process effective. 
 
It was also noted that some alkalinity is recovered in the sidestream through the Pearl 
process. 



Ostara 2 of 3 

 
5. What additional means would be required to achieve complete elimination of struvite 

formation? 
 
Methodology: pH suppression such as CO2 injection. 
 

6. How large an area will be required for the proposed process? 
 
For another 84 mgd plant, a 5,000 sq ft building was included. For another 40 mgd plant, a 
70 ft x 50 ft building was included (centrate flow treated ranged between 300,000 to 
400,000 gpd). 
 

7. Would the proposed system need to be installed indoors or outdoors? Is there any 
preference one way or the other? 
 
Typically indoors, but in Tucson, certain elements (top of reactor) could be outdoors. Product 
bagging (one-ton bulk material bags) and storage must be indoors. Reactor tanks are about 
35 ft high. 
 

Project Economics 
8. Describe the economic model proposed by Ostara to make your approach economically 

viable for both Ostara and PCRWRD. 
 
Will do DB or DBFO. Also open to DBO. Note – operate is not in their business model, but 
they could do this if necessary. If PCRWRD operates the facility, Ostara “buys” the “Crystal 
Green” product from owner (i.e. PCRWRD); Ostara markets the product within its network of 
fertilizer distributors. Revenue sharing agreement between Ostara and PCRWRD. Revenue 
shared with PCRWRD would be less if Ostara operates the facility. Cost of operating process 
(by PCRWRD) is more than off-set by revenue from product. Operating cost includes labor, 
power, and consumables (CO2 for example). Fully operational system from Notice To 
Proceed: 7-8 months. 
 

9. Your approach is focused on the recovery of nutrients, phosphorus especially, from the 
biosolids dewatering recycle stream (centrate). What is the basis for Ostara’s confidence that 
there is a market for these recovered nutrients so as to make this approach economically 
viable? 
 
Ostara has its roots in the fertilizer business and has a network of fertilizer vendors and 
distributors. Product (Crystal Green) is not currently marketed in Arizona due to insufficient 
local supply to serve this market. Closest markets for the product include California and 
Texas. 
 

10. Are recovered nutrients proposed to be mixed with biosolids to improve marketability of the 
biosolids? If so, describe this process. Would this be within Ostara’s “scope”. 
 
No, recovered nutrients are marketed independent of biosolids. 
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11. What is the basis for the $1 million savings at Ina Road WRF? Does it include the cost of 
marketing the product? Does it include the cost of seeding the up-flow reactor? Does it 
include the revenue from selling the product? Please elaborate. 
 
Mostly in reducing FeCl3 fro struvite control costs; also some reduction in methanol costs 
and alkalinity adjustments in wastewater treatment. 

 
Site Specific Project Delivery/Integration 

12. Who would be responsible for marketing the disposal of the final product (recovered 
nutrients)? 
 
Ostara would market the product. 

 
Other Information 

• They consider the Tucson area to be a robust market for their product due to golf courses. 

• They are willing to do DB, or Turn-key (i.e. not paid until system is commissioned and meets 
spec). 

• Stantec-Ostara relationship – Stantec helped finance the R&D that led to the process; 
principals at Stantec (e.g. Simm) have relationships with inventors of the process. Stantec 
provides engineering and process support to Ostara. 

• There are currently 4 systems in operation and 6 in stages of design and construction. 3 or 4 
of these include WASSTRIP process. 

• WASSTRIP is a process that removes 50% of P and 75% of Mg from raw WAS prior to 
digestion. WASSTRIP is basically an anaerobic holding tank that causes P release from solids 
to liquid; the sludge in the tank is mixed but not heated. 

• Regarding odor, Ostara indicated that the reactors are typically covered and connected to an 
odor control system. 
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140380-1.1 (Phase 100, Task 003) 
 
 
Summary of Discussions, with Perc Water (Perc) 10/14/11, 8:00am – 9:30am 

Attendees: 
Juergan Nick, Perc 
Erin Hubbard, Perc (on conf call) 
Steve Owen, Perc (on conf call) 
Glenn Perry, Alder Construction (on conf call) 
Gary Newman, BC 
Jerry Bish, G&H 
Fernando Sarmiento, G&H 
Mike Gritzuk, Consultant (on conf call) 

 
Perc Water Corp 
 
It became clear soon into this discussion that Perc is offering an approach to take over all 
aspects of PCRWRD’s biosolids and biogas management. Though they have developed 
some opinions, they acknowledged that they have not decided on the most effective system 
of biosolids management, or the most effective means of biogas management. They 
acknowledged that this would require significant investigation, and they had not invested 
this effort into the RFEI response. 
 
The Perc representatives led the discussion and started by explaining how and why a 
DBFOO approach would benefit PCRWRD. See response to question 25 below. 
 
Due to the non-specific approach suggested by Perc, many of the questions below were not 
applicable. Nonetheless, those that could be addressed are indicated below. 
 
Technical Approach 

1. Your response suggests more than one approach to biogas utilization may be viable. Which is 
Perc proposing? How does Perc propose to close on the approach to implement for 
PCRWRD? How is the decision made? Is the decision made prior to executing an agreement 
with PCRWRD? 
 
In their opinion, implementing CHP and selling the generated power into the CA market is 
the most economically viable. However, they have not performed a detailed analysis to 
confirm this. They would advance this approach  in response to an RFP. 
 

2. Your RFEI response indicates that, in addition to cogeneration, part of the biogas would be 
processed to be used as CNG fuel for County vehicles. What is the basis for your biogas 
utilization estimates and economic analysis based on the volume of biogas available at the 
Ina Road WRF? Please elaborate. 
 
Not discussed. 
 



Perc 2 of 5 

3. Your approach proposes using waste heat from cogeneration for biosolids drying. Would Perc 
be responsible for marketing the dried biosolids product. That is, does PCRWRD’s 
responsibility end (and Perc’s begins) at the transfer of dewatered biosolids cake to Perc? 
 
Yes, Perc would market the dried biosolids product. 
 

4. Can you elaborate on the basis for sizing the belt dryers? (RFEI response indicates that four 
dryers at 150 ft x 60 ft each would be required.) 
 
Not discussed. 
 

5. The belt dryer basically dries the sludge cake as it moves through the dryer on a belt. How is 
a “pellet” product generated by this process? Is there a separate system (in addition to the 
belt dryer) that would be needed to process the dried solids into “pellets”? 
 
Not discussed. 
 

6. Will the heat recovered from cogeneration be used to meet the thermal energy demand of 
the plant first before using the excess recovered heat for sludge drying? 
 
Not discussed. 
 

7. Is the recovered heat from cogeneration is sufficient to dry all the solids produced from the 
Ina Rd WRF? If not, are you proposing other means to dry the sludge generated from the 
plant? 
 
May be short on thermal capacity for all biosolids by the build-out year. But, they have not 
considered in detail. 
 

8. How would standby charges from the electric utility be avoided if you cannot provide 
continuous power (24/7/365)? 
 
Not discussed. 
 

9. Confirm that Perc will receive raw biogas. Are there any specific requirements for the raw 
biogas delivered by the plan? Will your system be able to accommodate raw biogas H2S and 
Siloxane concentrations of approximately 3200 ppmv and 5000 ppbv, respectively? 
 
Not discussed. 
 

10. How large an area will be required for the proposed cogeneration facility? 
 
Not discussed. 
 

Project Experience 
11. Where has Perc implemented a similar approach to biogas and biosolids management? Can 

PCRWRD receive contact information? 
 
Alder Construction is pursuing similar projects, but has not implemented any. Perc has not 
implemented anything similar. But, they have lot’s of experience in DBFOO. 
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Project Economics 
12. Your response discusses “selling generated power on the open market”. Explain specifically 

what you mean by this. Are there specific “buyers” that Perc has identified? Are these buyers 
currently engaged with Perc in similar arrangements? 
 
No specifics provided. However, they are aware of “green power” requirements in CA, and 
are aware of power producing agencies that have high goals for green power production in 
CA and the east coast. The economics work because of Renewable Energy Credits (RECs) 
and green house gas credits. 
 

13. Does Perc know of interested “buyers” of dried biosolids product who would be willing to 
commit to purchasing dried product? 
 
No specifics provided. 
 

14. Describe the commercial arrangement between Perc and PCRWRD for biogas and biosolids 
management that would benefit both Perc and PCRWRD. 
 
For DBFOO (Perc’s preference), Perc will obtain financing from an equity financing 
organization. They will establish a  “Special Purpose Entity” for the project (See diagram 
below). Perc will be a sub to the Special Purpose Entity, and then Perc will subcontract for 
construction (Alder), biogas utilization, biosolids drying, operations, etc. Or, they may elect to 
do more themselves. The Special Purpose Entity will be the signatory and guarantor. 
 

 
 

15. Which power plant and/or cement kiln would be willing to purchase the dried pellets? Have 
you confirmed their interest in dried biosolids? 
 
Not discussed. 

Construction
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16. Who would be responsible for marketing and selling the dried pellets to the power plant 

and/or cement kiln – Perc? PCRWRD? 
 
Perc or their subcontractor. 
 

17. Will you be able to dry and dispose of the sludge at or less than the cost of current land 
application (which is approximately $90/dry ton)? 
 
Not discussed – they have not considered in detail. 
 

18. What is the basis for the $50 million savings indicated in your RFEI response for dryer belts 
versus solar drying? 
 
Mostly savings in capital cost of the solar driers. Perc indicated that this estimate was based 
assuming drying of 100% of the solids at Ina Road WRF. 
 

19. For the cogeneration facility, are you considering a PPA to sell electricity to the Ina Road WRF 
or a PPA to sell electricity directly to an electric utility? Describe the commercial arrangement 
under the scenario proposed by Perc. 
 
Electric utility, or more specifically, wheel the power to CA or the east coast where the 
purchase price for the power is higher. 
 

20. Describe the commercial arrangement between Perc and PCRWRD for biogas and biosolids 
management that would benefit both Perc and PCRWRD. 
 
They believe DBFOO offers substantial benefits for PCRWRD – see question 25. 
 

21. In the case of selling generated electricity to the Ina Rd WRF, will you be able to produce 
electricity at or less than the cost of electrical energy provided by the electric utility (which is 
currently $0.059/kWh)? 
 
They have not done a detailed analysis, but they do not believe a cogen project would be 
profitable at $0.059/kw-hr. 

 
22. What is the basis for the revenues of $10 million over a period of 10 years estimated from 

carbon credits? 
 
Not discussed. 

 
Regulatory Approach 

23. Are there any off-gas releases that need to be permitted? 
 
Not discussed. 
 

24. Will Perc apply for and hold the air permit for the facility? 
 
Not discussed. 
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Site Specific Project Delivery/Integration 
25. You have indicated DBFO as your proposed delivery method. Why would this be an advantage 

to PCRWRD versus DBO? 
 
They very strongly prefer DBFOO (though they would consider DBO); the following are 
considerations concerning DBFOO: 

1. Perc would carry all the risk. 

2. PCRWRD does not have to provide capital funding. 

3. Perc must own the asset at the end of the term; it goes back to PCRWRD for transfer 
fee or at no cost. 

4. Preferred contract terms are 20 – 30 years. They would consider as short as 10, but 
the longer the better. They indicated that their investors are looking for stable, long 
term returns. 

5. The contract may include a buy-out clause before end of term. 

6. Contract is written around a long-term agreement for PCRWRD to provide feedstock 
– biogas and biosolids. In exchange, they handle all biosolids (PCRWRD would then 
have no responsibility for biosolids management), and/or provide revenue or savings 
for biogas utilization. They could not explain the contractual money exchange set-up 
– whether Perc pays PCRWRD, or PCRWRD pays Perc, or something else. Will be 
worked out in detail if they propose to an RFP. 

 
Other Information 

• They are open to PCRWRD review of their designs. Juergan indicated that their investors 
provide the most rigorous scrutiny of their designs to confirm that they will work. 

• From NTP, they believe they could have a system up and running in about 1.5 to 2 years. 

• They do not believe gas cleaning and selling would be economically viable. 

• Regarding DBFO experience in Arizona, they mentioned a Sundance project in Buckeye; this 
project did not go through as DBFOO; finance source changed during the procurement 
process. They also mentioned Red Rock as a 5-year DBO project where Perc operated the 
facility for about 3.5 years; the current economic crisis changed the project initial conditions 
and Perc is not operating the facility anymore; the facility is currently operated by a different 
company. 
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140380-1.1 (Phase 100, Task 003) 
 
 
Summary of Discussions, with Synagro 10/6/11, Noon – 2:30pm 

Attendees: 
Layne  Baroldi, Synagro 
Lori Loder, Synagro 
Pamela Racey, Synagro (via teleconference) 
Mike Moore, HDR 
Tony Snead, HDR 
Dave Reardon, HDR (via teleconference) 
Tim Thomure, HDR 
Gary Newman, BC 
Jerry Bish, G&H 
Fernando Sarmiento, G&H 
Mike Gritzuk, Consultant 

 
Synagro, Inc (with HDR) 
 
It became clear soon into this discussion that Synagro is offering an approach to take over 
all aspects of PCRWRD’s biosolids management.  This would include biogas management. 
They acknowledged that they have not decided on the most effective system of biosolids 
management, nor the most effective means of biogas management. They acknowledged 
that this would require significant investigation, and they had not invested this effort into 
the RFEI response. They suggested that if PCRWRD would be interested they could even go 
into an agreement to operate the existing solids handling facilities (such as anaerobic 
digestion and downstream processes). 
 
Much of the discussion was about Synagro’s experience in various types of biosolids 
management – composting, drying and pelletizing. They believe that diversifying into these 
different products would add reliability to PCRWRD’s biosolids management program. They 
emphasized their experience with other communities (i.e. composting in Kern County, CA) 
where they have successfully overcome public skepticism, and now have public trust (they 
have invested heavily in the community there). 
 
They believe there is a market for compost product in the agricultural market in southern 
AZ. They believe the golf courses in AZ offer a market for dried product. They also thought 
that cement kilns would be a potential market for dried pellets. 
 
They currently operate Arizona Soils, a composting facility in La Paz County, AZ. 
 
When asked how they would respond to an emergency shut-down of current Class B slurry 
land application program, they thought that composting at a local landfill may be viable. 
Also, hauling to AZ Soils, or to other Synagro owned or permitted property in AZ would be 
viable. 
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Relationship with HDR: HDR would assist Synagro in project development by providing 
engineering, design-build, operations services. I sensed that Synagro was most interested in 
HDR’s biogas utilization experience. 
 
Due to the non-specific approach suggested by Synagro, many of the questions below were 
not applicable. Nonetheless, those that could be addressed are indicated below. 
 
Technical Approach 

1. PCRWRD’s current arrangement with a local contractor provides for a very cost-effective 
biosolids management program. What can Synagro offer to enhance the reliability and/or 
cost-effectiveness of the PCRWRD biosolids management program? 
 
They offered ways to improve reliability but not cost-effectiveness – see above. 
 

2. Where would a proposed windrow composting facility be located? Would Synagro be 
responsible for all public outreach to ensure public acceptance of a biosolids composting 
facility? How would PCRWRD’s image as an environmental steward be protected by 
Synagro’s operation of a composting facility? 
 
No specific location identified. Synagro responsible for selecting site, doing permitting and 
public outreach to get community support. Synagro did this in Kern Co on behalf of OCSD 
and LA for a composting facility for these agencies’ biosolids. They commented that 
composting could be implemented at a landfill location where odors are of less concern. 
 

3. Synagro’s approach relies on biosolids drying and pelletization, and/or composting. How can 
Synagro assure PCRWRD that a viable market exists for these alternate biosolids products? 
 
They have not done specific market research but are confident that market is robust. They 
noted that Synagro has a nationwide biosolids marketing program, so PCRWRD biosolids 
could be marketed via this larger network. 
 

4. What would be the triggers and timeline that you anticipate to start diversifying biosolids 
management through the development of a Class A product? 
 
Anything that would make current land application site unavailable. They noted experience 
in Riverside Co, CA where they were banned from land application sites due to the influence 
of one county commissioner. 
 

5. How and by whom will the Class A end product be marketed and sold? 
 
See above. 
 

6. Please discuss source and availability of bulking material for the composting operation. 
 
Could be green waste but I don’t think they have considered this. Added that agricultural 
waste or dried solids may be considered as bulking material. 
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7. What is your plan to control odors at a composting operation? 
 
Odors controlled through operational controls of composting process – O2 control, nutrient 
balance, etc. 
 
For questions 8 – 12 below, their responses can be summarized as “we’ll determine the best 
option for biogas utilization when we propose on this project.” They acknowledged that at 
$0.059 per kw-hr purchased power, cogen will likely not be cost-effective. Advocated 
evaluating biogas cleaning, and sale to entities in CA where the value of the gas is higher 
due to mandates for green energy. 
 
They acknowledged that some gas could be used for biosolids drying but also wondered if 
this was the best and highest use of biogas. They thought solar drying (open air) would be 
more effective at biosolids drying, leaving all gas available for beneficial use. They admitted 
that Synagro does not have direct experience with greenhouse solar drying. 
 
Other than biosolids drying (for some, not all of the biosolids), they did  not have many ideas 
for how to utilize excess heat from a cogen process. 
 

8. In the foreseeable future there would be need for only 20-30% of the thermal energy 
generated at the cogeneration facility. How will this impact your proposed concept? 
 

9. What type of heat rejection system would be provided for excess heat above the heat used to 
meet the plant thermal energy demand? 
 

10. Confirm that Synagro will receive raw biogas. Are there any specific requirements for the raw 
biogas delivered by the plant? 
 

11. Will your system be able to accommodate raw biogas H2S and Sloane concentrations of 
approximately 3200 ppmv and 5000 ppbv, respectively? 
 

12. How large an area will be required for the proposed cogeneration facility? 
 
Project Experience 

13. Where has Synagro implemented a biogas-to-energy project (CHP) previously? Is Synagro the 
operator? Can PCRWRD receive contact info? 
 
Synagro would likely rely on a third party for the biogas-to-energy process. 

 
Project Economics 

14. Will Synagro provide the 20-acre site described for biosolids composting? 
 
Yes. Or PCRWRD could provide. Or could be at a landfill. 
 



Synagro 4 of 5 

15. For the cogeneration facility, are you considering a PPA to sell electricity to the Ina Rd WRF or 
a PPA to sell electricity directly to an electric utility? 
 
Have not considered this yet. 
 

16. In the case of selling generated electricity to the Ina Rd WRF, will you be able to produce 
electricity at or less than the cost of electrical energy provided by the electric utility (which is 
currently $0.059/kWh)? 
 
Probably not. 
 

17. In the case of selling generated electricity directly to an electric utility, what would be the 
arrangement with the County? 
 
They do not believe sale of power to the utility will be cost-effective because the value of the 
power is lower; i.e. avoided cost vs retail cost. 
 

18. How would standby charges from the electric utility be avoided if you cannot provide 
continuous power (24/7/365)? 
 
Have not considered this yet. 

 
Regulatory Approach 

19. Besides engine exhaust, are there any off-gas releases that need to be permitted? 
 
Have not considered this yet. 
 

20. Will Synagro apply for and hold the air permit for the facility? 
 
Yes. Synagro would be responsible for all permitting – air, water, land use, etc – associated 
with whatever facilities they install. 

 
Site Specific Project Delivery/Integration 

21. Describe the commercial arrangement between Synagro and PCRWRD for biogas and 
biosolids management that would benefit both Synagro and PCRWRD. 
 
They prefer a DBFOO. Provides more control over operations and capital; better opportunity 
to improve margin. They added that their experience and reputation give them a competitive 
advantage in DBFOO projects. 
 

22. How would standby charges from the electric utility be avoided if you cannot provide 
continuous power (24/7/365)? 
 
Have not considered yet. 
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23. Are there any recycles from Synagro’s process back to the plant? What are they and what are 
the characteristics and quantities produced? 
 
No data as systems have not been conceptualized. 
 

24. DBFOO is indicated as your proposed delivery method. Why would this be an advantage to 
the County versus DBO? Please elaborate. 
 
See response to question 21 above. 
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Major Reference Documents: 
 
The following documents were used throughout the master planning project as references for 
information related to the existing systems, previous analyses and decisions, and history of the Pima 
County Regional Water Reclamation Department facilities.  
 
• Regional Optimization Master Plan Final Report, Greeley and Hansen, November 2007 
 
• Pima County RWRD Energy Master Plan, CH2MHill, March 2010 
 
• Ina Road WRF Capacity and Effluent Quality Upgrade Final Design Report, CH2MHill, January 

2011 
 
• Final Technical Proposal for Pima County Regional Water Reclamation Department Water 

Reclamation Facility DBO Project, CH2MHill, September 16, 2010.  
 
• Contract Documents, Pima County Regional Wastewater Reclamation Department, Ina Road 

WRF Capacity and Effluent Quality Upgrade, CH2MHill, August 2010. cal Proposal for 

Pima County Regional Wastewater Reclamation 
Department 
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APPENDIX D TABLE 3-1 BIOSOLIDS PRODUCT MARKETABILITY ASSESSMENT
11-May-11

Biosolids Current and/or Potential Market Comments
Products Categories Markets Assessment

    Slurry (6-8% TS) Current  - land application sites in Marana; other 
sites limited by haul cost

Good market but vulnerable to changes beyond 
PCRWRD's control 

Most cost-effective option for current land 
application program

    Dewatered Cake (20-25% TS) Potential - Pima Co owned ranches and private 
farm land outside Pima Co; landfill cover; mine 
reclamation

Good potential for new land application sites 
and/or for reclamation/restoration

Investment in dewatered cake production 
currently in ROMP; facilities due to be on-line by 
2013

    Solar dried product  (70-80% TS) Potential - mine reclamation, landfill cover, 
agriculture 

In order to more fully develop markets, 
demonstration projects using high quality 
material may be required. 

Not applicable for large biosolids production from 
Ina Road WRF; better suited for GVWRF and other 
Sub regional facilities. 

    Slurry (6-8%) Class A quality currently not needed, but may 
preserve viability of program if product quality 
becomes an issue in the future. 

No immediate value to Class A slurry. If current slurry land application program is 
challenged, will conversion Class A alleviate 
concerns? 

    Dewatered cake (25-30%TS) For potential land application sites, Class A 
quality not needed, but may preserve viability of 
program if product quality becomes an issue in 
the future. Class A quality cake can be a feedstock 
to other products like compost and manufactured 
topsoil. 

Similar to Class B cake with broader potential for 
a variety of urban uses if blended with other 
materials.

Class A cake by itself does not have market 
appeal; best if made into marketable products 
like blended topsoil.

    Thermally Dried Product (pellets) Use as cement kiln fuel not feasible (no interest); 
Use as power plant fuel not feasible (transitioning 
away from solid fuels); most similar to 
commercial fertilizer.

Based on current assessment, local market 
appears limited. 

Market must be developed locally by importing 
product for demonstrations or implementing on a 
partial scale.

    Dried Product (non-graded)* Similar uses as graded pellet product but best as 
soil amendment or feedstock for blending with 
other materials.

Local market requires development but looks 
promising for urban soil restoration or as topsoil 
feedstock.

Cost of production will be lowest if waste heat or 
solar energy can be utilized (e.g. belt dryer/solar 
greenhouse technology).

Class B

Class A



APPENDIX D TABLE 3-1 BIOSOLIDS PRODUCT MARKETABILITY ASSESSMENT
11-May-11

Biosolids Current and/or Potential Market Comments
Products Categories Markets Assessment

    Compost Pima Co Parks and Recreation and other 
departments have expressed interest in using 
biosolids compost. 

Potential steady market for a portion of biosolids 
production. 

Feed stock is Class A cake or dried product; Class 
B cake requires substantial monitoring, 
permitting, and process control. Strong potential 
for 3rd party operation.

    Manufactured top soil Pima Co Parks and Recreation and other 
departments have expressed interest in using 
biosolids topsoil. 

Potential steady market for portion of biosolids 
production 

Feed stock is Class A cake or dried product.  
Strong potential for 3rd party operation. 

* includes enhanced air drying product





APPENDIX D TABLE 3-2 BIOSOLIDS PROCESSING TECHNOLOGIES
11-May-11

Biosolids Product Biosolids Processing Primary Objective(s) Secondary Objective(s) Comments Relative to
Categories Technologies Dewatering/drying Ina Road WRF

Stabilization

Class B
    Slurry (6-8% TS) Conventional mesophilic anaerobic digestion Thickening (centrifuge) Solids stabilization (VSR); achieve Class B Gas production from digestion Digesters and thickening centrifuges in-place at 

Ina Road WRF; current program
Acid-methane mesophilic anaerobic digestion Thickening (centrifuge) Higher solids stabilization; higher solids reduction 

(VSR); achieve Class B 
More gas production from digestion Must re-configure existing tankage to operate in 

an acid-methane mode. 
Staged mesophilic anaerobic digestion Thickening (centrifuge) Higher solids stabilization; higher solids reduction 

(VSR); achieve Class B 
More gas production from digestion Must re-configure existing tankage to operate in 

a staged mode. 
Thermophilic anaerobic digestion Thickening (centrifuge) Higher solids stabilization; higher solids reduction 

(VSR); achieve Class B 
More gas production from digestion Must add additional heating capacity (more 

HEX's; use more energy/biogas) to achieve 
thermophilic temperatures. 

Temperature phased anaerobic digestion (TPAD) Thickening (centrifuge) Higher solids stabilization; higher solids reduction 
(VSR); achieve Class B 

More gas production from digestion Must re-configure existing tankage to operate in 
a TPAD mode. Must add additional heating 
capacity (more HEX's; use more energy/biogas) to 
achieve thermophilic temperatures. 

    Dewatered Cake (20-25% TS) Conventional mesophilic anaerobic digestion Dewatering (centrifuge) Solids stabilization (VSR); achieve Class B, serve 
more distant use sites

Gas production from digestion Digesters in-place at Ina Road WRF; dewatering 
centrifuges and cake load-out to trucks part of 
current project; due to be operational in 2013. 

Same options as for slurry, above Dewatering (centrifuge) Higher solids stabilization; higher solids reduction 
(VSR); achieve Class B, serve more distant use 
sites

More gas production from digestion Same comments as above. 

    Solar Dried Product  (70-80% TS) Conventional mesophilic anaerobic digestion Dewatering (centrifuge), followed by enhanced 
solar greenhouse 

Solids stabilization (VSR); achieve Class B; 
moisture reduction to reduce haul costs; improve 
product characteristics. 

Gas production from digestion Digesters in-place at Ina Road WRF; dewatering 
centrifuges and cake load-out to trucks part of 
current project; due to be operational in 2013. 
Requires area suitable for greenhouse dryer. 

Same options as for slurry, above Dewatering (centrifuge), followed by enhanced 
solar greenhouse 

Solids stabilization (VSR); achieve Class B; 
moisture reduction to reduce haul costs; improve 
product characteristics. 

More gas production from digestion Same comments as above. 

Class A
    Slurry (6-8%) Thermophilic anaerobic digestion with holding (to 

achieve time/temperature) 
Thickening (centrifuge) Solids stabilization (VSR); achieve Class A More gas production from digestion Must add additional heating capacity (more 

HEX's; use more energy/biogas) to achieve 
thermophilic temperatures. Must re-configure 
tankage to achieve holding for Class A time/temp. 

Prepasteurization followed by mesophilic 
anaerobic digestion

Thickening (centrifuge) Solids stabilization (VSR); achieve Class A Gas production from digestion Must add new prepasteurization process, 
including HEXs and for heating to 
prepasteurization temps and cool down HEXs for 
mesophilic digestion. More energy (gas) 
consumption. 

Thermal Hydrolysis (Cambi) followed by 
mesophilic anaerobic digestion

Thickening (centrifuge) higher solids stabilization (VSR); achieve Class A. More gas production from digestion Must add new thermal hydrolysis process (THP), 
including pre-dewatering upstream of digesters. 
Must add steam production. Provide THP cool 
down prior to digestion. 

    Dewatered cake (25-30%TS) Thermophilic anaerobic digestion with holding (to 
achieve time/temperature) 

Dewatering (centrifuge) Solids stabilization (VSR); achieve Class A More gas production from digestion Must add additional heating capacity (more 
HEX's; use more energy/biogas) to achieve 
thermophilic temperatures. Must re-configure 
tankage to achieve holding for Class A time/temp. 

Prepasteurization followed by mesophilic 
anaerobic digestion

Dewatering (centrifuge) Solids stabilization (VSR); achieve Class A Gas production from digestion Must add new prepasteurization process, 
including HEXs and for heating to 
prepasteurization temps and cool down HEXs for 
thermophilic (or mesophilic) digestion. More 
energy (gas) consumption. 

Thermal Hydrolysis (Cambi) followed by 
mesophilic anaerobic digestion

Dewatering (centrifuge) higher solids stabilization (VSR); achieve Class A. More gas production from digestion Must add new thermal hydrolysis process (THP), 
including pre-dewatering upstream of digesters. 
Must add steam production. Provide THP cool 
down prior to digestion. 



APPENDIX D TABLE 3-2 BIOSOLIDS PROCESSING TECHNOLOGIES
11-May-11

Biosolids Product Biosolids Processing Primary Objective(s) Secondary Objective(s) Comments Relative to
Categories Technologies Dewatering/drying Ina Road WRF

Stabilization

    Thermally Dried Product - graded (pellets  Conventional mesophilic anaerobic digestion Dewatering (centrifuge); followed by thermal 
dryer.  Several types of dyers are possible.

Solids stabilization; Class A achieved through high 
temperature and dessication.  High-quality 
product for marketing.  Serve more and distant 
users.

Gas production from digestion Digesters in-place at Ina Road WRF; dewatering 
centrifuges and cake load-out to trucks part of 
current project; due to be operational in 2013. 
Thermal drying system must be added to process 
flow scheme. 

    Dried Product (non-graded) - 
    Thermally dried

Conventional mesophilic anaerobic digestion Dewatering (centrifuge); followed by thermal 
dryer.  Dryer options are available.

Solids stabilization; Class A achieved through high 
temperature and dessication.  Serve more and 
distant users.

Gas production from digestion Digesters in-place at Ina Road WRF; dewatering 
centrifuges and cake load-out to trucks part of 
current project; due to be operational in 2013. 
Thermal drying system must be added to process 
flow scheme. 

     Dried Product (non-graded) - solar dried Class A digestion options (see above) Dewatering (centrifuge), followed by enhanced 
solar greenhouse 

Solids stabilization (VSR); achieve Class A; 
improve product characteristics. Serve more and 
distant users.

More gas production from digestion Requires significant sludge heating (and cooling) 
facilities for Class A processing (see above); 
dewatering centrifuges and cake load-out to 
trucks part of current project; due to be 
operational in 2013. Requires area and odor 
control for greenhouse dryer. 

   Dried Product (non-graded)
   solar dried
   (using sub-Class A feedstock)

Advanced digestion such as acid-methane (but 
not Class A digestion)

Dewatering (centrifuge), followed by enhanced 
solar greenhouse

Solids stabilization (VSR); achieve Class A; 
improve product characteristics; serve more and 
distant users. 

More gas production from digestion Minimize digester heating impacts via all-
mesophilic digestion; centrifuges and cake 
loadout (current project); requires area and odor 
control for greenhouse dryer.  Product testing to 
certify Class A biosolids. 

    Compost (using Class A feedstock) Class A digestion options (see above) Dewatering (centrifuge), composting operation. Solids stabilization (VSR); achieve Class A; 
composting to make final product more 
marketable as a soil amendment product.

More gas production from digestion Requires significant sludge heating (and cooling) 
facilities for Class A processing (see above); 
dewatering centrifuges and cake load-out to 
trucks part of current project; due to be 
operational in 2013. Composting operation 
located remote from Ina Road WRF due to odor 
concerns. 

    Manufactured top soil (using Class A feedClass A digestion options (see above) Dewatering (centrifuge), process for mixing 
sand/soil or other materials with biosolids

Solids stabilization(VSR); achieve Class A; mix with 
materials to make more marketable as a soil 
amendment product. 

More gas production from digestion Requires significant sludge heating (and cooling) 
facilities for Class A processing (see above); 
dewatering centrifuges and cake load-out to 
trucks part of current project; due to be 
operational in 2013. Topsoil  manufacturing 
operation may be located remote from Ina Road 
WRF due to odor concerns. 





Category Technology Screening Evaluation & Assessment Further Evaluation 
Warranted? 

Digestion 
Stabilization 

Anaerobic digestion 
– mesophilic 

Most common sludge stabilization technology in North 
America.  Single-stage & multi-stage 

Yes 

Pasteurization/ 
mesophilic 
anaerobic digestion 

Used in Europe historically. Now used at a few plants 
in North America. Class A product. 

Yes 

Anaerobic digestion 
— thermophilic 

Increasing use in North America, including at some 
large plants in California.  Class B, unless properly 
configured. 

Yes 

Temperature 
phased anaerobic 
digestion (TPAD) 

Increasing experience in North America — benefit of 
additional volatile solids reduction. Can be CIass A 
process with proper configuration.  

Yes 

Acid/gas phased 
digestion (including 
3-phase digestion) 

Increasing experience in North America, Can be Class 
A with proper configuration. 

Yes 

Class A 
thermophilic 
digestion  
(using batch or 
multiple stages) 

Includes several advanced digestion process options 
to produce pathogen-free biosolids within the 
digestion process. Working at large plants in North 
America. 

Yes 

Solids Technology Screening            APPENDIX D Table 3-3 

1 



Solids Technology Screening 
Category Technology Screening Evaluation & Assessment Further Evaluation 

Warranted? 

Digestion 
Stabilization 
Cont’d 

Thermal hydrolysis/ 
anaerobic digestion 

Experience in Europe is increasing.  
Pilot tested at San Francisco and DC Water.   
Class A process and high-solids cake. 

Yes, or future 

Aerobic digestion Common for small plants and plants with only  
waste-activated sludge. High energy costs and only 
Class B stabilization pathogen reduction. 

No 

Auto-thermal 
Thermophilic Aerobic 
Digestion (ATAD) 

Used at small plants and has had significant odor 
problems/concerns. Class A process.  
Vertad process is similar to ATAD. 

No 

Dual digestion Consider with high purity oxygen plants. Can be Class 
A. City of Tacoma has had success. Odor concerns. 

No 

Anaerobic/aerobic 
digestion 

Very limited experience —  
new research conducted at Virginia Tech. 

No 

2 



Category Technology Screening Evaluation & Assessment Further 
Evaluation 
Warranted? 

Non-Digestion 
Stabilization 

Alkaline 
stabilization 
(PSRP) 

Rarely used at larger plants. Odor concerns. 
Creates larger mass of biosolids for transport and 
disposition, due to addition of alkaline 
amendments. 

No 

Alkaline 
treatment (Class 
A) 

Involves high pH, high temperature, and drying. 
Significant odor issues.  Not compatible with 
anaerobic digestion 

No 

Composting   
(with Class B 
feedstock) 

Inadequate space at Pima County and odors would 
be high, even with Class B digested feedstock.   
High-level of process control required. 

No 

Composting   
(with Class A 
feedstock) 

Space/footprint is major issue; Class A digested 
biosolids required as feedstock. 

Yes 

Vermiculture Lack of experience at required scale. Space 
requirements are significant. 

No 

Slurry-Carb® 
process 

First facility at Rialto, CA., has issues. Pressurized 
and heated reactions allows high-solids  
dewatering for energy value.  Rialto product to be 
used in nearby cement kiln. 

No, possibly  
in the future 

Solids Technology Screening 

3 



Solids Technology Screening 
Category Technology Screening Evaluation & Assessment Further Evaluation 

Warranted? 

Non-Digestion 
Stabilization 
Cont’d 
 

Pyrolysis High-temperature processes to create char 
product and combustible off-gas for energy value. 
Public perception may be difficult to overcome. 

No, possibly  
in the future 

Gasification Limited experience and odor concerns.  Only small 
scale operation to-date. 

No, possibly 
in the future 

Sludge-to-oil 
technology 

Very limited experience. Process has been in 
development for at least 20 years. 

No 

Thermal 
depolymerization 
and thermal 
conversion 
process 

First plant at Carthage, MO working on turkey 
waste — no facilities using biosolids. Odor 
problems at Carthage facility. 

No 

Thermal 
processing with 
energy recovery 

Destruction of organics and pathogens. Concerns 
from air quality and regulatory perspective, and 
major investment required. Ash is the final 
product, usually disposed. Continues to be a 
successful process at approximately 50 
wastewater treatment plants in the United States. 
Public perception difficult to overcome. 

No 

4 



Solids Technology Screening 
Category Technology Screening Evaluation & Assessment Further Evaluation 

Warranted? 
Non-Digestion 
Stabilization 
Cont’d 

Thermal conditioning 
and heat treatment 

Significant odor problems at these plants over 
time. Existing plants with this technology have 
been, and continue to be, phased out. 

No 

Wet air oxidation in 
deep well 

Small footprint is advantage. Very little experience. 
Possible advancements in future, but also risks 
from deep wells. Essentially, ash is produced from 
the process. Odor may be crucial concern. 

No 

Irradiation Pathogen reduction process, which can produce 
Class A. Not a stabilization process. 

No 

High temperature 
melting and 
vitrification 

Limited experience and odor potential. Perceived 
as high cost approach. Destruction of organics and 
pathogens. 

No 

Bio-brick production Lack of experience at required scale. Involves high 
temperature processes. Advancements in 
technology are possible as costs for biosolids 
management increase. 

No 

Biomass Conversion 
by Knight Bioenergy 

Plasma arc reactor system or induction reactor 
system.  Not proven on sludge.  

No 

Lagooning Digested feedstock required. Inadequate space at 
Pima County. Odor issues would also be major 
concern.  

No 

5 



Solids Technology Screening 
Category Technology Screening Evaluation & Assessment Further Evaluation 

Warranted? 

Dewatering 
& Drying 

Belt filter press Very common dewatering process at scale 
required. Low-shear process. However, the 
technology has not achieved high solids content 
cake material, even with newer advancements. 

Not for Ina Road 

Centrifuge Very common dewatering process at scale 
required. Achieves good cake solids content, but 
can be high-shear process with odor re-growth 
potential.  Being built at Ina Road 

Yes 

Screw press Relatively new process for biosolids, used at 
smaller plants to date. Low-speed machine with 
low-shear. A version of this process adds steam to 
produce Class A cake. 

Not for Ina Road 

Rotary press Used at smaller plants. Not for Ina Road 

Plate and frame 
pressure filter 

Low-shear dewatering conducted in batches. 
Sludge/biosolids industry has had few 
installations, and most have been phased out. 
Newer technology using vacuum and heat provides 
Class A, but only used at smaller-scale plants to 
date.  

No 

6 



Solids Technology Screening 
Category Technology Screening Evaluation & Assessment Further Evaluation 

Warranted? 

Dewatering 
& Drying 
Cont’d 

Air/solar drying — 
open systems 

Even with excellent upstream stabilization, there 
would be odor concerns. 

No 

Air/solar drying — 
within structure 

New, mechanical greenhouse-type systems. Odor 
must be controlled. 

Yes 

Heat drying — graded 
pellet product 

Digested feedstock required. High degree of odor 
control needed. Experience is good in North 
America, and considerable experience in Europe at 
required scaled. Safety is an issue — particularly 
fire/explosion. Class A product. Energy required is a 
major issue.  

Yes 

Heat drying — 
ungraded product 

Digested feedstock required. With highly controlled 
systems and advances in dust control and safety, 
this type of heat drying may be feasible. Mostly belt 
dryers.  

Yes 

Innovative Biosolids 
Drying 

Use of waste-heat hot water stream from 
cogeneration system could be explored for possible 
use with other innovative drying techniques using 
solar energy, belt drying or other technology. 

Yes 

Combined 
Centrifuge/Drying 

Implemented in Europe, primarily as pre-processing 
before incineration. Not a Class A product. 

No 
7 



Solids Technology Screening 
Category Technology Screening Evaluation & Assessment Further Evaluation 

Warranted? 

Other Solids 
Processing  
Technologies 

Disintegration 
processes 

Applied to TWAS, normally, to achieve greater 
volatile solids reduction in digestion. Processes 
being researched and tested in North America. 
Several facilities built in Europe and overseas in 
last decade. 

No, possibly  
in the future 

Nutrient removal 
processes 

Purposeful crystallization to remove phosphorus 
and perhaps ammonia from sludge streams. 
Crystals used as fertilizer material. Implemented 
overseas – some plants now in North America. 

No, possibly  
in the future 

Cannibal® process Process to minimize sludge production. Not very 
conducive if plants have primary clarifiers and 
fairly low MCRT biological process. Has been 
implemented at small plants to date. 

No 

Debris removal Sludge screening before or after digestion process 
removes plastic and other materials to improve 
product quality and reduce maintenance. 

Yes 

8 





AD = 
Anaerobic Digestion

11-May-11

Conventional AD + Acid/Methane AD + Staged Meso AD + Thermophilic AD + Temp. Phase AD + Conventional AD + Acid/Methane AD + Staged Meso AD + Thermophilic AD+ Temp Phase AD +

Options Class B Weighting Thicken and/or Thicken and/or Thicken and/or Thicken and/or Thicken and/or dewater + dry dewater + dry dewater + dry dewater + dry dewater + dry
Factors dewater dewater dewater dewater dewater

(1 -10)

Cost to Implement 8 10 8 9 8 8 8 6 8 6 6

O&M Costs 10 10 8 10 8 8 8 8 8 8 8

Proven Process 1 10 7 10 8 8 9 7 9 8 7

Compatibility with Existing Facilities 1 10 8 10 8 8 8 6 8 7 6

Compatibility with Potential Beneficial Use of 
Biogas 8 7 8 7 9 9 7 8 7 9 9

Product Use Reliability 5 2 2 2 2 2 4 4 4 4 4

Long Term Sustainability 1 3 4 3 6 6 7 6 6 7 7

Complexity of System and maintenance 1 10 7 8 7 7 9 6 7 6 6

Community Acceptance 7 5 5 5 5 5 6 6 6 6 6
     

System flexibility for future modifications 3 5 4 4 3 3 6 5 5 4 4

Scoring criteria:  1-10, highest score is best

APPENDIX D TABLE 3-4 BIOSOLIDS PRODUCT/TECHNOLOGY SCREENING MATRIX - SCORING

--------------------------------------------------------------------------------------------------------------------------Raw Score------------------------------------------------------------------------------------------------------------------------

Class B Slurry and/or Cake Class B Solar Dried



AD = 
Anaerobic Digestion

Thermal Dried 
Product (graded)

Thermal Dried 
Product 

(non-graded)

Solar-dried Product 
with Class A 
Feedstock

Solar-dried 
Product with 

Class B Feedstock

Composting 
(using Class A 

feedstock)

Manufacturing 
topsoil (using 

Class A feedstock)

Thermophilic AD + Pre-Pasteurization Thermal Hydrolysis Conv. AD + Conv. AD + Class A Digestion + Class B Digestion + Class A Digestion + Class A Digestion + 

Options Class A Weighting Batch Tanks + Thicken AD + Thicken and/or AD + Thicken dewater+ dry dewater+ dry dewater + Enhanced dewater + Enhanced dewater + dewater +
Factors and/or dewater dewater and/or dewater Solar dry Solar dry composting blending

(1 -10)

Cost to Implement 8 8 6 2 2 2 6 7 6 6

O&M Costs 10 8 8 6 2 3 8 8 6 6

Proven Process 1 7 5 3 5 6 7 2 5 5

Compatibility with Existing Facilities 1 8 7 5 6 6 6 7 4 6

Compatibility with Potential Beneficial Use of 
Biogas 8 9 7 9 3 3 8 8 8 8

Product Use Reliability 5 6 6 6 10 8 7 7 9 7

Long Term Sustainability 1 9 8 9 5 5 6 7 9 9

Complexity of System and Maintenance 1 7 5 2 3 3 6 9 6 6

Community Acceptance 7 7 7 7 8 8 9 9 10 10
     

System Flexibility for Future Modifications 3 2 2 1 7 7 2 6 2 2

Scoring criteria:  1-10, highest score is best

APPENDIX D TABLE 3-5 BIOSOLIDS PRODUCT/TECHNOLOGY SCREENING MATRIX - SCORING

 -----------------------------------------------------------------------------------------------------------------------Raw Score ---------------------------------------------------------------------------------------------------

Class A Slurry and/or Cake



AD = 
Anaerobic Digestion

TABLE 3-6 BIOSOLIDS PRODUCT/TECHNOLOGY SCREENING MATRIX - WEIGHTED

11-May-11 Conventional AD + Acid/Methane AD + Staged Meso AD + Thermophilic AD + Temp. Phase AD + Conventional AD + Acid/Methane AD + Staged Meso AD + Thermophilic AD+ Temp Phase AD +

Options Class B Weighting Thicken and/or Thicken and/or Thicken and/or Thicken and/or Thicken and/or dewater + dry dewater + dry dewater + dry dewater + dry dewater + dry
Factors dewater dewater dewater dewater dewater

(1 -10)                   --------------------------------------------------------------------------------------------------------------------------Weighted Score -------------------------------------------------------------------------------------------------------------------------------------------

Cost to Implement 8 80 64 72 64 64 64 48 64 48 48

Life-cycle Cost 10 100 80 100 80 80 80 80 80 80 80

Proven Process 1 10 7 10 8 8 9 7 9 8 7

Compatibility with Existing Facilities 1 10 8 10 8 8 8 6 8 7 6

Compatibility with Potential Beneficial Use of 
Biogas 8 56 64 56 72 72 56 64 56 72 72

Product Use Reliability 5 10 10 10 2 10 20 20 20 20 20

Long Term Sustainability 1 3 4 3 6 6 7 6 6 7 7

Complexity of System and maintenance 1 10 7 8 7 7 9 6 7 6 6

Community Acceptance 7 35 35 35 35 35 42 42 42 42 42
     

System flexibility for future modifications 3 15 12 12 9 9 18 15 15 12 12

TOTAL SCORE 329 291 316 291 299 313 294 307 302 300

Class B Slurry and/or Cake Class B Solar Dried



AD = 
Anaerobic Digestion

TABLE 3-7 BIOSOLIDS PRODUCT/TECHNOLOGY SCREENING MATRIX - WEIGHTED

Thermal Dried 
Product (graded)

Thermal Dried 
Product 

(non-graded)

Solar-dried 
Product with Class 

A Feedstock

Solar-dried Product 
with 

Class B Feedstock
Composting (using 
Class A feedstock)

Manufacturing 
topsoil (using Class 

A feedstock)
Thermophilic AD + Pre-Pasteurization Thermal Hydrolysis Conv. AD + Conv. AD + Class A Digestion + Class B Digestion + Class A Digestion + Class A Digestion + 

Options Class A Weighting Batch Tanks Thicken AD + Thicken and/or AD + Thicken dewater+ dry dewater+ dry dewater + Enh dewater + Enh dewater + dewater +
Factors and/or dewater dewater and/or dewater Solar dry Solar dry composting blending
(1 -10)                  --------------------------------------------------------------------------------------------------------------Weighted Score----------------------------------------------------------------------------------------------------------------------------------

Cost to Implement 8 64 48 16 16 16 48 56 48 48

Life-cycle Cost 10 80 80 60 20 30 80 80 60 60

Proven Process 1 7 5 3 5 6 7 2 5 5

Compatibility with Existing Facilities 1 8 7 5 6 6 6 7 4 6

Compatibility with Potential Beneficial Use of 
Biogas 8 72 56 72 24 24 64 64 64 64

Product Use Reliability 5 30 30 30 50 40 35 35 45 35

Long Term Sustainability 1 9 8 9 5 5 6 7 9 9

Complexity of System and Maintenance 1 7 5 2 3 3 6 9 6 6

Community Acceptance 7 49 49 49 56 56 63 63 70 70
     

System Flexibility for Future Modifications 3 6 6 3 21 21 6 18 6 6

TOTAL SCORE 332 294 249 206 207 321 341 317 309
Scoring criteria:  1-10, highest score is best

Class A Slurry and/or Cake





Appendix D 

Evaluation of Short Listed Biogas Alternatives 
 
The following tables summarize the criteria, weighting and scoring of the short listed biogas 
alternatives developed in Workshop 4. 
 

Table D-1. Evaluation of Short Listed Biogas Alternatives – Criteria Weighting 

Feature directly impacting PCWRD  
Economic 5 

Estimated capital cost to implement, $ 1.7 

Estimated annual cost (benefit), $/yr 1.7 

Estimated net present worth, $ 1.7 

Implementation 6 

Ability to meet implementation schedule 1 

Compatibility with alternative delivery (DB) 1 

Compatibility with third party operation 1 

Compatibility with third party finance 1 

Requirement for third party for implementation 1 

Impacts on air permitting 1 

Impacts to Ina Road WRF 5 

Space required 1.25 

Operational complexity 1.25 

Compatibility with Biosolids alternatives 1.25 

Flexibility to accommodate variations in gas flow without flaring 1.25 

Environmental Impacts 3 

Greenhouse gasses (GHG) 1 

Non-CO2 emissions 1 

Impacts on use of other resources-operations 1 

Social Impacts 1 

Tangible demonstration of leadership in environmental stewardship 1 
 



Table D-2. Evaluation of Short listed Biogas Alternatives - Scoring 

Feature directly impacting PCWRD Alternative 
8 

Alternative 
12a  

Alternative 
12b 

Alternative 
13a 

Alternative 
13b 

Economic      

Estimated capital cost to implement, $ 8 10 7 9 6 

Estimated annual cost (benefit), $/yr 5 6 7 9 10 

Estimated net present worth, $ 4 6 6 10 9 

Implementation      

Ability to meet implementation schedule 3 7 6 7 6 

Compatibility with alternative delivery (DB) 9 9 9 9 9 

Compatibility with third party operation 9 9 8 9 8 

Compatibility with third party finance 8 9 9 9 9 

Requirement for third party for implementation 8 6 5 6 5 

Impacts on air permitting 4 8 8 8 8 

Impacts to Ina Road WRF      

Space required 5 5 5 5 5 

Operational complexity 6 5 4 5 4 

Compatibility with biosolids alternatives 9 6 7 6 7 

Flexibility to accommodate variations in gas flow without 
flaring 9 9 9 9 9 

Environmental Impacts      

Greenhouse gasses (GHG) 9 4 5 6 6 

Non-CO2 emissions 3 9 9 9 9 

Impacts on use of other resources-operations 4 7 7 7 7 

Social Impacts      

Tangible demonstration of leadership in environmental 
stewardship 4 6 7 9 9 

Final Score (weighted) 126 143 138 158 150 
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Category Alternative A Alternative B Alternative C Comments
Combined Heat and Power Biogas Cleaning and Sale Biogas Cleaning for Vehicle Fuel, 

with Sale to Utility as Back-up

Description 
Biogas used to generate electric power for sale or to reduce 
power purchased from TEP. 

Biogas cleaned to pipeline quality for sale to "premium 
markets" (CA). 

Biogas cleaned to pipeline quality, and some used for vehicle 
fuel by PCRWRD vehicles, with potential for use by other Pima 
Co depts or other entities. Cleaned biogas not used in vehicles 
is sold to local NG utility (SWG). 

Source of Economic benefit
Revenue from generated power, or reduced power purchase 
cost from TEP Revenue from sale of gas to "premium" market

Reduced cost of vehicle fuel purchase, plus some revenue 
from biogas sale. 

Source of thermal energy for Ina Rd 
WRF Waste heat from engines; Centrla Plant is back-up Central Plant using cleaned biogas Central Plant using cleaned biogas

Estimated annual thermal demand at 
Central Plant - assuming mesophilic 
digestion 33,900 MMBtu in 2014,  41,000 MMBtu in 2030

33,900 MMBtu in 2014 (18.7% of pipeline quality 
biomethane),  41,000 MMBtu in 2030 (14.6% of pipeline 
quality biomethane)

33,900 MMBtu in 2014 (18.7% of pipeline quality 
biomethane),  41,000 MMBtu in 2030 (14.6% of pipeline 
quality biomethane)

Alt B - Biogas diverted to Central Plant will dgrade 
marketability on open market. 

Estimated annual thermal demand at 
Central Plant  - assuming thermophilic 
digestion 66,700 MMBtu in 2014,  90,700 MMBtu in 2030

66,700 MMBtu in 2014 (36.7% of pipeline quality 
biomethane),  90,700 MMBtu in 2030 (32.2% of pipeline 
quality biomethane)

66,700 MMBtu in 2014 (36.7% of pipeline quality 
biomethane),  90,700 MMBtu in 2030 (32.2% of pipeline 
quality biomethane)

Alt B - Biogas diverted to Central Plant will dgrade 
marketability on open market. 

Biogas conditioning/cleaning  required
Conditioning: Moisture removal, particulate removal, H2S 
removal, siloxane removal. 

Conditioning included with cleaning: Moisture removal, 
particulate removal, H2S removal, siloxane removal, CO2 
removal. 

Conditioning included with cleaning: Moisture removal, 
particulate removal, H2S removal, siloxane removal, CO2 
removal. 

1) Biogas conditioning (minimum) is recommended for Central 
Plant use. 2) Pipeline quality is not needed for vehicle fuel, 
but is required for sale to SWG, therefore, assume pipeline 
quality for vehicle fuel. 

Projected capacity:

Year - 2014 2,890  KW (25,067,000 KW-hr per year) 181,700 MMBTU/yr after gas clean-up and Central Plant use. 
750,000 Vehicle Miles (62,900 gasoline gallon equivalent), and 
171,900 MMBTU/hr after gas clean-up and Central Plant use. 

Mileage asssumes all PCRWRD vehicles in inventory converted 
to CNG with average mileage of 14.4 mpg. This represents 
5.4% of the biomethane produced.

Year - 2030 4,284  KW (37,153,000 KW-hr per year) 281,300 MMBTU/yr after gas clean-up and Central Plant use. 

1,160,000 Vehicle Miles (97,300 gasoline gallon equivalent), 
and 266,170 MMBTU/hr after gas clean-up and Central Plant 
use. 

The assumption of 5.4% of the biomethane produced being 
used as vehicle is carried forward with increased gas 
production.

Potential impact on air permit 
renewal/modification

Most on-site emissions of any alternative, therfore, most 
documentation required. Major modification is not 
anticipated. 

Significant reduction in emissions therefore requires the least 
documentation in permit modification. 

Significant reduction in emissions therefore requires the least 
documentation in permit modification. 

Waste gas burner flares, with assumptions on annual use,  
must be permitted in any alternative. 

Number of base processing units
Year - 2014 Number of engines - 4 at 1.1MW ea (3 duty plus 1 standby) Number of Cleaning systems - 3 (2 duty plus 1 standby) Number of Cleaning systems - 3 (2 duty plus 1 standby) One fueling station for alternative C.

Year - 2030 Number of engines - 5 at 1.1MW ea(4 duty plus 1 standby) Number of Cleaning systems - 4 (3 duty plus 1 standby) Number of Cleaning systems - 4 (3 duty plus 1 standby) One fueling station for alternative C.

Estimated capital cost, dollars

Year - 2014 $11,080,000 $10,010,000 $11,010,000 
Capital costs assume a privatized DBO or DBFOO installation; 
i.e. no frills, minimal capital costs. 

Year - 2024 (additional for expansion) $1,584,000 $1,812,600 $1,812,600 
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Category Alternative A Alternative B Alternative C Comments
Combined Heat and Power Biogas Cleaning and Sale Biogas Cleaning for Vehicle Fuel, 

with Sale to Utility as Back-up

Annual cost O&M: 
Costs shown are based on 2014, and are assumed toi increase 
linearly with gas production. 

Equipment O&M costs, dollars/year $418,000 $81,000 $81,000 Assumes $0.016/kWh for cogeneration O&M.

Gas treatment O&M, dollars/year $196,000 N/A N/A Siloxane removal and compression, assumes $0.0075/kWh
Labor Included  in above $52,000 $52,000 
Power Included  in above $187,000 $187,000 

H2S Removal, dollars/year $150,000 $150,000 $150,000 
Included in current NPV analysis. Previously was not. Assumes 
2000 ppm H2S.

Fueling Station O&M, dollars/year N/A N/A $44,000 
Total O&M $764,000 $470,000 $514,000 

Potential raw economic return, 
dollars/year $1,479,000/yr  based on $0.059 per KW-hr $1,362,000/yr based on $7.5/MMBTU

$933,000/yr based on $3.90/gallon fuel cost offset; and sale 
of gas at $4.0/MMBTU Based on 15 scf/lb VSR, 600 BTU/SCF

Note: Value of generated power may be less if sold directly to 
TEP. Also, value does not account for higher power purcahse 
if LL14 tariff is not available. See Note. 

Note: EDF Trading listed a royalty to the County of $0.40 to 
$0.70 per MMBTU. This would result in $70,000/yr to 
$127,000 per year in 2014.

Estimated NPV life-cycle (costs) or 
benefit (Present worth, dollars) ($1,280,000) $2,560,000 ($5,120,000)

Does not acount for potential incentives for "green" energy 
development. Also, does not account for economies 
associated with potential private financing and/or private 
operation. 

Sensitivity - Estimated NPV life-cycle 
(costs) or benefit (Present worth, 
dollars) 

CHP "breakeven" cost of purchased power could be as low as 
$0.063/kw-hr ($6,320,000) $3,810,000 

Assuming $4/MM Btu for Alternative B and $7.5 / MMBtu for 
Alternative C.

See Note. 
Note: The NPV of EDT Trading Royalties would be $1,050,000 
to $1,840,000 assuming no vehicle fuel use.

Delivery methods:

DBB (PCRWRD operates) 
Delivery options to be discussed in workshop; Eric Peterson to 
provide overview of options. 

DB (PCRWRD operates) 
DBO
DBFO
DBFOO

Potential risks/opportunities:

Economic

Value of purchased electricity drops, thereby reducing 
"payback" (not likely); value of purchased electricity increases, 
improving "payback" (more likely).  

Volatility in premium biogas markets could reduce economic 
return to PCRWRD (possible) 

Cost of gasoline/diesel fuels may drop thereby reducing 
"payback" (not likely); Cost of gasoline/diesel fuels continue 
to rise improving "payback" (more likely). 

Raw gas quality
Elevated levels of H2S and/or siloxane could increase cost of 
gas conditioning. 

Elevated levels of H2S and/or siloxane could increase cost of 
gas conditioning and cleaning. 

Elevated levels of H2S and/or siloxane could increase cost of 
gas conditioning and cleaning. 

Operational

Failure of third party operator to maintain CHP power output, 
resulting in steep demand charges by TEP (could make the 
contractor responsible for demand charges but tis increases 
risk cost to contrator). 

Unscheduled shut-down of gas cleaning results in flaring; 
could compromise air permit. 

Unscheduled shut-down of gas cleaning results in flaring; 
could compromise air permit. Also, could reduce vehicle fuel 
availability. 

Contract default by third party contractor 
PCRWRD could take over operation of CHP; operate similar to 
current ERF. 

PCRWRD must independently re-engage all contracts that 
third party put in place for gas sale and transport. May impact 
air permit (see below) 

PCRWRD must take over operation of gas cleaning facility; 
PCRWRD must take over vehicle fueling. 
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Category Alternative A Alternative B Alternative C Comments
Combined Heat and Power Biogas Cleaning and Sale Biogas Cleaning for Vehicle Fuel, 

with Sale to Utility as Back-up

Interactions with TEP

Must accommodate TEP's requirements for power back-feed 
protection. TEP limits viability of cogen on-site through tariff 
language. NA NA

Permitting risks
Little risk until air permit requires renewal; then, modest risk 
of reducing emissions requirments. 

Two risks: 1) potential to permit CO2 point source discharges; 
2) failure of third party contractor may result in flaring and 
places air permit compliance in jeopardy. 

Two risks: 1) potential to permit CO2 point source discharges; 
2) failure of third party contractor may result in flaring and 
places air permit compliance in jeopardy. 

Other opportunities
Use waste heat to provide partial drying of biosolids (see 
synergies below). 

Recover CO2 for commercial application (potential added 
revenue source). 

Recover CO2 for commercial application (potential added 
revenue source). 

Public Relations Value Limited; no change from current biogas use. 

Positive if PCRWRD recieves economic benefit from sale of 
biogas; potentially negative if economic benefit diminshes 
and public percives PCRWRD as "giving away" a resource. Potentially very positive, regardless of economic benefit. 

Potential Synergies with biosolids 
utilization and management 

Positive: 1) if thermophilic digestion in future, then expanded 
heat recovery can support thermophilic operation; 2) heat 
recovery can support partial biosolids drying (less than 1/2 
production), however, may not achieve Class A given low 
temperature of heat recovered. 

Negative: If thermophilic digestion in the future, then more 
biogas must be diverted to Central Plant for heating. 

Negative: If thermophilic digestion in the future, then more 
biogas must be diverted to Central Plant for heating. 

Flexibility to tailor biogas uses to 
opportunities and needs 

Little flexibility. Capital investment in CHP equipment not 
amenable to other uses. 

High flexibility. Capital investment in gas cleaning can be 
foundation for vehicle fuel, biosolids drying, future CHP, etc. 
However, biomethane sale agreements likely more lucrative 
for PCRWRD with longer terms to the agreement (15 - 20 
years). 

High flexibility. Capital investment in gas cleaning can be 
foundation for other uses in future. 





Appendix D 
Evaluation of Green Valley WRF Alternatives 

        8-Aug-11 
 

FINAL WORKSHOP VERSION 
        

  
Alternative 1 

  
Alternative 2 

  
Alternative 3 

  
Features 

Weighting 
Factor Improved Aerated Solids Holding, Score 

 
Aerobic Digestion,  Score 

 
Haul unclassified solids to Ina Road WRF Score 

   1 to 5 Solar Greenhouse Dryers 1 to 10   Solar Greenhouse Dryers 1 to 10     1 to 10   

Features Directly Impacting PCRWRD 

Economic: 

Estimated capital cost to implement, 
dollars 5 $8,334,000 7 35 $10,164,000 4 20 $1,786,000 10 50 

Estimated annual cost (benefit), dollars 
per year 5 $106,000 8 40 $314,000 5 25 $556,000 2 10 

Estimated net present worth, dollars  5 $9,654,000 8 40 $14,037,000 3 15 $8,645,000 9 45 

Implementation: 

Flexibility (can improvements be staged 
over years) 0 

Limited. Recommend sludge holding tank and odor control mods full-
implementation together. One greenhouse dryer can be built and 
performance and product quality confirmed.  

0 0 

Limited. Recommend aerobic digestion and odor 
control full-implementation together. One 
greenhouse dryer can be built and performance and 
product quality confirmed.  

0 0 Small capital investment does not lend 
itself to staging 0 0 

Compatibility with alternative delivery 0 Potential for design-build, especially for greenhouse dryers.  0 0 Potential for design-build, especially for greenhouse 
dryers.  0 0 Too small for DB. Maybe contract hauling 

to Ina 0 0 

Reliability of Biosolids Program: 

Disposal Flexibility 2 Only dried product is Class B and amenable to beneficial use.  5 10 Liquid, dewatered cake, and dried product all Class 
B and amenable to beneficial use.  5 10 No biosolids product from GVWRF 5 10 

Vulnerability to changes in product 
outlet options (product flexibility) 2 Ability to haul slurry or cake to Ina Rd provides positive outlet, but at 

higher costs 5 10 More diverse Class B product mix reduces 
vulnerability  5 10 No biosolids product from GVWRF; all 

product outlets via Ina Road WRF 5 10 

Impacts on GVWRF Operations: 

Monitoring required to achieve stable 
Class B 1 Drying operation must be managed 3 3 Aerobic digester operation must be managed.  5 5 No Class B, therefore no effort 10 10 

Operational complexity 4 Relatively simple 6 24 Aerobic digester more complex 5 20 Continual effort to manage inventory 
and trucking 8 32 

Site impacts 1 Requires more space for greenhouses; less tankage 4 4 Requires space for tankage but less for greenhouses 6 6 Only limited footprint required for odor 
control 8 8 

Odor Control Processes 5 Two new processes: for SHT, GBT, BFP plus one for greenhouses 6 30 Two new processes: for SHT, GBT, BFP (larger than 
for Alt 1) plus one for greenhouses.  4 20 One new process for SHT & GB7 8 40 

Environmental/Social 

Greenhouse Gas 1 Dried Product limits truck haul 5 5 Digested, dried product limits truck haul 8 8 Hauling liquid slurry maximizes sludge 
haul 1 1 

Traffic 1  5 5  8 8  1 1 

  
Raw Score 62 

 
Raw Score 58 

 
Raw Score 67 

 
  

Weighted Score 206 206 Weighted Score 147 147 Weighted Score 217 217 

  
Weighted Score (minus capital and annual costs) 131 

  
102 

  
157 
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Appendix E: Biomethane Marketing Consultant 
Questions and Answers 

Mr. Dave Jones, DMJ Gas Marketing Consultants, LLC 

Ms. Diane L. Saber, PhD., REEthink, Inc. 

 



 
Typical Questions Requiring Input during the Service – Dave Jones, DMJ Gas Marketing Consultants, LLC 

 
1. From your experience, are municipal agencies, like Pima County Regional Wastewater Reclamation Department 

(PCRWRD), often entering into biogas purchase agreements directly with biogas users? Or, are they selling 
their gas to a 3rd party who then markets the gas to the users?  

a. Municipal agencies have taken both approaches, but I think direct marketing is a better option. There 
are third party marketing companies who will offer to purchase the biogas directly from the tailgate 
of the processing facility. They will then transport the gas to various other markets they have 
contracts with. This is not as economically advantageous as the price received by the Municipality is 
much lower than could be realized by contracting directly with the end user of the biogas and 
handling all the pipeline transportation on their own. The 3rd party deal might be easier for the 
municipal agency, but given the ideal location of the Pima County facility to the El Paso 
pipeline/California border, selling directly to the user and transporting the biogas would be very 
simple and efficient. 

 
2. What do you see as the market trend for biogas? More demand or less demand? To what degree do politics 

drive the demand for biogas? What is the trend in the political drivers for biogas use? 
a. Given the mandates for California to achieve a 33% Renewable Portfolio Standard goal by 2020, of 

which biogas is one of the major components, I see the future demand rising. Biogas is increasingly 
being seen as a cost-effective, sustainable, and environmentally friendly means of energy production. 
The commercial and environmental benefits of biomethane have the potential to drive exponential 
growth in end user markets such as biomethane grid injection, biogas trading, bio-LNG, and natural 
gas vehicle fuels. A long-term biogas project such as Pima County’s will be in great demand. 

 
3. What is the range of “prices” that biogas is being sold for? Generally, what percentage of this sales price goes 

back to the original producer of the biogas (i.e. the public agency who owns the POTW producing the gas)? 
a.  The price range for biogas sold to markets in California has been from $10.50 - $12.00 per MMBtu, 

usually for 10 or 15 yr contracts. That is the price the end user pays at the California border (or in 
some cases the PG&E citygate). Subtracted from this price is a marketing commission (typically 4%) 
and any pipeline transportation costs to get the biogas to the California border. Hence, the revenue is 
generally 96% of the sales price less cost of transport to California. 

 
4. What are the most significant factors that influence the sale price of biogas? 

a.       Quantity of biogas sold?  
Most biogas projects (with the exception of large landfill projects) tend to be less than 1,000 
MCF/day of production. This would be considered relatively small in relation to the amount of gas 
that is generally needed for cogen consumption and large scale electric generation. However, project 
size does not seem to be a factor that influences the sale price of the biogas. In fact, many end users 
are looking for smaller amounts to help supplement their renewable portfolio. 

b.      Variability in biogas production? 
This could perhaps be a more influential factor in the sales price of biogas. End users are particularly 
concerned with feed stock reliability, which in turn can affect a project’s production variability. Stable 
feed stock, such as that associated with a wastewater or solid waste project (as opposed to a dairy 
for example) creates a much more stable production that generates more interest with a potential 
long term biogas buyer. 

c.       Length of the biogas purchase agreement? 5 years vs. 10 years vs. 15 years, etc? 
Most end use markets of biogas prefer a contract of 10 to 15 yrs in length. 5 year deals were done 
for fuel cell installations where the term was tied to the self generated incentive program (SGIP). 
There may be some slight differences in the price between 10 and 15 year deals but not much. In 
general, the difference is made up from a price escalator that generates a higher price for a longer 
term. 
 
 
 



d.      Others? 
Regulatory uncertainty could be a factor that influences the sale price of biogas. Contracts need to be 
negotiated that effectively mitigates the risk that future regulatory decisions could have on the 
renewable fuel industry.  

 
5. Roughly what percentage of the value of the biogas does the cost of “wheeling” through transmission mains 

represent? What you expect the percentage range to be for PCRWRD? 
a.  The cost of wheeling through transmission mains depends on the distance and the number of 

pipelines involved. If the end use market is in California, that cost could be 5-20% of the total sales 
price. In the case of PCRWRD, since the facility would only utilize one pipeline for delivery to 
California (El Paso) the percentage of the value for transportation would be approximately 3 to 6 
percent (depending on where the California delivery point is). An additional cost is that of 
compression, if needed. Many interstates are high pressure lines that require that biogas needs 
compression to enter the pipeline.  

 
6. Do purchase agreements typically include a penalty clause for failing to deliver the prescribed flow of gas?  

a. The flow of biogas through the pipeline system is the same as for conventional natural gas. The day 
to day output of a gas well, a processing plant, or a biogas project will have some fluctuations. 
Pipelines allow for a certain amount of these variances to occur, and there are procedures in place to 
account for and correct imbalances.   Contracts are different, but most call for minimum volumes or 
as-available volumes and will allow for tolerance bands and force majeure events. Of course payment 
is only made for volumes delivered, but every opportunity is given to true-up the volume in the 
prescribed remedy period. 

 
7. Are more public agencies moving into the biogas sale market? Will PCRWRD have “significant competition” as it 

develops its biogas for sale? 
a. I am seeing quite an increased interest in public agencies wanting to develop biogas upgrade 

projects for sale into the biogas market. Much of the interest in based on low power prices making 
biogas upgrade for pipeline injection much more attractive, particularly with higher prices paid for 
biogas by California end users. However, demand is increasing, and ‘significant competition’ is not 
expected to be an issue, particularly given the size of most projects vs. the amount of biogas actually 
needed to help achieve RPS goals. 

 
8. How would you categorize the biogas buyers (electric service providers, fuel cell owners, others)? What are the 

major differences between these buyer types (biogas quantity, agreement term, biogas sale price, etc.)? 
a.  3 catagories: (1) Electric Load Serving Entities (LSEs), (2) fuel cell owners, and (3) commercial end-

users. LSEs, which include Investor Owned Utilities, Publicly Owned Utilities, and Electric Service 
Providers have the longest terms, the highest volume needs and pay correspondingly higher prices. 
These are the entities that are required to meet the California Renewable Portfolio Standards. See 
this link for a list of potential LSE markets in California: 
http://energyalmanac.ca.gov/electricity/utilities.html. Fuel cell supply was typically 5 yr terms with 
smaller volumes. However, the rules have changed for fuel cell projects (please see #10 below). 
Sales to commercial end users would result in lower prices that are generally tied to NYMEX. At this 
time, the commercial end use market is virtually non-existent as the use of biogas is totally voluntary 
and the prices paid by this market segment would not support a biogas upgrade project. 

 
9. Is out-of-state biogas eligible for California utilities to meet their requirements under the California Renewable 

Portfolio Standard (RPS)? Is out-of-state biogas transported to California allowed only from a specific region 
(specific states)? If so, is Arizona included in that region? What are the major risks of this type of sale 
agreement? 

a. As of the latest version of the Renewable Portfolio Standards Handbook, out of state biogas is still 
eligible for California utilities to meet their RPS requirements. It can be found here: 
http://www.energy.ca.gov/2010publications/CEC-300-2010-007/CEC-300-2010-007-CMF.PDF.  Here 
is the specific wording in the document: 

“Any production or acquisition of biomethane that is directly supplied to the gas 
transportation pipeline system and used to produce electricity may generate RPS eligible 

http://energyalmanac.ca.gov/electricity/utilities.html
http://www.energy.ca.gov/2010publications/CEC-300-2010-007/CEC-300-2010-007-CMF.PDF


electricity as follows: 
1.  The biomethane must be produced from an RPS‐eligible resource, such as biomass, digester gas, or landfill gas. 
2.  The biomethane must be injected into a natural gas pipeline system that is either 

within the WECC region or interconnected to a natural gas pipeline system located in the WECC region that 
delivers gas into California (or delivers to the electric generation facility if the electric generation facility is 
located outside California) and the gas is delivered as specified below. 

3.  The applicant, or authorized party, must enter into contracts for the delivery (firm or interruptible) or storage of 
the gas with every pipeline or storage facility operator transporting or storing the gas from the injection point to 
California (or to the electric generation facility if the electric generation facility is located outside of California). 
Delivery contracts with the pipeline operators may be for delivery with or against the physical flow of the gas in 
the pipeline.”  So Arizona would be included as it is located in the WECC (Western Electricity 
Coordinating Council) region that delivers gas into California. However, it must be noted here that the 
California Energy Commission has been considering an amendment to the handbook which could 
possibly change the rules regarding eligible biogas supplies. That would be the greatest risk to this 
type of arrangement. There has been much resistance to this, as any change which disallows out of 
state biogas will effectively shut down biogas as a renewable fuel, as there are currently very few, if 
any, projects located within California that are producing pipeline quality biomethane. The industry is 
watching this closely, but at this point it is not anticipated that any changes will be made in this 
regard. 

 
10. The Self-Generation Incentive Program (SGIP) in California is designed to provide financial incentives for the 

installation of fuel cell equipment utilizing biogas for power self-generation. Will the SGIP be modified to accept 
only California in-state biogas? What kind of impacts this potential change may have to an established project? 

a.  The SGIP has already been changed to allow only California produced biogas to be eligible for the 
program. However, the SGIP is only a small percentage of the market demand for renewable biogas 
so the impact is expected to be minimal. 

 
11. Landfill gas in California is not eligible for use by electric utilities to meet their RPS requirements. Is that 

correct? If so, is California landfill gas anticipated to become eligible in the near future? How would that affect 
the eligibility and demand for out-of-state biogas? 

a. As of now, Landfill gas is not allowed to be injected into California utility pipelines. The Gas 
Technology Institute is currently performing a study of biogas from landfills to California pipelines and 
it is expected to be released soon. It is anticipated that the report will encourage upgraded landfill 
gas to pipeline, particularly since it is already allowed in other states. However, the California utility 
companies (especially PG&E) will be strongly against it, they will most likely insist on their own study. 
It is expected that it will take quite a long time (years) before California will allow landfill gas into its 
utility pipelines. 

 
12. Who are the players (biogas producer, buyer(s), pipeline company(ies), etc.) involved in a typical biogas-to-

pipeline project for sale of biogas in the California market? 
a.  Producer>local distribution company>intrastate pipeline>interstate pipeline>California utility>end 

user. This chain can be shorter if the biogas can be injected directly into an interstate transmission 
pipeline (El Paso pipeline for example).  

 
13. In terms of contracting term, including the sale price of the biogas, how would selling to a local natural gas 

utility, such as Southwest Gas, differ from selling to user/purchaser in a premium but remote market like 
California or in another state? 

a. Arizona does have a Renewable Portfolio Standard, although not nearly as aggressive as California. It 
reads: “On February 27, 2006, the Arizona Corporation Commission introduced new renewable energy 
standards requiring regulated electric utilities to generate 15 percent of their energy from renewable resources 
by 2025. Customers will face a slightly higher Environmental Portfolio Surcharge to offset the cost of 
compliance. If a utility does not meet the standard, the Commission may assess a penalty for non-compliance. 
The new rules also require a growing percentage of the total resource portfolio to come from distributed 
generation. Sources of energy that count toward the standard include electricity produced from qualifying 
biogas, hydropower, fuel cells that use only renewable fuels, geothermal, hybrid wind and solar, landfill gas, 
solar, and wind.” However, if there is no local market for renewable gas, PCRWRD could still sell their 
gas to an end user directly on the Southwest Gas system. The price would be similar to that of 
conventional natural gas, that is based on NYMEX, which is currently very low. ($2.30 as of 3/8/12) 
Gas could be sold on the spot market (daily or monthly), until a long term deal with an RPS customer 



is finalized. This is not economical and it is recommended that PCRWRD have a long term purchase 
agreement in place before the plant goes into production.  
 

14. How are other renewable energy options (such as solar and wind) anticipated to affect the demand for biogas 
to meet RPS requirements? 

a. Wind and solar projects will continue to meet the majority of the RPS goals, mainly due to their larger 
size and capacity. However, it is known that 40-50% of proposed wind and solar projects are not 
expected to be completed, and that leaves much room for stable long term digester projects to fill in 
much needed gaps. Also, biogas pricing (even at $12/MMBtu) competes well with wind and solar for 
electric generation costs per kwh. It may be easier to permit a wind or solar project within the state 
of California, but that may be their only real advantage.  

 
15. How would you assess the risk to PCRWRD when selecting the buyer? 

a. Credit rating of the buyer would be the foremost risk assessment tool. However, we cannot overlook 
any regulatory risk that could be in place if the California Energy Commission rules unfavorably on 
out of state bio gas being used to meet RPS goals (or fails to rule at all). 

 
16. What is involved in providing “Scheduling, Nomination and Balancing Services”? 

a. There are many things involved in providing Scheduling, Nomination, and Balancing Services, all of 
which DMJ Gas Marketing is vastly experienced in. Timely nominations must be placed on all 
pipelines; daily, weekly, and monthly reports are run and checked to insure accuracy of delivery and 
receipt; any discrepancies and/or imbalances must be dealt with according to contract terms and 
pipeline regulations; create and reconcile invoices for end use customers; generally make sure all gas 
flows timely and accurately. 

 
17. Are there grants, low interest loans, or other incentive programs available to PCRWRD for the construction of a 

biogas cleaning facility? 
a.  Yes, and constantly changing. I will research this, but at the moment I don’t have the latest 

information. 
 

18. In your experience, is there a need for a financial advisor to assist the gas producer (i.e. RWRD) in determining 
the most economical project delivery method (public vs. private financing; design build vs. design build operate, 
etc)? 

a. It depends on the entity, but I would think that it would be very beneficial. 
 

19. Is there termination clauses typically included in the biogas sale contract? What do they normally stipulate? 
a. Here is a termination clause which may be typical in a biogas sales contract: 

Early Termination of this Transaction Confirmation: 
 
Buyer shall have the right to terminate this Transaction Confirmation upon 30 Days’ 
written notice given to Seller if the CEC makes a determination or adopts a ruling or 
regulation that would result in the RB subject to this Transaction Confirmation to no longer 
qualify as a California Renewable Portfolio Standard eligible fuel, whether due to 
production issues, transportation path issues or otherwise.    

If either of the Projects fail to be under construction by  XXXXX Buyer will have the  right 
to terminate this Transaction Confirmation upon 30 Day’s written notice to Seller. 

Buyer shall have the right to terminate this transaction effective upon Seller’s receipt of 
Buyer’s written notice should the daily average RB production from the Project(s) during a 
six Month period fall below 50%  of the MMAV. 

 
 

20. How would you go about determining the best project delivery (capital investment) and biogas marketing 
arrangement that would generate the highest return for PCRWRD? 

a. For questions #20, 21, and 22 I feel that my lack of expertise in this area, (specifically project 
financing) precludes me from offering any meaningful information at this time. 



 
21. What do you consider the best approach for gas cleaning and conditioning facilities? Public or Private? 

a. See #20  
 

22. From gas marketing perspective what are the pros and cons regarding public financing vs. private financing? 
a. See #20  

 
23. Please comment on the possibility of combining the biogas program with a bioCNG program (vehicle fuel). 

Would this have a negative impact on the value of the biogas being sold to a purchaser/user in California? 
a.  Biogas as a transportation fuel is increasing, RINS trading will start soon. However, the bioCNG 

market is still very immature, but as demand increases there will be more opportunity to both sell 
biogas to companies who produce vehicle fuel, as well as to produce and sell bioCNG directly from 
your plant. 

 
24. What are the issues that need to be addressed as it relates to cleaned biogas quality in biogas-to-pipeline sale 

projects? 
a. Gas quality of pipeline injected biogas is extremely important. Gas quality specs do vary among 

different pipelines, but the bottom line is that whichever pipeline system is the actual receiving pipe 
of the physical injection of biogas, that those specs need to be strictly adhered to. Constant 
monitoring will need to incur to ensure the chemical stability of the biogas supply. Dr. Saber is an 
expert in this field and her comprehensive report can be found here: 
http://www.jgpress.com/archives/_free/002478.html  

http://www.jgpress.com/archives/_free/002478.html
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ANSWERS TO QUESTIONS REGARDING BIOGAS SALES 

AND INTRODUCTION TO PIPELINE GRID 
 
 
 

1. INTRODUCTION 
 

In order to advance the sale and use of renewable natural gas (RNG), it is important to 
understand the basic nomenclature practiced by the natural gas industry and those involved 
with RNG production.  The following is a brief description of basic terms used in the industry, so 
that there is no confusion about the brokered product or application.  It is important to use these 
terms when speaking to the natural gas industry and brokering the product, or overall credibility 
is reduced. 

Biogas is produced from the breakdown of organic material (landfill, wastewater, animal 
waste, and biomass) and contains a mixture of methane, carbon dioxide, and trace 
contaminates.   The raw gas mixture is known as biogas.  This gas mixture can be “cleaned 
up” or processed to produce renewable natural gas (RNG) or biomethane.   

Biomethane or RNG is a cleaned biogas product produced from the anaerobic digestion 
of a wide variety of biomass materials.  Interest in biomethane, not biogas, as an 
interchangeable product for natural gas has been noted throughout North America due to 
environmental, political, and economic drivers. Sources of this increasingly popular fuel include 
landfill waste, wastewater treatment digestion, agricultural waste, food-processing waste, and 
animal/bird farming by-products (manure digestion). Historically, raw or partially-cleaned 
biogas has been used primarily for on-site electrical power generation or other site 
specific energy needs.  Biogas is not suitable for introduction to the natural gas pipeline 
network and therefore will not be discussed here as a product of interest to the natural 
gas industry.   

Overall, each RNG purchase agreement is different and specific to the conditions of the 
market, the gas company partner, the terms and requirements of sale, the financial drivers of 
the project and the desires of companies involved.  Introduction of RNG to the pipeline is still 
considered new, although more projects are being developed over time.  For the purposes of 
definition, a Local Distribution Company (LDC) is the company which operates within the direct 
local of the facility, supplying gas to customers within a region or franchised location; they 
operate small-diameter, low pressure pipes.  Transmission companies move high volumes of 
gas between states using high pressure, large pipes.  Both companies have been known to take 
RNG directly into their systems.  However, if selling to a third party, the terms of sale begin with 
the gas company into which the gas is received.  In other words, gas quality, volumes, etc must 
be established at the point of injection, despite the resulting buyer of the gas.   
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2. DEFINITIONS - EXPANDED 
 
Biogas - The gas resulting from the anaerobic digestion of biomass.  Depending upon the 

digestion process used and conditions of digestion, biogas consists of 40 – 65% methane.  The 
remaining 35 – 60% of the biogas consists of “other” gases, with carbon dioxide being the major 
other gas along with trace gases including nitrogen compounds (ammonia, etc), water vapor, 
sulfur compounds (hydrogen sulfide, etc) and other constituents, depending upon the biomass 
used for digestion.  Biogas is considered “raw” unless cleaned or “conditioned” to meet the 
requirements of end use or inclusion within natural pipeline systems.  “Raw” biogas is not 
considered suitable for interchange within natural gas pipeline networks.   

 
Renewable Natural Gas (RNG) or Biomethane - The portion of biogas which consists 

primarily of methane.  The term RNG has recently been adopted by the natural gas industry as 
their preferred nomenclature because it connotes a “natural gas product which is renewable”, 
rather than the emphasis on biological origin of methane.  RNG is generally extracted from raw 
biogas through cleanup or “conditioning”, to remove “other” gases which impact gas quality.  
Using effective biogas cleanup (removal of gases which effect overall gas quality), RNG can be 
up to 99% methane, with concentrations of “other” gases.  RNG is considered suitable for many 
end-use applications and may be considered suitable for inclusion in general pipeline systems, 
depending upon other characteristics of the gas and specific tariff requirements.  

 
 

3. QUESTIONS AND ANSWERS 
 

1. From your experience, are municipal agencies, like RWRD, most often entering into biogas purchase 

agreements directly with biogas purchasers? Or, are they selling their gas to a 3rd party who then 

markets the gas to the users and/or distributors? 

 

At this point in time, there are few models from which a structured agreement may be 
based.  In general, each agreement is unique and each arrangement is specific to the location 
of gas production, the utility in the region, the demand for the gas, the overall driver for the 
project and other specifics which are particular to the individual project.  For instance, there are 
two WWT facilities which are directly injecting the gas into the local distribution natural gas 
system and the buyer is the LDC.  One of these, however, is looking for a better return on 
investment and is seeking other buyers of the product.  However, in other instances, 
biomethane is introduced at the level of the transmission company and taken to the owner.  At 
present, there are few (documented) dedicated buyers (3rd party buyers) within an LDC network.  
However, there have been dedicated buyers using the transmission network.  Marketers of gas 
will engage producers through the transmission system, as they broker gas from a variety of 
sources and suppliers.  Direct sale is also possible, if the buyer does not exclusively use 
marketers.  Transmission companies have been used in these instances as well.  It depends 
upon the driver for the sale and each sale may be driven by different factors.   
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2. What do you see as the market trend for biogas? More demand or less demand? To what degree do 

politics drive the demand for biogas? What is the trend in the political drivers for biogas use? 

 

The primary driver for the demand of all alternative products for natural gas is the price of 
natural gas.  The price of natural gas is at an all-time low and domestic production has 
increased dramatically over the past 2 years, with predictions of new production coming from 
the Marcellus and Utica shale deposits. As well, the price of natural gas has been deregulated 
over time. Most LDCs across the US are allowed a Purchase Gas Adjustment (PGA) which 
accommodates the cost of the product and allows for accurate reflection of the cost of the gas to 
the consumer.  The PGA is adjusted (up or down) quarterly or annually to reflect changes in the 
actual cost of natural gas.  Further, LDCs are allowed to use a portfolio of products to select gas 
products, i.e., spot market gas, long-term contracts, hedges, collars, etc.  Large industrial 
customers and utilities negotiate gas prices individually, with producers or energy service 
companies. 

 The current drivers tend to be more localized and customized.  For instance, there may be 
a driver which includes RPS (Renewable Portfolio Standards).   RNG has been strategically 
placed in the market as a product suitable to fulfill the specific state’s RPS.  An RPS provides 
states with a mechanism to increase renewable energy generation using a cost-effective, 
market-based approach that is administratively efficient. An RPS requires electric utilities and 
other retail electric providers to supply a specified minimum amount of customer load with 
electricity from eligible renewable energy sources. The goal of an RPS is to stimulate market 
and technology development so that, ultimately, renewable energy will be economically 
competitive with conventional forms of electric power. RPS standards vary between states.  For 
instance, the RPS for Arizona is 15% by 2025, New York State is 24% renewable product by 
2013 and California is 33% by 2020 (based on a schedule).   

Therefore, a demand for renewable products which can be converted to “green electrons” 
varies across the United States.  Currently, “green gas” does not enjoy the benefits/incentives of 
“green electrons” unless it is perceived to be directly converted to electricity.  Producers of RNG 
have struggled with lack of support or subsidy, as benefit is awarded to electricity production.   

Biogas is a product suitable for inclusion for credit within the RPS program through the 
conversion to electricity by way of consumption in cogeneration sets, producing both heat and 
electrical power.  This biogas does not need to be cleaned to RNG standards, as specified by 
Tariff language.   However, the biogas entering a Cogen power set should consistently meet the 
fuel requirements for the specific unit and therefore it is often “partially cleaned” to 
accommodate the engine requirements.   

In many cases, the drivers are not “political” but rather a corporate commitment by the Gas 
Company to the state Governor, etc.  Two more important drivers may be encouraging the 
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purchase and use of RNG: “greening corporate image” and “RNG as a transportation fuel – 
green gas”.  With the former example, a corporation or gas company may seek to expand 
corporate image as an environmentally-conscience entity.  Therefore, the buyer may be willing 
to pay a premium for a renewable gas product.  With the latter example, the RNG producer may 
produce the gas for fleet vehicle use/general use.  It is believed that this market will be 
increasing over time, with the advent of longer-haul natural gas/RNG trucks. This may be the 
most important driver for increased RNG purchase, as numerous producers/suppliers enter the 
market to compete in the transportation sector of energy use. 

 

3. What is the range of “prices” that biogas is being sold for? Generally, what percentage of this sales 

price goes back to the original producer of the biogas (i.e. the public agency, like RWRD, who owns 

the publically owned treatment works producing the gas)? 

 

RNG pricing is in a state of flux and is dependent upon the prevailing forces of need, 
supplies, quality, quantity, availability in locale, market opportunity, customer demand, pricing 
and other parameters.  It appears that each situation varies and dependent upon the parties 
involved.  Generally, the gas companies are involved early in the process and negotiations are 
lengthy.  It is recommended that negotiations begin early in the process of RNG development 
between the developer/supplier and receiving Gas Company.    

Pricing for RNG is directly dependent upon the market into which the product will be placed.  
There are numerous markets: out-of-state buyer who needs the product for a specific reason 
(RPS, lack of local availability, etc.), in-state LDCs, in state specific customers, out-of-state 
specific customers, vehicle fuel, etc.  Some prices may be higher than others, as there is a 
specific need.  For instance, in the state of California, there is a need for RNG to supplement 
RPS requirements and there is limited RNG production, due to a number of factors which focus 
on gas quality and risk.  There are 2 companies of interest in the state of California: PG&E and 
SoCal/Sempra.   Previous pricing for current contracts with PG&E have varied between $10 - 
$20/ MMBTU, with rumors of agreements generally at $13/MMBTU for 10 year contracts.  It is 
not possible to verify contract specifics at this time.  Pricing and negotiation of contracts is 
executed (apparently) most successful through conditioning (gas clean-up) companies who 
have had past experiences with PG&E.  Gas quality is of high concern to PG&E but it has not 
been a limiting factor in gas transport to the state. Alternatively, there are opportunities for sale 
without bid with contracts less than 5 years.  SoCal/Sempra will buy gas specifically through 
marketers; PG&E also holds a list of marketers which deal in RNG.  They are making attempts 
at entering the market themselves.   

A limited number of LDCs outside of California engage in offering RNG to their customers 
on their system.  In discussions with developers and RNG project investors, the utilities will 
often conduct a customer survey specific to the interest and willingness of each customer 
household to support (buy) RNG, based upon a price index.  Such surveys have indicated a 
high degree of enthusiasm and acceptance for a premium price on the product up to 15% 
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increase over base rate.  Above this, interest dwindles quickly.  Although this does not 
guarantee that customers will respond likewise when offered the product outright, the natural 
gas industry has been enthusiastic about offering this choice of product.   

Pricing for specific customers (specific companies) cannot be verified at this time.  In 
general, pricing has been quoted at $1.25 above NYMEX.  The terms of the contract dictate the 
price the producer is to receive.  Generally, a volume of gas, at a certain quality, over a certain 
period of time for a guaranteed price is standard for most contracts.  If the gas is going out of 
state, the wheeling fee is either negotiated as part of the contract or is subtracted directly from 
the price of the gas to the customer.   

 

4. What are the most significant factors that influence the sale price of biogas? 

a.    Quantity of biogas sold? 

b.   Variability in biogas production? 

c.    Length of the biogas purchase agreement? 5 years vs. 10 years vs. 15 years, etc? 

d.   Others? 

 

This depends on the buyer of the gas, but without doubt, the quality of the gas is of 
paramount importance.  In any scenario, the RNG will need to enter a pipe (LDC or 
Transmission system).  The selected gas company will require a contract with PCRWRD which 
contains extensive language regarding gas quality.  Often, the gas quality, verification program 
and analytical testing required drives the price of the overall project.  Gas conditioning can be 
quite expensive and gas quality requirement vary.  Depending upon location of receipt station 
and the requirements of the specific line, guarantee of gas quality can be a significant factor in 
overall project success.   

 
Volume of gas produced is the second issue of concern, depending again upon the point of 

injection (LDC or Transmission company).  Transmission companies are less affected by fluxes 
in gas volumes, as an RNG facility does not represent a significant overall volume to their 
system.  LDCs will carefully examine their line for the following: impact to end-users in the 
location, seasonal variances, pipe capacity and other local factors.  Volumes of gas injected to 
the pipe may influence their system and certainly more than Transmission lines.  Gas quality is 
of upmost importance to LDCs, volume is second. 

 
Purchase agreements may be important to the gas company, but are more important to 

PCRWRD, as they dictate the price received for the gas over a length of time.  More contracts 
are approximately 10 – 12 years, but shorter contracts may be available.  The price guarantee is 
the factor in purchase agreements; price of gas fluctuates and receiving a best price over a long 
period of time is the aim.  The California utility PG&E releases (had released) contracts based 
on a bid process; these contracts were for 10 – 20 years.  However, contracts less than 5 years 
avoided the bid process.  Each gas company is different and specific.   
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5. Roughly what percentage of the value of the biogas does the cost of “wheeling” through 

transmission mains represent? What would you expect the percentage range to be for PCRWRD? 

 

Quotes for wheeling of gas using Transmission system is between $1.00-$1.50 per 
Decatherm or 1,000 cubic feet of gas.  Within the Midwest, prices are quoted at $1.25 per 
Decatherm.   It depends on the carrier of the gas and prices for PCRWRD would be similar.  
Contracts with LDCs are specialized and specific to market area. 

 

6. Do purchase agreements typically include a penalty clause for failing to deliver the prescribed flow or 

quality of gas? 

 

Without a doubt, there is substantial language regarding gas quality.  In fact, there will be 
many measures to insure that the RNG is of specific quality, including installation of on-line, 
real-time analytical testing equipment, start-up testing procedures, verification testing 
procedures and lock-out procedures with contingency plans, in the case of off-spec gas.  The 
gas company will have redundant systems on their line.  Depending if the receiver is an LDC or 
Transmission company, the terms vary.  However, gas quality is always of importance.  The 
quality of the gas directly impacts pipeline integrity issues and is therefore viewed critically.   

The cost of the receipt station (the injection point to the line) is negotiated; sometimes the 
gas company will pay for the receipt station, sometimes the producer is required to contribute.  
This is all part of the negotiations.    

Flow of gas is part of the terms of the contract.  If the RNG is going to a Transmission line, 
the gas will most likely need to be pressurized. Other modifications may also be required for 
introduction of the gas to an LDC line.  RNG is produced at a low pressure.  Odorization may or 
may not be required. 

 

7. Are more public agencies moving into the biogas sale market? Will RWRD have “significant 

competition” as it develops its biogas for sale? 

 

Public agencies are investigating the possibility of RNG production and sales, but the 
current price of natural gas has been a barrier to entry.  Again, the drivers are often specific to 
the region and potential customer. Many would be enthusiastic about developing projects in this 
area, but gas prices have been depressed and acquiring specific buyers have been hampered.  
California gas utilities have entered into appealing contracts with out-of-state producers in the 
past, but acceptance of out-of-state RNG may be limited or discontinued under current rulings.  
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Therefore, there has not been much new movement or new sales of RNG into California at this 
time.  Inside observers have not been optimistic about new California rulings in this matter.  
Therefore, alternative buyers and arrangements should be investigated rigorously prior to 
project execution.  The state of California has been pressured to accept “California first” and this 
will directly impact out-of-state RNG to the state.  However and ironically, the production of RNG 
in California has been hampered by very stringent requirements and skepticism regarding 
safety.    

 

8. How would you categorize the biogas buyers (electric service providers, fuel cell owners, others)? 

What are the major differences between these buyer types (biogas quantity, agreement term, biogas 

sale price, etc.)? Is there a particular buyer type that would be most amenable to RWRD’s production 

profile? Explain. 

 

These buyers are all very different.  Basically, RNG which goes to the pipeline network is 
RNG, not raw biogas.  The cost of cleanup is substantial.  Those who BUY ELECTRICTY will 
buy green electrons which are produced when BIOGAS is burned in a generator (Co-gen, etc.) 
and the electrons are sold to the electrical grid.  Electrical companies generally do not buy raw 
biogas unless this is a specific arrangement with a dedicated pipeline network.  Often, a WWT 
plant or landfill will burn the raw biogas for production of electricity which is used at the facility 
only.  Additional electrons may then be sold to the electrical grid.  Raw biogas cannot enter the 
natural gas grid.   

Specific to fuel cell customers, the BIOGAS must again be cleaned to RNG. Fuel cells are 
quite specific with the quality of the gas they are able to accept, with particular regard to 
concentrations of siloxane in the gas product.  WWT gas has historically contained quantities of 
siloxane which fouls fuel cells and cause failure.   

Other specific buyers who are obtaining their gas from the natural gas grid will require gas 
of the historical quality.  This will also be required by the gas company (gas quality 
specifications as terms of the contract). 

Therefore, the decision always starts with the requirements of the end-product, the buyer 
involved and the market in which the project is executed.  Specific RNG developers are highly 
proficient at understanding these markets and have models which estimate ROI.  There are 
many factors but the first step is to investigate the conditions of sale for: electricity generation 
for on-site use (some off-site sales) to the electrical grid or cleanup of raw biogas to go to the 
natural gas grid.  Customers then may pull the gas from the grid for use. 
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9. Is out-of-state biogas eligible for California utilities to meet their requirements under the California 

Renewable Portfolio Standard (RPS)? Is out-of-state biogas transported to California allowed only 

from a specific region (specific states)? If so, is Arizona included in that region? What are the major 

risks of this type of sale agreement? 

 

California utilities possess differing mechanisms and attitudes towards “out of state” 
contracts for RNG.  The California Energy Commission (CEC) had, in October 2011, proposed a 
revision of their Renewable Energy Program, Overall Program Guidebook.  In October, 2011, 
the CEC conducted a workshop to solicit comments on some proposed changes to this 
Guidebook.  The current Guidebook gives Renewable Portfolio Standard (RPS) credit and 
incentives to out-of-state RNG sources.  However, there is a strong effort by a CEC 
Commissioner, the Investor Owned Utilities and a consumer group in CA called “TURN” (The 
Utility Reform Network) to eliminate these incentives.  The justification for this is an attempt at 
“California First” production of RNG; California-produced RNG has been hindered by perceived 
barriers and self-imposed restrictions.  Several California renewable gas developers formed a 
CA Renewable Natural Gas Coalition and carefully planned a strategy for giving comments at a 
public workshop at the end of 2011.  Conclusions specific to planned inclusion of out of state 
RNG are being prepared.  Therefore, the natural gas industry in CA is in flux specific to out-of-
state RNG and additional contracts may be on hold until further clarification of the issue is 
produced.  A draft decision on the revisions to the CEC program was expected in January, 2012 
but has not been produced to date. As mentioned above, inside observers and from interviews 
with those intimately involved with marketing to California yield less than optimistic opinions 
(less than 50/50 that out-of-state gas will be received into the state) (See www.energy.ca.gov, 
under publications or notices – Renewable Energy Program) 
 
 Beyond specific utilities listed below, there may be interest within the Natural Gas 
Vehicle (NGV) market in CA, where RNG is supplementing supplies or is being used de novo.   
 
 It has also been proposed that the California fuel cell market would be a target customer 
for RNG, if the gas was of proper quality and specification.  Specifications for fuel cell 
applications vary and gas quality is often driven by gas source. Typically, there are restrictions 
on hydrogen and sulfur species, but other components are also considered, depending upon the 
source of gas and specific fuel cell requirements.  Often, fuel cell requirements are more 
stringent than general natural gas tariffs with specific components and parameters. 
 
 There are no specific regions from which the RNG may be derived – gas from as far 
away as Minnesota is scheduled to enter the state.  Arizona is eligible, if RNG is accepted into 
the state. 
 
 The driver for sales of gas into California has been the very appealing price.  The risks 
are the same as other projects, including terms of contract and above-mentioned situation.   
 

http://www.energy.ca.gov/
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10. The Self-Generation Incentive Program (SGIP) in California is designed to provide financial 

incentives for the installation of fuel cell equipment utilizing biogas for power self-generation. Will 

the SGIP be modified to accept only California in-state biogas? What kind of impacts will this 

potential change have to an established project? 

The specifics of the SGIP program is most likely affected by the situation with out-of-state 
RNG receipt, as mentioned above.  Decisions have not been made as yet regarding acceptance 
of out-of-state RNG and therefore incentives are not clear at this time. 

 

11. Our understanding is that landfill gas in California is not eligible for use by electric utilities to meet 

their RPS requirements. Is that correct? If so, is California landfill gas anticipated to become eligible 

in the near future? How would that affect the eligibility and demand for out-of-state biogas? 

 

The moratorium on acceptance of landfill gas to the pipeline grid (assuming that it has been 
cleaned properly) is self-imposed by the gas companies in the state.  It is not specifically a state 
mandate.  It stems from the “Hayden Rule” which does not specifically refer to landfill gas but 
rather to the restriction of substances entering the natural gas pipeline grid which are 
considered carcinogenic.  However, California utilities are quite risk adverse and have self-
imposed the ban, despite the fact that gas can be cleaned properly of such compounds.   The 
Hayden Amendment imposes criminal penalties on any entity found using gas products which 
contain carcinogens such as vinyl chloride.  Raw biogas in fact may possess numerous suspect 
compounds, but properly cleaned gas can remove the constituents.   

It is unclear that cleaned landfill gas will be allowed into the pipeline network soon but 
technology advances have produced RNG which is shown to be devoid of compounds of 
concern.  If California-first acceptance of RNG is adopted and landfill gas is deemed to be safe, 
there may be large quantities of locally-produced RNG in the California market (landfills are 
substantial producers of biogas and subsequently RNG).  However, the quantity required by the 
individual gas companies is also unknown at this time. 

 

12. Who are the players (biogas producer, buyer(s), pipeline company(ies), etc.) involved in a typical 

“biogas for sale” agreement in the California market? 

 

In general, the buyer for a California destination is either the gas company itself or to a 
marketer who brokers the gas on behalf of the producer.  However, the RNG will require 
wheeling to the location through a transmission company and will incur this cost.  If a marketer 
is used, the terms of the agreement are negotiated.  Alternatively, the RNG producer may 
respond to a bid for gas (PG&E) or negotiate directly.  SoCal/Sempra buys gas through a 
marketer.   
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13. In terms of contracting terms, including the sale price of the biogas, how would selling to a local 

natural gas utility, such as Southwest Gas, differ from selling to user/purchaser in a premium but 

remote market like California or in another state? 

 

Marketing to a remote buyer involves satisfying the conditions of injection of the gas into 
the local network, despite customer requirements.  Local requirements (gas quality) are of 
paramount important and terms of introduction are discussed at the local level, despite final 
buyer.  This is true of both LDCs and transmission companies, but Transmission companies are 
able to accommodate long haul of gas.  Therefore, selling locally would only involve 
consideration of requirements at a local level versus the both local and distant buyer 
requirement, including hauling and broker fees.   

 

14. How is the development of other renewable energy options (such as solar and wind) anticipated to 

affect the demand for biogas to meet RPS requirements? 

 

See number 2 above for description of RPS.  Solar and wind directly produce electrons and 
are the major force in the RPS market in California.  In fact, the motivation for the current 
proposed rules for out-of-state gas are driven by wind and solar energy producers in California.  
Other situations at the state level may vary, depending upon location.  Natural gas (RNG) and 
electricity are distinctly different markets and drivers for each are different.   

 

15. How would you assess the risk to PCRWRD when selecting the buyer? 

 

In order to assess risk, experienced personnel should be hired and a variety of ROI and 
cost models should be executed.  There are numerous variables which require assessment.  It 
is not specific to the buyer, rather the entire project and all costs involved.  I would advise 
acquiring a reputable developer with experience in RNG production unless internal 
personnel/consultants are able to run risk models with PCRWRD specifics included.  The 
process is lengthy and requires specific information.   

 

16. What is involved in providing “Scheduling, Nomination and Balancing Services”? 

 

Generally, this is not of concern to the producer, such as PCRWRD, and is the 
responsibility of the receiving gas company.  The receiving gas company will wish to control 
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these aspects within their network.  Usually, engineers within the gas company will assess the 
suitability of the line, end-user requirements annually, pipeline capacity, etc.  

  

17. Are there grants, low interest loans, or other incentive programs available to PCRWRD to off-set the 

construction of a biogas cleaning facility? 

 

I am not aware of such direct incentives.  In fact, the industry has lacked in these incentives 
and lobbying in Washington has been directed at incentives for RNG development.  There is 
language introduced to the US EPA for RIN credits (Renewable Identification Number) or 
renewable fuel credits for RNG transportation fuels.  This may be a significant boost to the RNG 
market, as RNG goes towards vehicle fuel application instead of directly against natural gas in 
the pipe.   

 

18. In your experience, is there a need for a financial advisor to assist the gas producer (i.e. RWRD) in 

determining the most economical project delivery method (public vs. private financing; design build 

vs. design build operate; etc). 

 

Yes, this would be extremely beneficial, as financing is very difficult and lengthy.  I would 
suggest obtaining someone who has “walked the road before” – there are a number of 
developers who have secured funding to project and are well aware of the specifics which 
accompany RNG projects. 

 

19. Are there termination clauses typically included in the biogas sale contract? What do they normally 

stipulate? 

  

In my experience, each contract is specific to the buyer.  I am not aware of specific contract 
language – this information is not readily available. 

 

20. How would you go about determining the best project delivery (capital investment) and biogas 

marketing arrangement that would generate the highest return for PCRWRD? 

 

This answer is short – “hire an expert” with experience in the process.  There are a number 
of developers who are expert in this arena, some with the ability to underwrite the project.  The 
variables in these projects are substantial and those who have been engaged in these projects 
find the terms of project can be quite difficult, given present natural gas pricing.  All options 
should be investigated; this takes time and resources.  My advice is to involve the natural gas 
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companies early in the process, as the gas will require a local injection point at a minimum.  
This can be a hurdle if there is insufficient network in the local of the production facility or there 
are issues which do not allow for gas injection at the most proximal point.  Aligning with 
conditioning companies who have had experience in this arena is also very important.    

 

21. What do you consider the best approach for constructing and operating gas cleaning and 

conditioning facilities? Public or Private? Explain. 

 

Gas cleaning and gas conditioning are two terms for the same process.  My 
recommendation is to retain a developer with experience in this area, unless there is sufficient 
resources within PCRWRD to “go up the learning curve” with this difficult business.  There are 
many arrangements available.  Some biogas producers do not wish to become involved with the 
additional burden of technology, etc required for gas upgrade.  Therefore, outside engineering is 
devoted to the project.  Developers may or may not have designated staff, technology, etc.  I 
cannot comment on public or private funding but there are options which may be more or less 
appealing to PCRWRD. 

 

22. From gas marketing perspective what are the pros and cons regarding public financing vs. private 

financing? Explain. 

 

I am not able to answer this question with expertise. 

   

23. Please comment on the possibility of combining the biogas program with a bioCNG program 

(vehicle fuel). Would this have a negative impact on the value of the biogas being sold to a 

purchaser/user in California? 

 

I am not aware of combined programs, but this may be an option in the region of PCRWRD.  
I am not completely clear on the question, but the contracts with gas companies in the state of 
CA are either brokered through a marketer, with specific terms, or directly to the gas company, if 
possible. The contracts are separate.  However, perhaps the purchasing gas company is using 
the gas for vehicle credit or application.  SoCal and San Diego Gas & Electric are members of 
the Natural Gas Vehicles America coalition (a national trade organization) and actively promote 
NGV use and development; therefore, they may be interested in RNG for vehicle fuel 
application.  Pricing differentials may apply. 

 
In general and as mentioned above, the price of natural gas has been a limiting factor in 

returning gains which offset the price of RNG production.   Because of conditioning equipment 
necessary to clean the biogas, analytical equipment necessary for gas quality testing and the 
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need for new transfer stations, the pricing of most RNG projects has not been favorable.  
However, a new and very exciting market for RNG has emerged over the past year here in the 
US, having enjoyed great success in Sweden and other European countries, that of RNG or 
Natural Gas Vehicles (NGVs).  The focus has been a competition of natural gas within the 
transportation sector of energy use.  Within this sector, current sources of transportation fuel 1) 
are subject to substantial increases in pricing over time, 2) are foreign import products, and, 3) 
have impacts to national security in the long run.  Interestingly, many gas companies have 
made corporate commitment to NGVs through fleet transition. RNG-powered vehicles are 
typical in many European countries and are of great public interest.  In Sweden, all public buses 
and fleet vehicles use “biogas” (highly cleaned RNG but term is different in Europe); individual 
consumers may purchase NGV vehicles from Ford, Volvo, Mercedes and Volkswagen.  Many 
fueling stations are at the point of production. Within the US, the country’s largest farm (Fair 
Oaks Farm, Indiana) has installed a network of NGV fueling stations throughout an interstate 
which bisects the state, for fueling of long-haul milk transport trucks.  Interest in this growing 
segment of energy products is growing substantially and is a dominant feature at current biogas 
and RNG conferences and workshops.  A higher premium may be obtained for a competitive 
product to petroleum.  Perhaps the local LDC in the area of Pima County has a corporate 
commitment to NGV’s, discussions along the lines of RNG for NGV use may be very appealing.  
Alternatively, Pima may wish to install a RNG fueling station on-site.   
 
 Boone Pickens is actively partnering with the company Clean Energy, which is aimed at 
advancing the use of RNG into the CNG market.  Clean Energy is currently investing and 
facilitating the development of a corridor of RNG fueling stations along the corridor of long-haul 
dairy tankers throughout the Midwest, on behalf of the country’s largest dairy far, Fair Oaks 
Farm in Indiana.  They are considered an excellent partner in RNG for vehicle fuel application.   

 

24. What are the issues that need to be addressed as it relates to cleaned biogas quality in biogas-to-

pipeline sale projects? 

 

This is a very large topic.  By issues, I am assuming that you are referring to the 
parameters of concern specific to upgrade of biogas to RNG in order to make it suitable for 
pipeline introduction.  Basically, the gas which enters each specific gas company’s 
(transmission/LDC) line is specified by a Tariff which has been agreed upon and ratified by the 
Federal Energy Commission.  Tariffs are historic in nature and are explicit.  Within the Tariff is 
language particular to gas quality; specific gas quality parameters must be met in order for any 
gas to enter the line.  Tariffs vary across the US/North America and by company.  LDCs and 
transmission companies within the locale of Pima possess tariffs specific to their gas in the 
region.  RNG which enters the line in a specific location must meet tariff requirements for natural 
gas for that region/line/company.   

Generally, tariffs include language requiring analytical boundaries of parameters.  Some 
tariffs are more stringent than others.  A list is provided below of typical parameters: 
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- Heating Value 

- Temperature of gas entering the line 

- Hydrocarbon Dewpoint 

- Water Vapor Content 

- Total Sulfur, Hydrogen Sulfide and Mercaptan content 

- Solid Particular Matter 

- Heavy Metal concentrations 

- Hydrogen concentrations 

- Inert and Diluent Gases Total concentration 

 -  Nitrogen 

 -  Oxygen 

 -  Carbon Dioxide 

- Trace Constituent Concentrations 

 -  Siloxanes 

 -  Ammonia 

 -  Higher Organics 

 -  Semi-Volatile and Volatile Compounds 

 -  Chlorinated Compounds 

 -  Bacteria 

 -  Others 
 
Therefore, the chosen conditioning system (the gas cleanup system) must be able to 

remove or condition the gas to the levels required by the specific gas company.  When a gas is 
sold to a buyer at a distant location, the gas must be cleaned to the levels required by the local 
distribution company or Transmission Company into which the gas is injected.  Consequently, 
there will most likely be multiple contracts for gas introduction and transmission to the ultimate 
buyer.   

 
Conditioning technologies for biogas cleanup can be considered to belong to one of four 

categories:   
 

 Liquid Absorption  
 -  Water 
 -  Chemical, such as Amine, etc. 
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 Solid Physical Adsorption  
 -  Pressure Swing Adsorption (PSA) 
 -  Temperature Swing Adsorption (TSA) 

 Membrane/Filter Separation 
 Cryogenic Separation 

 
Each system has advantages and disadvantages, and costs.  Careful selection is advised.  

Some conditioning companies have executed highly successful projects for RNG to the pipeline 
grid.  There are numerous configurations available. 

 
Each conditioning system is required to provide real-time, on-line analytical equipment 

which monitors gas quality continuously prior to injection in to the pipeline network.  
Requirements of this analytical package will be a component of the overall contract with the gas 
company which directly receiving the RNG.  Start-Up programs and Verification programs are 
often required and may be part of the contract for injection to the pipeline network.  Contingency 
plans for off-spec gas are also necessary in most cases.   

 
For further information, please visit my website (www.reethink.net); there are numerous 

articles and reports of interest specific to this subject (listed under Reports). 

http://www.reethink.net/


PCRWRD: System Wide Biosolids and Biogas Utilization Master Plan  
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Results of Financial Risk Modeling of Biogas to RNG Project 
by Raftelis Financial Consultants, Inc. 

 

Section 1    Introduction 
Pima County, AZ (County) Regional Wastewater Reclamation Department engaged Brown and Caldwell, 
DMJ Gas Marketing, REEthink, Inc., and Raftelis Financial Consultants, Inc. (RFC)  (collectively, the 
Project Team) to explore the financial feasibility of a Biogas Upgrading Facility (Facility) and alternative 
delivery approaches for financing, designing, building, and operating the Facility.  The County captures 
raw biogas as a byproduct of the wastewater treatment process.  Since the late 1970’s, the County has 
used biogas to fuel engine-generators for electric power production for use at the Ina Road Wastewater 
Reclamation Facility. However, due to several factors including age and cost of maintenance, the County 
will shut-down this biogas fueled Energy Recovery Facility during the summer of 2012.   As a result of 
the shut-down, the County will flare, or burn, the raw gas.  In recent years, the County has adopted a 
number of environmentally-friendly, or “Green” initiatives, such as Solan, a public-private partnership of 
a solar energy harvesting facility at the Roger Road Water Reclamation Facility. The County has 
identified raw biogas flaring as another area of opportunity to improve environmental stewardship.  As an 
alternative to flaring, the County seeks to clean and convert raw biogas to renewable natural gas (RNG; 
also termed biomethane), a renewable energy source.  The Project Team will examine the process for 
implementation of such a Facility, forecast the financial return of RNG on the natural gas market, and 
evaluate alternative delivery approaches for this project. 

Section 2    Alternative Project Delivery Approaches 
Historically, under the general alternative project delivery methods, many County projects began as 
traditional design/bid/build projects and were subsequently implemented using design/build or 
design/build/operate methods for a variety of reasons.  The most common reasons appear to be the need to 
reduce costs or accelerate schedules.  In the recent past, state or local legislation has prohibited the use of 
alternative project delivery, but this is not the current situation in Arizona where alternative design/build 
project delivery has been successfully employed.  Pima County has had recent experience and success 
with alternative project delivery methods.   
 
Alternative project delivery methods are being considered for the design, build, finance, operation, and 
ownership of the Facility.  Accelerated schedules or reduced costs are not the motivating factors in this 
project; however, alternative approaches are being considered because of the nature of the project which 
ultimately results in the marketing and sale of RNG.  Pima County is considering alternative delivery 
approaches to evaluate the estimated revenue potential of RNG against the inherent risk of such an 
operation.  This project is less capital intensive; instead it combines a process, namely cleaning raw 
biogas to the level of market grade natural gas (biogas upgrading), and a marketing element, selling RNG 
on the natural gas market. 
 
Potential alternative project delivery methods were reviewed and narrowed to two approaches for the 
financing and operation of the Facility.  Since this project is a multi-faceted project including a marketing 
of RNG component, the first approach, the County financed approach, is evaluated in two separate ways.  
The project delivery methods are described in the following sections. 
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2.1 County Financed Approach – Traditional Design/Bid/Build with County Operations 
This structure is the traditional method of project delivery being used successfully for most water and 
wastewater capital projects in the U.S.  This method involves three basic participants: the design 
professional (DP), the general contractor, and the County (the operating agency).  Typically, a sequential 
approach is utilized for the design, construction and operation.  In an attempt to integrate the expertise of 
the three participants, techniques including constructability reviews, operability reviews, and value 
engineering are employed.  Facilities are then operated by County staff. 
 
In the first step of this method, a design professional is retained through a qualifications based submittal 
(QBS) process.  Its responsibilities include determining facility requirements for the County, including 
(implicitly) many of the risk elements of the project.  The design professional is responsible for the 
engineering design of the facility and the development of contract documents for competitive bidding by 
the County.  
 
In the second step, bids are tendered in conformance with the contract documents and the lowest 
responsive, responsible bidder is selected, without negotiations, to construct the facilities.  Either the 
design professional, an independent engineer, or County staff assures that the builder’s performance is in 
compliance with the contract documents and assists in resolving any issues and/or conflicts.  The County 
retains design liability. 
 
Relationships of responsible design/bid/build (DBB) parties are illustrated on Exhibit 1. 
 

Exhibit 1 
Traditional Design/Bid/Build Project Delivery Method 

 with County Operations 
 

 
 
 For this particular project, Brown and Caldwell in association with the natural gas consultants, Dave 
Jones of DMJ Gas Marketing and Diane Saber, Ph. D. of REEthink Inc. advised that the Facility may be 
more of a packaged turn-key facility with relatively little construction on site that would require design 
and construction by sub-contractors.  Therefore, the traditional two-step process of design bid build 
described above may be simplified by the implementation of such a facility. 

 

PCRWRD 

Design 
Professional 

County 
Operations 

Subcontractors 

General 
Contractor 
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The facility may be more expeditiously and effectively designed and built if there is a single entity 
contracted to provide both design and construction services.  The County usually develops performance 
requirements for use in securing a design-builder.  The design-builder contracts directly with 
subcontractors and is responsible for delivery and performance of the project, and specifically assumes 
design as well as construction liability.  Selection of the design-builder is based on the proposal offering 
the best value to the County, in terms of qualifications, technical and business merit, and project costs.  
Independent technical, legal and/or financial consultant(s) may serve as the County’s agent(s) in 
managing the procurement process, establishing performance criteria, and monitoring performance.  A 
conceptual to preliminary design (10 to 30 percent) may be prepared at the direction of the County to 
detail the prescriptive and performance requirements of the project.  The design/build contract is 
negotiated based on a formal Proposal. 
 
This delivery method requires the County to be knowledgeable of its needs and objectives for the project 
and be directly involved in the process.  A key element to success is trust between the County and the 
design-builder, and the opportunity and necessity for the designer and builder to work closely together to 
develop the winning Proposal.  For this method, the design-builder is provided with a description of the 
desired end product.  The design-builder is responsible for developing the detailed design and 
specifications, selection of material and equipment, constructing the Facility, and meeting performance 
requirements. 
 
Relationships of responsible D/B parties are illustrated on Exhibit 2.   
 

Exhibit 2 
Basic Design/Build Project Delivery Method 

 with County Operations 

 
 
 
The County approach is summarized above as either a combination of bids for design and construction or 
a company capable to serve the County in both roles.  The County retains ownership and is responsible 
for daily operation of the facility.  The County will then be responsible to sell the clean natural gas 
product, RNG, on the renewable energy market. 
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2.1.1 Marketing the RNG Product 
The County has determined it will evaluate two delivery approaches for the County financed design, 
construction, and operation of the Facility.  The two are: 
 
 County (Local) 
 County (Regional/National) 

 
As previously stated, this project is unique in that the County is undertaking an entrepreneurial activity of 
either selling the raw biogas or a clean, renewable natural gas product (RNG).  Under the first set of 
delivery approaches, the County retains control over the whole operation and will sell the RNG, locally or 
regionally/nationally. 
 
County (Local) 
This alternative delivery approach will involve a DBB or DB process in which the County will oversee 
the design and construction of the facility and the County staff will operate the facility.  The County will 
clean the raw biogas to the market grade natural gas and sell the product in the local renewable energy 
market to either local vendors or buyers.  The County would hire a Full Time Equivalent (F.T.E.) 
employee to market and sell the natural gas in or around Pima County, most likely within the state of 
Arizona.  The County would retain all revenue after wheeling fees were paid to transport the RNG 
through local transmission lines. 
 
County (Regional/National) 
The County (Regional/National) alternative delivery approach is very similar to the County (Local) model 
in that the County owns and operates the facility.  However, the major difference between these models is 
how the County markets the RNG.  Under this approach, the County would enter into a contract with a 
nationally reputable third party broker who sells the RNG in a regional or national market.  In return, the 
third party retains a portion of the revenue from the sale of the RNG. 

2.2 Private Financed Approach – Design/Build/Finance/Own/Operate 
Design/Build/Finance/Own/Operate (DBFOO) method is a method in which a private corporation has 
complete control over the design, construction and operation of the facility.  The private corporation will 
own the facility and any other assets involved.  The facility will be built on property owned or leased by 
the company, not by the County.  For this delivery method, the project is financed by the DBFOO entity.  
Independent technical, legal and/or financial consultant(s) may serve as the County’s agent(s) in 
managing the procurement process, establishing performance criteria, and monitoring performance. 
 
The DBFOO contract, as the tax beneficial owner, will depreciate the project and contribute equity, which 
will reduce the amount of debt needed to finance the project.  As a tradeoff, the contractor will own the 
project when the service contract expires, and the County must thereafter purchase or rent the facilities at 
fair market value if it wishes to continue to receive service from the facility. 
 
Relationships of responsible DBFOO parties are illustrated in Exhibit 3. 
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Exhibit 3 
Design/Build/Finance/Own/Operate Project Delivery Method 

 

 
 
Ordinarily under a Design/Build/Finance/Own/Operate, the County would pay the private company a 
monthly charge for providing the public service the County has chosen to privatize.  However, since this 
project does not provide a public service, and is instead an entrepreneurial activity, the private company 
will agree to take the captured raw biogas and will most likely pay the County a particular amount for it, 
as measured in Million British Thermal Units (MMBTU). 
 
The County will have no direct bond or debt service liability.  For the purpose of this analysis, it is 
assumed that if the contractor fails to take the County’s biogas, the County can terminate the service 
contract, in many cases with the project ownership reverting to the County without cost.  The potential for 
such a provision could take the place of a service contract guarantee by the contractor. 

2.2.1 Marketing Raw Biogas Product 
The third alternative delivery approach described above assumes the County will enter into a long-term 
contract with a private company to supply it raw biogas for a fee per MMBTU.  The private company will 
finance the design and construction of the Facility.  The company will own (or lease) the land and all 
assets related to the Facility and the company will operate the Facility with their own staff.  It is assumed 
that the company will pay the County for the biogas, clean it, and then sell the RNG in a regional or 
national market.   

2.3 Summary of Alternative Delivery Approaches 
For this financial and risk analysis, the County is considering three alternative delivery approaches. 
 

1.) County (Local) – Facility is County built, owned, operated and financed; County markets/sells 
RNG locally 

2.) County (Regional/National) – Facility is County built, owned, operated and financed; County 
partners with third party to market/sell RNG in a regional or national market 

3.) Private – Facility is built, operated, financed, and owned by private entity; private entity 
markets/sells RNG in a regional or national market 
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These three approaches have been evaluated based on cost, risk, and revenue potential.  The next section 
presents the financial assumptions and baseline analysis. 
 

Section 3    Baseline Analysis 

3.1 Financial Model 
The financial model was developed in Microsoft Excel® and incorporated the design and construction 
costs as well as estimates of the annual O&M costs for the RNG Facility. In addition, an important 
component of the model for this project was the revenue projections, generated by forecasting the value 
of RNG in the natural gas and renewable energy market. The model was used to calculate a baseline 
present value of life cycle costs for each delivery model and was also used as a platform to perform risk 
analyses. 

3.1.1 Capital Costs 
Capital costs are based on the Facility costs developed during the study. The estimate for size, cost, and 
production was developed by Brown and Caldwell, with input from the natural gas consultant team of 
Diane Saber, Ph. D. of REEthink, Inc. and Dave Jones of DMJ Gas Marketing. The costs associated with 
alternative project delivery models have been adjusted to reflect inherent differences in the way projects 
are delivered under each method. Primarily, the difference stems from the relationship of public and 
private capital structures and cost of capital. Exhibit 4 shows the capital costs associated with each 
delivery method: County (Local), County (Regional/National), and Private. 
 

Exhibit 4: 
Annual Capital Costs 

 

 

The design and construction cost of the Facility is $8.81 million.  Due to the limited size of the capital 
investment and its specific characteristics, no efficiencies were assumed for any of the delivery 

County  (Local) County  (Rgn./Ntl.) Private

Facility  Design and Construction (a) $8,810,000 $8,810,000 $8,810,000

One-Time Connection Fee (b) 150,000 150,000 150,000

Total Upfront Capital Costs $8,960,000 $8,960,000 $8,960,000

Amount Financed $8,960,000 $8,960,000 $8,960,000 (c)

Interest Rate 3.50% 3.50% 4.7 5%

Cost of Equity 15.00%

Annual Debt Serv ice Costs $7 7 7 ,953 $7 7 7 ,953 $594,091

Sinking Fund for Repair & Replacement 17 5,000 17 5,000 17 5,000

Return on Equity 0 0 403,200

Total Annual Capital Costs $952,953 $952,953 $1,17 2,291

(a ) Ba sed on  est im a tes fr om  Br ow n  a n d Ca ldw ell.

(b) Th e con n ect ion  fee a ssu m es con n ect ion  to Sou th w est 's distr ibu t ion  sy stem .

(c) Th e m odel a ssu m es a  Pr iv a te Cor por a t ion  w ill fin a n ce 7 0% of th e ca pita l costs a n d pr ov ide 3 0% equ ity .
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approaches.  The County will have to pay a fee to connect to Southwest Gas’ distribution and 
transmission system, regardless of approach; Southwest Gas does not currently have a “gas supplier” 
arrangement like what is envisioned for this project and when asked could not provide an estimate for this 
connection fee. Therefore, an allowance of $150,000 was use to acknowledge this cost to the project. This 
allowance is over and above the cost of metering gas flow and gas quality monitoring – these costs are 
included in the Facility Design and Construction costs. Together, these items result in total capital costs 
of $8.96 million. 

Both County approaches assume 100% debt financing at a tax-exempt rate of 3.50% for a term of 15 
years, which results in annual debt service payments of $777,953.  Although there are few similar 
transactions available for comparison purposes, it is likely that a private company would finance some 
portion of its investment with equity, particularly if it’s also utilizing a third party lending institution. For 
the purpose of this analysis, it has been assumed that the private company finances 70% of its investment 
with debt at a taxable rate of 4.75% for a term of 15 years. This results in annual debt service payments of 
approximately $594,091.The remaining 30% of the investment is funded with equity at a 15% rate of 
return.  This results in an additional $403,200 in annual cash needs. 

In addition to the financing costs described above, it has been determined that an annual contribution of 
$175,000 will be made into a sinking fund for equipment and facility repair and replacement which has 
been factored into each approach. 

3.1.2 Operations & Maintenance (O&M) Costs 
O&M costs are those expenses associated with the day to day operation of the Facility once complete.  
Like the upfront capital investment, O&M costs for alternative project delivery models are the same.  
Differences are reflected in the financing of the project and the marketing of RNG, but the assumption is 
that the O&M costs are consistent among the three approaches.  Exhibit 5 lists the operation and 
maintenance costs for alternative project delivery methods for fiscal year (FY) 2014.  O&M costs are 
collectively $469,616 for FY 2014, and O&M and energy costs are escalated at 2.28% per year for the 
forecast period. The baseline estimates for inflation were developed by Brown and Caldwell. 
 

Exhibit 5: 
O&M Costs for FY 2014 

 

 

County  (Local) County  (Rgn./Ntl.) Private

Gas Separation Maintenance $7 6,509 $7 6,509 $7 6,509

Hy drogen Sulfide Removal 150,000 150,000 150,000

Gas Sep and Compression Elec 187 ,450 187 ,450 187 ,450

Final Compression Maint 3,982 3,982 3,982

Operator Cost 51 ,67 5 51,67 5 51,67 5

Total Annual O&M Costs (a) $469,616 $469,616 $469,616

General O&M Inflation 2.28% 2.28% 2.28%

Energy  Inflation 2.28% 2.28% 2.28%

(a ) Ba sed on  est im a tes fr om  Br ow n  a n d Ca ldw ell.
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3.1.3 Other Revenue Requirements 
Before summarizing and comparing the total annual revenue requirements, it is important to factor in the 
additional revenue requirements that affect the three approaches. 
 
Natural Gas Cost for Wastewater Reclamation Facilities 
The County’s Wastewater Reclamation Facilities require natural gas for certain aspects of operation.  
Once the Facility is operational, the County could divert a portion of the RNG produced at the Facility for 
treatment plant needs. This practice would result in a cost savings for the County. However, for the 
purpose of this analysis it is assumed that the County will continue purchasing natural gas from the local 
supplier, which has been reflected in our forecast as an additional cost, or revenue requirement.  For FY 
2014, the cost of natural gas for plant needs is $263,931 based on estimated units and factor cost of 
natural gas, assuming the future price quoted on the New York Mercantile Exchange (NYMEX). 
 
Tax Benefit from Depreciation 
Since the private company will take ownership of the Facility, it is entitled to book the annual 
depreciation of the asset which lowers its taxable income.  Based on information provided by the 
County’s outside legal advisors, Hawkins, Delafield & Wood LLP, due to the specialized nature of the 
Facility, which is comprised primarily of equipment that cannot be classified into published accounting 
categories, the majority of it can be depreciated on an accelerated basis of 7 years.  The details of the 
benefit of accelerated depreciation have been documented to the County in a separate correspondence1.  
Assuming a 28% corporate tax rate and 95% of the asset depreciating on an accelerated schedule, this 
results in a reduction of total revenue requirements for the Private model of $426,184 annually over the 
first 7 years of ownership. 

3.1.4 Summary of Revenue Requirements 
Exhibit 6 presents the total revenue requirements for FY 2014 for each alternative delivery method.  The 
County financed approaches have the same revenue requirements of $1.69 million.  The Private approach 
results in $1.48 million in FY 2014.  At first, it appears the private approach is advantageous, resulting in 
a savings of over $200,000 in FY 2014.  However, the $426,184 tax benefit can no longer be applied after 
7 years, at which point, the increase in capital costs, as shown in Section 3.1.1, will result in higher 
revenue requirements for the private model versus the County models.  This behavior is shown 
graphically in Exhibit 7 below. 
 

Exhibit 6: 
Revenue Requirements for FY 2014 

 

 
                                                      
1 Hawkins, Delafield, & Wood LLP. “Federal Renewable Energy Tap Incentives with Respect to Pima County’s Proposed Biogas 
Treatment Project,” April 12, 2012 ( Privilege and Confidential).  It should be noted this was developed under a separate contract 
with the County 

County  (Local) County  (Rgn./Ntl.) Private

Capital 7 7 7 ,953$                        7 7 7 ,953$                        997 ,291$                         
O&M 469,616 469,616 469,616
Sinking Fund for R&R 17 5,000 17 5,000 17 5,000
Tax Benefit (a) 0 0 (426,184)
Natural Gas Cost for Plant Needs 263,931 263,931 263,931
Total Costs $1,686,499 $1,686,499 $1,47 9,654

(a ) A ssu m es pr iv a te ow n er sh ip of a sset  w ill pr ov ide a bility  to cla im  a cceler a ted depr ecia t ion  (7 -y ea r s) a n d r edu ce

 ta x a ble in com e.
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Exhibit 7: 
Annual Cost Comparison 

 

3.2 Forecasting Revenue Potential for RNG 
This project is unique in that a commodity is produced.  Ordinarily the County has a particular cost to 
provide a public service, and therefore, the primary comparison of alternative delivery methods is based 
on the cost to finance, design, construct, and operate a facility.  However, an analysis of the revenue 
potential for RNG for each alternative is essential to fully evaluate and compare the alternatives in this 
project.  The following sections describe the buildup of the analysis to forecast revenues under each 
alternative. 

3.2.1 Premium for RNG 
In the early stages of this project, the initial premise was that the County would be able to enter into a 
long-term contract that would provide a fixed price per MMBTU produced over the life of the contract.  
Certain renewable energy markets, such as California, that potentially provide significant returns for 
RNG, are no longer available due to the current moratorium restricting the use of inter-state RNG for 
purposes of satisfying renewable portfolio standards.   As a result, a new approach for forecasting 
revenues was developed.  Instead of a fixed price return for the County or private company, the revenue 
forecast is based on a premium above the cost of natural gas.  This premium is represented as a 
percentage above the market price of natural gas that buyers or suppliers in the market would pay for a 
renewable source of energy. 
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3.2.2 Market Pricing for Natural Gas 
The concept of a premium for RNG above market price natural gas was introduced in the previous 
section.  Before discussing the specifics, including the assumptions of potential premiums for RNG for 
the alternative delivery methods, it is first important to establish the baseline for the natural gas market.  
Dave Jones, of DMJ Gas Marketing, provided the Project Team with data regarding natural gas futures 
obtained from NYMEX (New York Mercantile Exchange).  Exhibit 8 shows the annual average price per 
MMBTU of the monthly natural gas futures according to the NYMEX 20-year futures index. It is highly 
important to note that the NYMEX table represents only the future price someone is willing to pay 
for natural gas on May 12, 2012.  For the purpose of this analysis,  it was determined that the 
NYMEX index was the best option available to estimate the future price of natural gas, as it 
represents current market forces. 
 

Exhibit 8: 
Market Pricing for Natural Gas 

 

 
    *Monthly average 

3.2.3 Premiums in Baseline Analysis 
The premiums used in this analysis assume there is a market for RNG and that someone is willing to pay 
more than market price for natural gas from a renewable source.  It is assumed for this analysis that the 

NYMEX 20 Year Index for Natural Gas
Year Price per MMBTU
2012 $2.400
2013 $3.351
2014 $3.816
2015 $4.084
2016 $4.327
2017 $4.560
2018 $4.788
2019 $5.031
2020 $5.279
2021 $5.532
2022 $5.791
2023 $6.069
2024 $6.341
2025 $6.610
2026 $6.879
2027 $7.148
2028 $7.417
2029 $7.686
2030 $7.955
2031 $8.224
2032 $8.493



11 

expected premium for RNG will be less in a local market than a regional or national market.  The 
estimated premiums for the baseline analysis for each delivery approach are shown in Exhibit 9. 
 

Exhibit 9: 
RNG Premiums for Each Delivery Method 

 
      

 
 County 

(Local) (b)  
 County 

(Rgn./Ntl.)    
 

 Private  

    
  

 
 

Premium Above NYMEX 
(a) 10.0% 35.0% 

 
  

 

35.0% 

    
  

 
 

(a) Premium for renewable natural gas is an annual premium paid above the forecasted NYMEX 20 year Natural Gas Index. 

(b) Premium estimate for RNG for County (Local) Approach is based on memorandum from Diane Saber (REE think). 

 
The estimate for the RNG premium in a local market is based on information provided by Diane Saber of 
REEthink, Inc. As noted in her submittal to the County dated March 9, 2012, the willingness of retail 
customers to pay for RNG is typically up to 10-15% of the base rate for natural gas.  It has been assumed 
that the primary incentive for customers in a local market is for environmental stewardship, and their 
willingness to pay would be similar to a retail customer.  Through discussions with Diane Saber, Dave 
Jones of DMJ Gas Marketing, and Brown and Caldwell, the County (Regional/National) and Private 
approaches are estimated to bring in a premium of 35% above the going price for natural gas.  The basic 
premise behind this estimate is that a regional/national market provides more potential options in terms of 
demand for RNG, such as for the purpose of meeting  Renewable Portfolio Standards (RPS; in states 
other than California) or other renewable energy credits. It is important to note that 35% appears to be a 
conservative estimate, but it is intentional.  While there is some indication in the market suggesting 
premiums significantly higher than 35%, the Project Team could not reference an existing contract 
specifically that sufficiently warranted a higher end premium, so the project team determined it was more 
prudent to be conservative. 

3.3 Costs Affecting Revenue Potential 
The premium and market price of natural gas are not the only factors that affect the projected revenue.  
Additional factors that are discussed in more detail in the following sections include: 
 

• Units of raw  biogas produced 
• Shrinkage 
• Wheeling 
• Marketing and administration 

3.3.1 Marketable Units of Renewable Natural Gas 
Capturing biogas for processing is expected to yield 226,904 MMBTU of RNG in FY 2014 based on 
estimates from Brown and Caldwell. This output is estimated to increase by 2.75% annually.  
Unfortunately, not all units (MMBTUs) will arrive for sale at the contracted destination.  Transporting 
natural gas through the pipelines results in Shrinkage, or a loss of some units. The greater the distance, the 
greater loss of units.  Dave Jones of DMJ Gas Marketing advised that Shrinkage would result in a 1.00% 
reduction of units for the County (Local) approach and 5.00% for the County (Regional/National) and 
Private approaches (these are rough, representative estimates and would likely vary with distance and 
complexity of the transmission systems used to transport the gas).  This effect is presented in Exhibit 10. 
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Exhibit 10: 

RNG Projected Shrinkage in FY 2014 
 

 

3.3.2 Wheeling Costs 
The County or Private approaches are based on selling RNG to local, regional, or national buyers.  To 
transport the natural gas to prospective buyers, the County or private company will make use of pipelines 
and systems in the intermediary to deliver to the final destination.  As a result, the County or private 
company will pay a fee per MMBTU, called a wheeling charge, for use of the system.  The wheeling 
charges were estimated by Dave Jones of DMJ Gas Marketing (these estimates are representative only; 
actual charges would be the result of negotiations with transmission companies).  The assessed charges 
are estimated at $0.10 per MMBTU for the County (Local) model and $0.70 per MMBTU for both the 
County (Regional/National) and private approaches.  This is presented in Exhibit 11. 

3.3.3 Marketing and Administration Costs 
Another component factored into the revenue potential of the facility is the cost of marketing and 
administration of the sale of the RNG.  This cost is represented as a percent cost per unit.  For both 
County approaches, it is assumed that the County will hire a qualified professional to oversee the process 
of marketing and sales of RNG which translates into the 7.5% marketing/administration component, 
shown in Exhibit 11.  The Private approach is estimated at 5.0% per MMBTU by recognizing an 
efficiency that assumes the private company already has personnel in place and can market and sell the 
gas for a reduced cost compared to the County approaches. 
 

Exhibit 11: 
Premium, Wheeling, and Marketing/Admin Costs 

 

 
County (Local) County 

(Rgn./Ntl.) Private 

    
Cost of Wheeling (per MMBTU) (c) -$0.10 -$0.70 -$0.70 
Cost of Marketing/Admin (d) -7.5% -7.5% -5.0% 

    (c) The estimates for Cost of Wheeling for the approaches are for FY 2014 only,  provided by Dave Jones (DMJ Gas Marketing  

Consultants, LLC).  The estimates are escalated annually using the energy escalation factor of 2.28% per direction from Brown 

 and Caldwell.  

   (d) The Costs of Marketing/Administration for the approaches are based on the estimated level of F.T.E. 

 

County  (Local) County  (Rgn./Ntl.) Private

Gross # of Units in FY  2014 (a) 226,904 226,904 226,904
Estimated Shrinkage (b) 1 .00% 5.00% 5.00%
Net # of Units in FY  2014 224,635 215,558 215,558

Annual Increase in Production 2.7 5% 2.7 5% 2.7 5%

(a ) Nu m ber  of u n its der iv ed fr om  r ev en u e est im a tes.

(b) Est im a te pr ov ided by  Da v e Jon es (DMJ Ga s Ma r ket in g  Con su lta n ts,  LLC).
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3.4 Baseline Results 
The baseline results are examined and compared as Net Present Values (NPV) of life cycle costs and 
revenue.  The annual cash flows are discounted to present value terms using a rate of 6.0%. The rate of 
6.0% was used as a proxy to estimate the County’s weighted average cost of capital. Specifically, the 
6.0% discount rate provided a reasonable level of dilution in future cash flows consistent with the 
potential uncertainty and risk in developing the projections in this analysis. The sum of the annual values 
yields the NPV for each alternative delivery approach. 

3.4.1 Results from Baseline Analysis 
Exhibit 12 below presents the results of the baseline analysis. It should be noted that using the 
assumptions described above, all options result in a positive net present value.  The Private approach has 
the highest NPV of $3.5 million.  The County (Regional/National) has the second highest NPV of $2.8 
million, and the County (Local) approach resulted in the lowest NPV of $1.8 million.  The results are 
presented in Exhibit 13. 
 

Exhibit 12: 
Net Present Value (NPV) Comparison 

 
 

Exhibit 13: 
Baseline Analysis 

 

 
 County (Local)   County 

(Rgn./Ntl.)    
 

 Private   

    
  

   Premium Above NYMEX 10.0% 35.0% 
   

35.0% 
 

        
    

  
   NPV Comparison 

   
  

   
20 - Year NPV (a) $1,760,757  $2,836,530  

 
  

 
$3,544,428  

 
    

  
   

    
  

   

        (a) A discount rate of 6.0% is used for the Net Present Value calculation. 
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3.5 Observations 
Two key observations are important to note as a result of the baseline analysis. 
 
 The break-even weighted average price per MMBTU is lower than the premium weighted average 

price per MMBTU and is lowest under the County (Local) approach. 
 While all three approaches result in a positive baseline NPV, the analysis shows negative present 

values, or cash flows, in the early years of the project. 
 
These observations are discussed in detail below. 

3.5.1 Break Even Analysis 
The break-even price is the result of the analysis to determine the minimum weighted average retail rate 
the County or private company would have to sell the gas over the forecast period to cover the capital, 
operation, and maintenance costs.  Exhibit 14 shows the break-even prices per MMBTU for each 
approach, compared to the weighted average prices based on the premium used in the analysis.  Finally, 
recalling the NYMEX index for future natural gas pricing, the average price per MMBTU weighted using 
the units of this analysis is $6.32.  This is significant in that the break-even price per unit for the County 
(Local) approach is actually below that of the weighted average NYMEX market price for natural gas.  
However, because of the cost of wheeling and additional loss of production volume due to shrinkage, the 
County or private company under the County (Regional/National) and Private approaches, respectively, 
would need to earn a price per MMBTU above the weighted average NYMEX market price for natural 
gas to ensure a revenue-neutral or cash positive result. 
 

Exhibit 14: 
Break Even Prices and Premium 

 
 

      
 

 County 
(Local)  

 County 
(Rgn./Ntl.)    

 

 Private  

    
  

  
Unit Rate Comparison 

   
  

  
Premium Above NYMEX 10.0% 35.0% 

 
  

 
35.0% 

Retail Unit Rate (per 
MMBTU) (a) 

$6.95  $8.53  
 

  

 

$8.53  

    
  

  
Break Even Comparison 

   
  

  
Break Even Retail Rate (b) 

(per MMBTU) 
$6.25  $7.35  

 
  

 

$7.09  

    
  

  

       (a)Weighted Average Unit Rate over 20 year forecast. 
(b) Break Even rate of natural gas based on NYMEX pricing = $6.32 

       

3.5.2 Annual Present Value Analysis 
Exhibit 15 shows that assuming the premiums above NYMEX used in the baseline analysis results in 
negative present values for the County over the first several years.  Even though the 20 year NPV is 
positive, the County, in both County financed approaches, would bear the deficits in the early years.  The 
private company under the Private approach would also experience negative present values in the early 
years, but this approach and analysis assumes the County would not be exposed to negative cash flows.  



15 

The Private approach assumes the County would not enter into a contract that resulted in the County 
paying a Private company to take the raw biogas. 
 

Exhibit 15: 
20 Year NPV for Each Delivery Method 

 

 
 

Section 4    Risk Analysis and Results 

4.1 Risk Assessment and Analysis 
To facilitate additional comparison of expected project life cycle costs under each delivery model, the 
financial model was enhanced to incorporate risk.  Specifically, the model was used to calculate a 
baseline, previously discussed in section 3, and a risk adjusted present value of life cycle costs for each of 
the delivery methods under consideration. This section describes risk analysis, how it was implemented, 
and the risk adjusted results. 
 
Identifying and quantifying risks helps the Project Team to understand the true nature of the risk involved 
in a particular project and to thoroughly consider all events that could impact the project through the 
procurement phase, the design and construction phase, and the operations phase. 

4.1.1 Benefits of Risk Assessment 
Conducting the risk assessment process in a consistent manner among all alternative delivery approaches 
provides the project team with an objective opportunity to evaluate and compare different approaches. 
 

County  (Local) County  (Rgn./Ntl.) Private

2013 ($7 33,918) ($7 33,918) ($940,841)
2014 (509,829) (486,202) (27 7 ,403)
2015 (417 ,921) (388,151) (188,847 )
2016 (336,632) (302,041) (111 ,87 7 )
2017 (262,267 ) (223,548) (42,092)
2018 (193,419) (151,047 ) 22,144
2019 (126,634) (80,495) 84,947
2020 (63,416) (13,690) 144,440
2021 (3,444) 49,7 22 (46,7 39)
2022 53,338 109,7 82 20,835
2023 109,204 169,150 87 ,355
2024 160,452 223,442 148,341
2025 207 ,559 27 3,203 204,37 0
2026 251,294 319,319 256,368
2027 291,837 361,983 304,553
2028 635,597 7 07 ,621 7 41,7 11
2029 652,929 7 26,599 7 60,657
2030 668,540 7 43,639 7 7 7 ,636
2031 682,523 7 58,844 7 92,7 55
2032 694,965 7 7 2,315 806,115

$1,7 60,7 57 $2,836,530 $3,544,428
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 Effective Risk Assessment and Analysis can lead to: 
− Better selection of strategic objectives and associated targets as a result of risk 

identification, analysis, evaluation, and monitoring process; 
− A shared common understanding of objectives and the way opportunities can be 

harnessed;  
− The identification of each party’s tolerance of risk; 
− A balance between risk responsibility and ability to control that risk; and 
− Better informed financial decision making on scenarios or options. 

4.1.2 Mitigation of Risks 
After the primary risks have been identified and studied in detail, it is possible to determine ways to 
mitigate risks.  Depending on the alternative delivery approach selected, the risks can potentially be 
mitigated or it may be decided that the County is willing to undertake some or all of the risks. 

4.1.3 Risk Analysis Tool 
Using Crystal Ball® risk analysis software, the financial model was used to analyze the financial and 
economic impact of the risks that were determined to be quantifiable.  The probability distributions were 
developed from RFC’s experience and several discussions with the Project Team. Crystal Ball® uses 
Monte Carlo simulation applied to the probability distributions to generate a range of probable risk 
adjusted present values of life cycle costs for each project delivery model that was analyzed.  Monte Carlo 
simulation is a risk analysis technique that uses probabilistic inputs to generate a range of probable 
outcomes by running multiple trials of a model.  In this case the probabilistic inputs were the probability 
distributions representing the likelihood and consequences of the quantifiable risks and the range of 
probable outcomes are the range of present value life cycle costs under each delivery method. 

4.2 Risk Identification and Assessment for the RNG Facility Project 
One of the primary issues to address when examining which project delivery option is the best suited for 
the Facility includes identifying the risks inherent with each method. 
 
A list of the risks identified for this project includes: 
 
 Public Interest rate 
 O & M inflation 
 Capital Investment 
 Capital Repair & Replacement 
 Private Interest Rate 
 Premium for Renewable Natural Gas 
 County Return from Approaches involving third party sales contracts 

4.2.1 Quantifying Risks 
The risks identified above were quantified by assessing the low end and high end percentage with the 
most likely value being the value assigned in the baseline analysis in Section 3.  Exhibit 17 shows the 
baseline value for each risk under each approach and the range from low to high.  These values and 
ranges are incorporated into triangular risk probability distributions.  A generic example of a risk 
probability distribution is shown in Exhibit 16.   After the risks for the project have been identified and 
quantified, as shown in the table, it is then possible to compare alternatives using risk analysis, described 
in the previous sections. 
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Exhibit 16: 

Interpreting Crystal Ball 
 

 

 
 

95% 99% 103% 106% 110%

g  ( )Risk X

Lowest Case Highest CaseMost Likely  Case
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Exhibit 17: 

Risks for the Biogas Cleaning Facility Analysis 

 

 

Risk Assessment

Risk Variable County Delivery (Local) County Delivery (Rgn./Ntl.) Private Delivery

Value Range Impact Value Range Impact Value Range Impact
Low High Low High Low High Low High Low High Low High

FINANCIAL
Interest rate - Debt Series 1 3.50% 90% 140% 3.15% 4.90% 3.50% 90% 140% 3.15% 4.90%

Interest rate - Private Debt Series 1 4.75% 90% 140% 4.28% 6.65%

O & M

General O&M Inflation 2.28% 90% 125% 2.05% 2.85% 2.28% 90% 125% 2.05% 2.85% 2.28% 90% 125% 2.05% 2.85%

Energy Inflation 2.28% 90% 200% 2.05% 4.56% 2.28% 90% 200% 2.05% 4.56% 2.28% 90% 200% 2.05% 4.56%

Sinking Fund for R&R  ($000s) $175 90% 110% $158 $193 $175 90% 110% $158 $193 $175 90% 110% $158 $193

CONSTRUCTION

Cost of Construction ($000s) $8,960 95% 115% $8,512 $10,304 $8,960 95% 115% $8,512 $10,304 $8,960 95% 115% $8,512 $10,304

NATURAL GAS MARKET

Premium for Renewable Natural Gas 10% 0% 150% 0.00% 15.00% 35% 0% 250% 0.00% 87.50% 35% 0% 250% 0.00% 87.50%

COUNTY RETURN

County's Portion of NPV 75% 33% 133% 25.00% 100.00% 75% 33% 133% 25.00% 100.00%
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4.3 Risk Sensitivity 
While all of the risks listed in Exhibit 17 contribute to the potential variability of costs or revenue in this 
analysis, the financial sensitivity, or impact, of some risks are greater than others.  The risks listed in the 
first three categories affect the cost component of the project and the last two risks apply variability to the 
potential revenue.  Overall, the risks associated with cost have little influence on the results in comparison 
to the risks associated with revenue.  This observation is based on two premises: 1) the cost of the capital 
investment and annual operation and maintenance is relatively low, and 2) the cost estimates have a more 
accurate basis from historical and current costs associated with a project such as this, meaning there is a 
lesser degree of variability in the cost projections.  Conversely, there is much greater variability 
associated with RNG revenue potential because of market volatility and uncertainty.  Therefore, the 
Premium and County Return risks account for nearly all of the overall risk and are described in more 
detail below. 

4.3.1 Premium for Renewable Natural Gas 
The range of probabilities applied to the risk associated with the premium price of RNG above the 
NYMEX had the greatest impact on the Net Present Values among all approaches.  This made intuitive 
sense because that variable largely drives the revenue generated, which in turn determines whether or not 
this project will produce any value.  Additionally, the premium had the highest degree of uncertainty of 
all the risks, evidenced by the ranges of probability, which happen to be the largest ranges for any 
variable, particularly in the County (Regional/National) and Private delivery approaches. 
 
In each delivery alternative the low-end value of the RNG premium is zero, which means the projected 
revenue is based on the NYMEX futures price for natural gas only.  Since it has been assumed in the 
County (Local) approach the prospective buyer of RNG would be incentivized to promote environmental 
stewardship, the high-end value for the RNG premium is limited to 15%, which is the typical threshold 
identified by Diane Saber for retail customers with “green” motivation.  However, due to a much larger 
potential market, both the County (Regional/National) and Private approaches assume a high-end 
premium of 87.5%, which is not unreasonable based on input from the County’s natural gas energy 
consultants. 

4.3.2 County Realized Return 
The NPV, or values of life cycle costs, of the alternative delivery approaches for this project for the 20-
year window serve as the primary basis of evaluation and comparison. In the baseline analysis the value 
of the project was determined from the perspective of the respective financing approach.  In other words, 
the initial values for the County financed approaches represent the maximum value of the project for the 
County.  The Private approach analysis determines the potential value for the Private Company, not the 
County.  However, to accurately determine and compare the value, additional analysis must be done for 
the County (Regional/National) and Private delivery approaches. This is achieved by incorporating a risk 
varying the potential return for the County, shown at the bottom of Exhibit 17. 
The County (Regional/National) model assumes the County will enter an agreement with a third party to 
market and sell the RNG product.  In return, it is expected the third party will receive a portion of the 
revenue for their services.  Referring to Exhibit 17, for the risk analysis it is assumed that the most likely 
outcome will be that the County will share 25% of the NPV with the third party and retain 75% of the 
value of the project.  The low-end County return is 25% and the high-end return is 100%.  Similarly, it 
has been assumed that the County will retain 75% of the value from the Private approach with a low-end 
of 25% and a high-end of 100%. This is in addition to the private company’s 15% return on equity 
already accounted for in the baseline and risk assumptions. The County’s potential realized return is 
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incorporated into the risk analysis to reflect the inherent uncertainty, particularly in a regional/national 
sale model with a third party provider, of how much value, or “return”, the County will retain related to 
the Facility, whether it is selling raw biogas or RNG. 
 
The results for the County (Regional/National) and Private approaches, presented in the next section, 
reflect the potential value for the County, as a result of the County Return risk variable.  In other words, 
the third party share of profits in the County (Regional/National) model and the private company’s 
additional retained value in the Private model are taken into consideration in the risk analysis.  This 
allows for an accurate comparison of the approaches. 

4.4 Results Using Risk Analysis 
Results from the risk analysis are in the form of broad distributions of outcomes based on Monte Carlo 
simulations of the probabilities of the various risks.  Exhibits 18, 19, and 20 are graphical representations 
of the potential Net Present values after incorporating the risk adjusted variables.  In each Exhibit, the 
mean net present value or value of life cycle costs is identified.  The comparison of the results is 
presented graphically in Exhibit 21, which represents an overlay of all three NPV distributions.  The 
results are also presented in the table in Exhibit 22. 
 
The comparison of the mean NPV after the risk analysis is beneficial in that it shows the County (Local) 
value significantly decreases from the baseline as a result of the risk analysis.  The County 
(Regional/National) and Private decrease moderately from the baseline, and overall the Private approach 
afforded the highest estimated revenue potential for the County. 
 
An additional analysis and comparison was conducted on the risk adjusted results.  Upon inspection of the 
results for the County financed approaches in Exhibits 18 and 19, there are trials that result in overall 
negative Net Present values.  An important relationship for the County is to know the certainty above 
$0.00, or the certainty that the project will be a cash positive endeavor.  According to this analysis, the 
certainty above $0.00 is 90.5% for the County (Local) approach and 86.0% for the County 
(regional/National) approach.  The Private approach is based on a different situation.  First introduced in 
Section 2.2, the County provides raw biogas to a private company under the Private approach.  The 
private approach assumes that the County will never enter into an agreement that would require the 
County to pay the private company to take the raw biogas.  Therefore, the Private approach will never 
result in negative value for the County, which is an important transfer of risk captured under this delivery 
option. 
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Exhibit 18: 
County (Local) 

 

 
 
 

Exhibit 19: 
County (Regional/National) 
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Exhibit 20: 
Private 

 

 
 
 

Exhibit: 21 
Comparison 
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Exhibit 22: 
Results after Risk Analysis 

 
 

Section 5    Study Recommendations 

5.1 County Financed Versus Private Financed 
Exhibit 23 provides a summary of the key findings of this project when comparing the County financed 
approaches and the Private financed approach. 
 

Exhibit 23: 
Summary of Key Findings 

 

 

 
 County (Local)   County 

(Rgn./Ntl.)     

 

 Private  

    
  

  
BASELINE MODEL 

   
  

  
NPV Comparison 

   
  

  
20 - Year NPV (a) $1,760,757  $2,836,530  

 
  

 
$3,544,428  

    
  

  
RESULTS AFTER RISK ANALYSIS 

  
  

  
NPV Comparison 

   
  

  
20 - Year NPV (a) $887,748  $2,013,145     

 
$2,561,981  

    
  

 
 

Probability for 
Profitability    

  

 
 

Certainty above 
$0.00 

90.5% 86.0% 
 

  

 
100.0% 

       (a) A discount rate of 6.0% is used for the Net Present Value calculation. 

    

County Financed Approaches Private Financed Approach 
Facility/Operation/Sales 

 County has full control over assets, 
operation and sale of RNG 

 County transfers risks related to operation 
and sale of RNG to Private company 
 

Advantages for the County 
 County has most flexibility for sale and uses 

of RNG 
 County should never lose money in this 

venture 
 Highest risk adjusted NPV 

 
Disadvantages for the County 

 County is responsible for debt service and 
operating expenses regardless of health of 
RNG market 

 County’s involvement is limited to 
negotiated contract  
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5.2 Study Recommendations 
The Recommendation based on the discussions, risks, and results of the analysis is that the County should 
explore a turn-key private financed delivery option.  This approach appears to maximize revenue potential 
while minimizing risk to County.  The County should pursue a contract that requires, at a minimum, for a 
private partner to take the County’s raw biogas at all times. 
 
Results of the Private analysis that support the adoption of the Private delivery approach are: 
 

- Private approach has the highest NPV in both the baseline and risk adjusted analysis. 
- County has no exposure to negative value, based on assumed contractual language. 
- County has less exposure to the volatility of the natural gas market. 
- County can continue to focus primarily on its core service, i.e. treating wastewater. 
- Risk analysis has highlighted the broad uncertainty of forecasting the value of RNG, particularly 

as it’s predicated on receiving a premium above the NYMEX future price of natural gas; 
therefore, the private option helps to mitigate this risk. 

- Quantitative and qualitative risk/benefit analysis shows the potential cash flows of this endeavor 
includes significant uncertainty; therefore, the private option mitigates this risk by allowing the 
County to only enter into an agreement if the revenue potential to the County is positive. 
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333 East Wetmore Road, Suite 165 

Tucson, Arizona 85705 

Tel: 520-624-5744 

Fax: 520-791-2738 

 

 

Prepared for:   Pima County Regional Wastewater Reclamation Department (RWRD) 

Project Title: Systemwide Biosolids and Biogas Master Plan 

Project No.: 140380 

 

Purpose of Meeting: Review Biosolids and Odor Control Options For Green Valley Water 

Reclamation Facility (GVWRF) 

Meeting Location: Public Works Building, Third Floor Conference Room 

Date:  August 8, 2011 

Time:  9:00am – 11:00am 

Minutes Prepared by: Gary Newman 

 

Attendees: 

PCRWRD 
Mike Gritzuk Jing Luo Jackson Jenkins Prakash Rao 

Mike Kostrzewski Eric Wieduwilt John Warner Houssam Eljerdi 

John Sherlock Tim Mason Ken Weber  

BROWN AND CALDWELL (BC) 
Mark Poppe Gary Newman   

GORDLEY DESIGN GROUP 
Alice Templeton    

 

cc: Ken Vest, Brown and Caldwell 

Mark Robinson, Brown and Caldwell 

Perry Schafer, Brown and Caldwell 

Steve Wilson, Brown and Caldwell 

 

Attachments: PowerPoint slides; GVWRF alternatives scoring spreadsheet. 

 

NOTE: Action items are noted in bold. 

Summary 

Gary Newman provided opening remarks and explained that this workshop was focused specifically 

on GVWRF alternatives because in previous workshops, time did not permit discussion of GVWRF. 

Gary stated the objectives of alternatives development for GVWRF were to 1) substantially eliminate 

odor complaints from residences near the plant; and 2) produce biosolids products compatible with 

local biosolids markets. Not stated on the slides, but understood by the attendees, was also the 

objective to consider life-cycle costs in evaluating alternatives. 
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Three alternatives were developed, evaluated and presented during the workshop: 

• Alternative 1: Improved aerated solids holding tanks, followed by greenhouse dryers. 

• Alternative 2: Aerobic digestion to Class B followed by greenhouse dryers. 

• Alternative 3: Unclassified sludge hauling to Ina Road Water Reclamation Facility (WRF). 

The PowerPoint slides presented during the workshop are included with these minutes. The following 

is a summary of the questions, comments and discussions from the workshop. 

Have we considered MagnaGro as an option for GVWRF? They conducted a pilot trial at GVWRF 

using about 8 tons of biosolids. They are currently working with USEPA to get a site specific Process 

to Significantly Reduce Pathogens ( PSRP) approval of this process. 

Members of the BC team have met with MagnaGro to hear their presentation. We have not included 

MagnaGro as an alternative for consideration at this time because it has not been demonstrated 

beyond a pilot scale (though it was demonstrated at GVWRF). Consequently, we did not consider this 

option as viable for full-scale application at GVWRF. We expect MagnaGro to submit a response to 

the Request For Expressions of Interest. We can consider MagnaGro at that time if directed by Pima 

County. 

In describing each alternative, Mr. Newman provided the following clarifications: 

 Each alternative includes odor control for the gravity belt thickener (GBT) and belt filter press 

(BFP) area, plus the solids holding tanks/aerobic digesters. 

 A biofilter was assumed for odor control. 

 Solids holding tank improvements include more robust aeration to maintain aerobic 

conditions and provide mixing within the tanks. 

 It is assumed that solids concentrations within the holding tanks will be maintained below 

2 percent total solids (TS) in order to avoid auto-thermal heating of the contents and 

associated odor production. 

 For alternatives 1 and 2, the ability to divert slurry after the GBT, slurry from the solids 

holding tank, and dewatered cake from the BFP would be included. 

 For alternative 3, the BFP would be retained, but used only when hauling to Ina Road WRF 

was not possible or desirable. 

 Dried biosolids from alternative 1 are assumed to be Class B, provided testing was 

conducted to confirm. 

 Dried biosolids from alternative 2 are also assumed to be Class B; we believe that Class A 

biosolids could be achieved from this alternative but only if 1) biosolids are allowed to dry to 

approximately 90 percent TS (not recommended due to dust and product handling 

concerns), and/or 2) extended storage (several months) is provided, under cover of 

enclosed, which would add costs to this alternative. 

 Solar greenhouse dryer costs include odor control. 

 Alternative 3 assumed hauling solids all the way to Ina Road WRF, not to an upstream 

manhole. Trucked slurry would be discharged upstream of the thickening process at Ina 

Road WRF. 

Could the hauling costs for alternative 3 be reduced if the solids are discharged to a manhole 

upstream of Ina Road WRF? 
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Yes, hauling costs would be reduced, but this will be substantially off-set by the cost of treating these 

solids (including the associated organic and nitrogen load) through the liquid treatment process at 

Ina Road WRF. Also, there may be conveyance and/or odor issues with dumping these solids into an 

upstream manhole. 

Solids from the biological nutrient removal oxidation ditch (BNROD) consist of waste sludge and 

scum. The scum is pumped very thin (low TS). Is there a way that scum flow could be reduced to 

reduce the number of aerobic digester tanks? 

Our assumption is that all solids from the BNROD are thickened and maintained at 2 percent TS in 

the aerobic digesters. This would include scum. So in effect, the answer to the question is “yes” the 

scum can be combined with the rest of the waste sludge so that the total sludge flow is within the 

2 percent TS parameter. But our conceptual aerobic digester design has already taken this into 

account. 

Is solar greenhouse drying the only option for achieving Class A biosolids from GVWRF? 

No. Experience has demonstrated Class A can be achieved in the current open air drying beds, and 

BC believes Class A could be achieved reliably with sufficient turning of the solids during drying 

(daily), and sufficient storage of the dried product prior to distribution. However, this has proven to 

be problematic due to unstabilized solids being placed in the drying beds, difficulty in keeping up 

with turning, re-wetting of partially dried and partially stabilized biosolids, and the resulting release of 

odor and vectors (flies). Given these issues and constraints, continued use of open air drying similar 

to current operation is not considered viable. 

Also, thermal drying could achieve Class A; however, the product will be over 90 percent TS, and 

could be difficult to handle and could have dust issues. Also, thermal dryers, even at a small scale, 

are energy intensive. 

Comments on the life-cycle costs included the following: 

 Labor for alternative 3 should assume one full-time employee just for driving trucks to and 

from Ina Road WRF.  Life-cycle costs will be re-run assuming one full-time driver. 

 It would be useful to estimate the costs for each alternative assuming build-out of GVWRF to 

4.0 million gallons per day (mgd) through the BNROD process. Life-cycle costs will be 

estimated assuming a 4.0 mgd GVWRF BNROD. 

The alternative scoring spreadsheet was reviewed and discussed. See attached for the final 

completed spreadsheet scoring from the workshop. The following are major discussion points from 

the spreadsheet scoring process: 

 Ability to stage improvements over time and compatibility with alternative delivery were 

eliminated as criteria as they were judged not to be applicable. 

 The importance of cost (capital, annual, and life-cycle) were emphasized in the assignment of 

weighting criteria (all 5). 

 The reliability of being able to move GVWRF biosolids off-site to beneficial use (alternatives 1 

and 2) or disposal (alternative 3), and the vulnerability of each alternative to changes in 

biosolids product outlets was discussed at length. The group decided that though the 

ultimate disposition of the biosolids were different between alternatives, they were 

equivalent in terms of reliability, and therefore, were scored the same. 

 Odor control was assigned a high weighting factor. It was noted that all alternatives were 

equivalent in that all odor sources were contained, foul air collected and treated through 

odor control. Alternative 3 was ranked highest because it has the fewest sources of odor. 



PCRWRD: Green Valley Water Reclamation Facility August 8, 2011 

 

 4 

Mtg Min 080811 GVWRF.docx 

Alternative 2 was ranked lowest because it would produce the greatest volume of foul air for 

treatment. 

 Alternative 3 was ranked highest, due largely to the lower life-cycle costs. 

It was also noted that alternative 3 provides the added benefit of consolidating RWRD’s biosolids 

management at one location – Ina Road WRF. If/when RWRD decides to implement Class A 

biosolids, it would be more cost-effective to do this at one location. 

It was noted that another positive feature of alternative 3 was that it does not preclude RWRD from 

implementing a greenhouse dryer at GVWRF in the future should RWRD elect to do so. A trigger for 

this could be significantly higher hauling costs – see sensitivity discussion below. 

Further, it was noted that the cost of alternative 3 may be reduced if truck fuel is biogas cleaned for 

vehicle fuel (see Workshop 4 notes for discussion of Ina Road WRF biogas utilization alternatives). It 

was noted that the truck could conveniently re-fuel at Ina Road WRF before or after discharging 

hauled solids to the Ina Road WRF solids treatment processes. 

The sensitivity of each alternative’s life-cycle cost ranking to various cost factors – electricity costs, 

labor costs, hauling costs, and capital costs – was considered and discussed. It was noted that the 

relative ranking of alternatives changes only if hauling costs increase by about 75 percent over the 

current estimated costs. 

It was decided to move forward with alternative 3 for GVWRF biosolids and odor control 

improvements. 



Pima County Regional Waste 
Water Reclamation 
Department

August 8| 2011

System-Wide Biosolids and Biogas Utilization Master 
Plan  - Green Valley Alternatives



• Over-arching objectives:

• Eliminate odor complaints

• Produce biosolids products compatible with local 
biosolids markets

• Alternatives:

• Aerobic digestion to Class B followed by greenhouse 
dryers

• Improved aerated solids holding tanks, followed by 
greenhouse dryers

• Unclassified sludge hauling to Ina Road WRF

Green Valley WRF – Practical Alternatives 
Focused on Objectives

2



• Alternative 1: Improved aerated sludge holding 
followed by solar greenhouse dryers
• Includes re-furbished sludge holding tank

• Includes new odor control for GBT, BFP, sludge holding tank 

• Includes odor control on greenhouse ventilation exhaust 

• Alternative 2: Aerobic digestion and solar greenhouse 
dryers
• Includes modifications to sludge holding tanks and new 

aerobic digesters

• Includes new odor control for GBT, BFP, aerobic digesters

• Includes odor control on greenhouse ventilation exhaust 

Alternatives (from Workshop 2) 

3



• Alternative 3: Unclassified sludge hauling to Ina Road 
WRF

• Includes re-furbished sludge holding tanks

• Includes odor control for GBT, sludge holding tanks

• Includes thickened sludge truck (tanker) loadout

• No GVWRF biosolids beneficial use directly from GVWRF; all 
solids to Ina Road WRF

Alternatives (added since Workshop 2) 
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Alternative 1 - Schematic
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Alternative 2 - Schematic
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Alternative 3 – Schematic
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Alternative 1 – Site Plan
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Alternative 2 – Site Plan
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• Solids production from BNROD – 5600 dry lbs/d

• All solids leaving GVWRF greenhouse dryers will be Class B, 
however Alt. 1 will require testing of dried product to confirm 
Class B.

• Solids holding tank and aerobic digesters: solids concentration 
maintained near 2% TS to avoid auto-thermal heating and odor 
production

• Solids holding tank and aerobic digesters covered and ventilated 
to odor control

• GBT and BFP enclosed and ventilated to odor control

Design Criteria for Planning Level Evaluation -
GVWRF

10



• Aerobic digesters sizing:

• Based on 18 deg C minimum temperature

• GBT bypass to maintain inventory concentration at 2%

• Freeboard in tanks provides buffer ahead of dewatering 

• Greenhouse dryers:

• Relied on vendor sizing criteria (Huber, Helliantis)

• Each greenhouse provided with forced ventilation through odor 
control

• Some limited product storage prior to distribution

Design Criteria for Planning Level Evaluation 
GVWRF, con’t
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• Construction costs:

• Raw costs estimated from vendor quotes plus planning 
estimate of supporting facilities

• Mark-ups assigned to raw costs:

• 10% Contractor mark-up

• 7% misc mark-ups (insurance, bonds, start-up)

• 25% contingency

• 6% sales tax

• Aggregate mark-ups – 56%

Life-cycle Cost Comparisons – Major 
Assumptions

12



• Life-cycle costs (LCC) expressed as present worth

• LCC extended through 2030

• 3.25% discount rate used (per Pima Co.)

• Unit costs– current from Pima Co. 

• Labor - $68,900/yr including fringe

• Power - $0.10/kw-hr

Life-Cycle Cost Comparisons – Major 
Assumptions, con’t

13



Life-Cycle Cost Comparisons - GVWRF
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Cost Component

Alt 1: 
Improved Aerated holding and

solar greenhouse dryers
 

Alt 2: 
Aerobic digestion and solar

greenhouse dryers
 

Alt 3: 
Haul unclassified solids to 

Ina Road
Capital: (dollars)

Aerated sludge holding $340,000 $2,234,000 $340,000

Odor Control $356,000 $671,000 $336,000
Solar dryer $5,745,000 $5,095,000 --
Misc site work & electrical $1,893,000 $2,164,000 $190,000
Tanker Trucks -- -- $900,000

Total (dollars) $8,334,000 $10,164,000 $1,786,000

Annual Cost: (dollars per year)

Power a $44,500 $253,800 $32,900

Labor a $36,700 $41,400 $67,000

Hauling:

To beneficial use $24,800 b $18,700 b --

To Ina Road WRF -- -- $316,000 c

Processing at Ina Road WRF -- -- $92,000 d

Total (dollars) $106,000 $314,000 $508,000

Present worth, life-cycle costs 
(dollars)

$9,654,000 $14,037,000 $8,050,000

a – Power - $0.10/kw-hr; Labor - $68,900/yr – (given $33.12/hr)
b – Includes hauling at $3.50/mi, 50 miles roundtrip
c – Includes hauling 4% solids at $3.50/mi, 75 miles roundtrip
d – Includes digestion, dewatering/thickening, haul and application



• Alternatives 1 and 2: reducing sludge holding or aerobic digester 
concentration impacts GVWRF dewatering operation

• Alternative 1 relies on drying to produce Class B and VAR 
biosolids:

• Testing of final product required to demonstrate Class B

• Minimal management of sludge holding tank required

• Management of drying process important to achieve Class B

• Alternative 2 produces Class B and VAR biosolids via PSRP:

• Minimal monitoring of final product required

• Management of aerobic digestion process important to achieve Class B

• Minimal management required of drying process

• Alternative 3 eliminates biosolids product management at 
GVWRF

GVWRF Alternatives Evaluation – Key Points

15



• Alt 1: only the dried product is Class B; slurry and cake is 
unclassified

• Alt 2: Slurry, cake and dried product all Class B

• Alt 3: Biosolids product management centralized at Ina Road 
WRF

GVWRF Alternatives Evaluation – Key Points, 
con’t
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Handout and group discussion

Ranking of GVWRF Alternatives
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• Electric Power Costs

• Labor Costs

• Hauling Costs

• Capital Costs

Life-Cycle Cost Sensitivity

18



Electric Power Costs
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Labor Costs
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Hauling Costs
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Capital Costs
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Questions and Wrap-up?
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Li ted d ldi tan and or Li d aerobic digest and or control

      to achieve   Class B 1    must be  3 3      must be  .  5 5 No Class B, therefore no effort 10 10

62 58 67

Evaluation of Green Valley WRF Alternatives
8‐Aug‐11 FINAL WORKSHOP VERSION

Alternative 1 Alterntive 2 Alternative 3

Features
Weighting 
Factor Improved Aerated Solids Holding,  Score Aerobic Digestion,  Score Haul unclassified solids to Ina Road WRF Score Comments
1 to 5 Solar Greehouse Dryers 1 to 10 Solar   Greenhouse Dryers 1 to 10 1 to 10

Features directly impacting PCRWRD

Economic:

   Estimated capital cost to implement, dollars 5 $8,334,000  7 35 $10,164,000  4 20 $1,786,000  10 50

   Estimated annual cost (benefit), dollars per year 5 $106,000  8 40 $314,000  5 25 $508,000  2 10

   Estimated net present worth, dollars  5 $9,654,000  8 40 $14,037,000  3 15 $8,050,000  9 45

Implementation:

   Flexibility (can improvements be staged ove

Limited Recommend

r years) 0

mi . Recomm
control mods fu
greenhouse dry
product quality 

en
ll‐imp
er 

sludge sludg
lemem

can be b
confirmed.

holding tank and odore ho ng  k   od  
tation together. One 

uilt and performance and 
  0 0

Limitedm
full
can
con

Recommend aerobic digestionited. Recommen     ion
‐implementation together. One gree
 be built and performance and prod
firmed. 

and   o
nhou
uct 

odor controld    
se dryer 

quality 
0 0

Small capital investment does not lend itself to 
staging 0 0

   Compatibility with alternative delivery 0
Potential for de
dryers. 

sign‐build, especially for greenhouse 
0 0

Pot
dry

ential for design‐build, especially fo
ers. 

r greenhouse 
0 0 Too small for DB. Maybe contract hauling to Ina 0 0

Reliability of biosolids program

  Disposal Flexibility 2
Only dried prod
use. 

uct is Class B and amenable to beneficial 
5 10

Liqu
and

id, dewatered cake, and dried prod
 amenable to beneficial use. 

uct all Class B 
5 10 No biosolids product from GVWRF 5 10

  Vulnerability to changes in product o
(product flexibility)

utlet options 
2

Ability to haul sl
outlet, but at hi

urry 
gher 

or cak
costs

e to Ina Rd provides positive 
5 10 More diverse Class B product mix reduces vulnerability  5 10

No biosolids product from GVWRF; all product 
outlets via Ina Road WRF 5 10

Impacts on GVWRF operations:

  Monitoring required to achieve stablMonitoring required stablee Class B 1 Drying operatioDrying operationn must be managed 3managed 3 AerAerobicobic digester operation must be madigester operation managednaged.  5 5 No Class B, therefore no effort 10 10

  Operational complexity 4 Relatively simple 6 24 Aerobic digester more complex 5 20 Continual effort to manage inventory and trucking 8 32

  Site impacts 1 Requires more space for greenhouses; less tankage 4 4 Requires space for tankage but less for greenhouses 6 6 Only limited footprint required for odor control 8 8

  Odor control processes 5
Two new proces
greenhouses

ses: for SHT, GBT, BFP  plus one for 
6 30

Two
Alt 

 new processes: for SHT, GBT, BFP  
1) plus one for greenhouses. 

(larger than for 
4 20 One new process for SHT & GB7 8 40

Environmental/Social 

  Greenhouse Gas 1 Dried Product limits truck haul 5 5 Digested, dried product limits truck haul 8 8 Hauling liquid slurry maximizes sludge haul 1 1

  Traffic 1 5 5 8 8 1 1

R S 62Raw Score R S 58 R S 67Raw Score Raw Score

Weighted Score 206 206 Weighted Score 147 147 Weighted Score 217 217

Weighted           Score (minus capital and annual costs) 131 102 157
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Fax: 520-791-2738 
 
 
Prepared for:   Pima County Regional Wastewater Reclamation Department (RWRD) 
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Time:  9:00am – 3:00pm 
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PCRWRD 
Timothy McGarry Jim Doyle Ken Weber Jack VanRiper 
Jaime Rivera Frank Gall Byron McMillan Prakash Rao 
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Mark Poppe Gary Newman   

GORDLEY GROUP 
Alice Templeton    
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cc: Steve Wilson, BC 
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Attachments:  Power point slides presented during workshop 
 
Note:  Text in italics represents comments or questions from RWRD attendees. Other text represents 
responses or comments from Brown and Caldwell or Eric Peterson. 
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Summary 
 
Summary of RFEI Process 
 
Gary Newman provided opening remarks and discussed the response to the Request for Expressions 
of Interest (RFEI) advertized June 27, 2011 by the RWRD. 
 
No comments were made by other participants till slide 15 when it was noted by Mr. Gritzuk that 
biogas as well as biosolids generated a lot of response in the “excellent” RFEI process. 

Biogas 

The 5 biogas utilization alternatives developed and evaluated previously, and discussed in 
Workshop 4, were reviewed. Based on results of RFEI process, and further evaluation with RWRD, 
these were refined down to 3 alternatives (see slide 18). 
 
Alternative A – CHP Using Internal Combustion Engines 
The CHP alternative was explored in the spirit of looking at broad range of alternatives. 
 
A big cost consideration is the need for backup power from Tucson Electric Power (TEP). 
 
The bottom-line is Alt. A is not cost effective and may include much higher capital costs. The only way 
to even consider Alt. A is with a 3rd party who would be motivated to design and construct the facility 
cost effectively. 
 
With Alt. A, would there be a need for an expensive central plant? 
The central plant is the backup for heat source, not power. Effluent could be used for cooling waste 
heat. 
 
For Alt. A. capital costs were calibrated from a CHP project recently bid in Santa Rosa, California. The 
cost there was 9.4 million dollars with full heat recovery including using radiators and that might not 
work here in the summer. Cost for RWRD was bumped up but does the Santa Rosa project provide a 
good data point. 
 
Add a note to the cost summary about ancillary costs such as the cooling system needed. 
 
Are internal combustion engines preferred over turbine engines? 
Yes, in this size range based on projected gas production. 

Air permitting for CHP implemented via a private developer will be challenging but could be 
accomplished. Could likely delay implementation of the project. 
 
If we proceed with shutting down existing powerhouse, we anticipate next permit modification would 
be considered minor and completed in 6 months. 
 
Alternative B – Gas Cleaning for Sale to Premium Markets 
 
Is technology used to clean gas to “pipeline quality” (i.e. for sale to a gas utility) significantly different 
from the technology to condition gas for CHP?  Both gas cleaning systems remove particulates, 
moisture, H2S and siloxanes; gas cleaning to pipeline quality also removes CO2. The technology 
used for gas cleaning to pipeline quality includes moisture removal and siloxane removal. 
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Based on their experience, EDF Trading estimated cleaned gas royalties at $.40 to $.70 per million 
BTU (MMBTU). This could result in $70k to $100k per year to RWRD. This would be a revenue 
stream to RWRD without any capital investment or annual O&M costs. 
 
Alternative C – Gas Cleaning for Vehicle Fuel with Remainder Sold to Local Utility at Commodity 
Prices 
 
The RWRD fleet would only take about 5% of the available gas so the program could be expanded to 
other Pima County departments or sold on the market (e.g. other organizations that operate a fleet of 
vehicles). 
 
How does the local price for biogas compare to national premium pricing? 
National pricing could be 2 to 3 times more. 
 
We spoke to the Davis-Mothan AFB Energy Manager and he said they are paying Southwest Gas 
$9.0 per MMBTU. 
 
Are you narrowing to selling to local utilities because there won’t be enough to sell to national 
markets? Yes for now, but might be changed later based on further input from national biogas 
marketing expert. However, if the biogas vehicle fuel program gets expanded to all of Pima County 
then the percentage of available gas (for marketing purposes) would be further reduced. 
 
Is there a minimum amount of gas SWG would accept from us?  We haven’t asked. However, gas 
pipeline companies are constantly predicting how much gas is flowing and big swings are not 
preferable. If on some days, a few vehicles are being filled, then on other days they are all being 
filled, this will result in inconsistent delivery of gas and that will work against getting a higher price 
for RWRD. 
 
If Alt. C is selected and we limit 5% of the gas for use in the RWRD vehicles, would that take us to 
the Alt. B level and eligible for national markets? Possibly. We would need national market experts to 
answer that question. 
 
What is the cost for a compressed national gas filling station? About a million dollars. We haven’t 
accounted for the cost of replacing or retrofitting vehicles because we have assumed the RWRD 
would gradually replace their current fleet with vehicles that can operate using compressed national 
gas. 
 
If it makes a difference in selling and marketing, we could run the central plant off of natural gas. 

General Comments on Biogas Utilization 
RWRD is willing to flare gas if utilizing biogas beneficially costs RWRD money; the intent is for RWRD 
to benefit economically from biogas utilization. 

Alt. B is the preferred alternative because: 

• It provides the best opportunity for RWRD to benefit economically from biogas utilization. 

• It provides flexibility for RWRD to implement a biogas-to-vehicle fuel program in the future. 

• Relative simplicity in terms of air permitting. 

• Does not compromise attractive power purchase agreement with TEP. 
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Biosolids 

Discussion on Slide 32 – Recommended Pathway to Long-term Reliability – Diversification 
When you refer to Class A (on the chart) does this mean digestion?  No. All proposed diversification 
pathways include anaerobic digestion to achieve Class B solids. Class A digestion is implemented 
only if market and/or regulations require it. 
 
For the category of Class A dried product, could this be Class B product dried to achieve Class A? 
Yes, that is what is intended for this category. 
 
For the other categories based on Class B product, can this be slurry or cake? Yes. 
 
A few RFEI responders proposed alternative means to achieve Class A other than thermophilic 
digestion. These included Magna Flow. Magna Flow has completed pilot tests and have 
demonstrated Class A. It was noted that one of the criteria used in the fatal flaw analysis early in the 
project to cull the world of alternatives down to a shortlist of viable alternatives included the criteria 
that a process must be proven at a scale similar to Ina Road WRF (including WRC solids). Neither 
Magna Flow, nor other proprietary processes from the RFEI responses meet this criteria. However, 
because RWRD does not need to implement Class A now or in the near future, there is time to 
further investigate emerging technologies for potential application at Ina Road WRF. However, for 
this master plan, staged thermophilic digestion is proposed to achieve Class A; in part because it has 
been demonstrated at multiple locations at a scale larger than Ina Road WRF. 
 
How is the category of “New land application sites for Class B product” different than RWRD’s 
current program using John Kai (AvraGro)? AvraGro has access to thousands of acres, way more 
than RWRD will ever need for land application. Developing additional land application sites, under 
RWRD’s direct control, or under the control of another contractor improves program diversity and 
long term reliability. For example, if the Town of Marana banned RWRD biosolids from land inside 
Marana, having already developed lands outside of Marana allows RWRD to continue to move 
biosolids out of the plant (i.e. reliability). But AvraGro has plenty of land outside of Marana; it may 
cost more to haul there but it still is available. This category also is intended to advocate for 
expanding RWRD’s program to contractor’s other than AvraGro (and possibly for RWRD to self-
perform land application), again to promote diversity and reliability. If AvraGro were to “walk away” 
we can get Synagro under contract immediately under an emergency procurement provision. No 
need for RWRD to invest in equipment for land application. 
 
Regarding the category of mine reclamation as a category for expanded biosolids program diversity, 
Jackson Jenkins recounted his understanding of the mining industry regarding tailings reclamation. 
In short, tailings piles are not reclaimed until the company decides to close the tailings piles from 
further use. This happens infrequently, and only once at the end of the useful life of the tailings pile. 
Consequently, he questioned the viability of this as a category for biosolids program diversification 
because it won’t be available most of the time and when it is, it will require more solids than RWRD 
can produce. Further, it was noted that Asarco has been unreliable as an outlet for Green Valley 
WRF biosolids. We will revisit this category with this in mind. Nonetheless, it is recommended that 
RWRD open up a dialogue with FMI to explore this possibility further. Our contact with Asarco 
confirmed and supported RWRD’s poor experience; however, our contact with FMI indicated strong 
interest. We believe developing a relationship with FMI where at least some biosolids may be utilized 
by FMI is a positive step toward long term diversification of RWRD’s biosolids program. 
 
Regarding the category for developing a Class A dried product, the need to invest in a demonstration 
project now was questioned. Why make this investment when the current land application system is 
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cost-effective and reliable? This can be implemented in the future if regulations or public 
perceptions change. The purpose of doing the demonstration project was clarified: 
 

1. We are not proposing to demonstrate the technologies (thermal drying or solar greenhouse 
drying) – these are well proven in the market place. 

2. We are proposing to demonstrate the advantages of the dried product in the local market; 
the objective is producing enough dried product that it can be given away to entities who 
expressed an interest in the product when we conducted our market survey. It was noted 
that several of these potential users stated that they wanted to test the product to confirm 
its benefits in their applications. 

3. By developing these markets now, potential users will likely want more and will base their 
operations on the use of free (or low cost) dried biosolids from RWRD. Once this is achieved, 
RWRD will have a viable market for dried biosolids and by investing in a higher production 
dryer operation, will have a viable alternative to the current one-contractor land application 
program. 

 
The potential to produce a product that could be sold to users was discussed briefly. This may be 
achievable and would help off-set the cost of implementing and operating a dryer process. However, 
once again, the market must be developed in order to achieve this. 
 
On slide 41, it was requested to change the wording in red to the following: “With proactive 
development of a robust Class B program, conversion to Class A may not be required in the 
foreseeable future, unless mandated by a regulatory change.” 
 
Green Valley WRF 
 
The results of the Green Valley WRF (GVWRF) workshop were reviewed, including the 
recommendation to implement wet hauling of thickened unclassified solids to Ina Road WRF for 
treatment and disposal. 
 
Do the capital costs for the wet haul alternative include the cost of new trucks? Yes, 3 new tanker 
trucks were estimated and included. 
 
What do other capital costs include? Odor control, cover thickness, dryer, improvements to holding 
tanks. For Alt.3 (wet haul), includes covering thickeners, improved mixing/aeration in holding tanks, 
and truck load out. . Review the remaining capital costs – they appear to be low. 
 
For wet hauling, how many trucks do we need in a day?  3 to 4 normally. 
 
What percent solids will be hauled to Ina Road WRF? About 4% total solids, but may be thinner due 
to scum flow. 
 
Was anaerobic digestion and land application considered for GVWRF?  Only briefly early in the 
project. It was ruled out due to high capital costs, poor projected performance when operating on the 
type of sludge produced at GVWRF, and no viable use of the small amount of gas produced. 
 
Was green waste composting considered for GVWRF? No, primarily due to the potential for making 
the odor situation worse. 
 
A new option was discussed – implementing a small solar greenhouse dryer at GVWRF in order to 
demonstrate the process and generate some dried product (it was noted that dried product from 
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GVWRF would be different than dried product from Ina Road WRF because the solids to the dryers in 
each case are different). A proposal from one potential greenhouse vendor was discussed – 
approximately 150 DT/day, or about 1/3 of the GVWRF production. Capital cost for this system was 
estimated at about $2.1 million. 
 
If this demonstration scale project were implemented, the belt filter press would need to be covered 
with odor control. Costs to control odors from the belt press were not included in the $2.1 million. It 
was agreed that this should be added if this options moves forward. 
 
What is the plan of operation of the greenhouse dryer? Batch? Continuous? Solar greenhouses are 
designed to operate in a modified continuous mode (i.e. loaded daily or every few days). But at this 
scale it may need to be more batch. Managing greenhouse “loading” with wet haul and other solids 
operations may be awkward. 

Having a small dryer at GVWRF would require another level of staffing, and would complicate 
operations. 

Where would the dried biosolids go for beneficial use? If Ina Road WRF is producing only cake (or 
slurry) then GVWRF would be the only dried product producer at a very small rate. Product 
distribution and management appear to be problematic. The intent of the demonstration scale solar 
greenhouse dryer is to generate some dried product to demonstrate its use and develop interest in 
the product in order to determine whether additional investment in this technology is warranted. To 
accomplish this objective, some additional operational and administrative effort will be required, and 
under these circumstances, product distribution will be more awkward than with a production scale 
facility where outlets for the product are well established. This is inherent in developing viable outlets 
for any new biosolids product. 

It was concluded not to proceed with a small scale solar greenhouse dryer at GVWRF. Wet hauling to 
Ina Road WRF will be retained as originally conceived. 
 
If at some point at Ina Road, thermal drying makes sense, should solar drying be recommended to 
diversity products, one to 75% dried and the other to 90%? Possibly. We recommend that capital 
funding include demonstration scale projects for both thermally dried product and solar dried 
product. 
 
Eric Peterson’s Discussion of Project Delivery Methods 
 
Mr. Peterson summarized the options in tabular form on the white board; this is replicated in Table 1 
below. 
 
TABLE 1 - DELIVERY OPTIONS FOR BIOGAS CLEANING AND SALE 

  
 

Option  1 Option  2 Option  3 

 
1A 1B 

  
3A 3B 

  Integrated  County Integrated County Integrated County 
  Contractor   Contractor   Contractor   
Design Build X   X   X   
O / M X     X X   
Finance X     X   X 
Own X     X   X 

Gas Marketing 
Integrated 
contractor 

Pima Co 
(via broker)   

Pima Co 
(via broker) 

Integrated 
contractor 

Pima Co (via 
broker) 
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The following summarizes major points made during the discussion which Eric led: 
 
Option 1 

• In this option (1A), the only thing RWRD gets is a check, but RWRD makes no capital outlay, 
nor do they incur any operating costs. 

• In 1B, RWRD retains gas marketing, probably through a biogas broker. 
• Question about the solar project, which was DBFOO, and how this compares? Chuck 

Wesselhoft explained that it is similar but differs in some significant ways, not least of which 
is size. 

• The solar project was a ground lease and the County can do that but RWRD can’t because it 
is an enterprise. This impacts where the gas cleaning facility could/would be located and the 
costs. 

• In this option RWRD would know at the end of procurement (i.e. relatively quickly) whether 
the project was economically viable. 

 
Option 2 

• An independent Contractor designs and builds the gas cleaning facility and all else is on the 
RWRD, including price, updates estimates, finance charges and marketing. RWRD would 
continue to update economic model but wouldn’t know cost-effectiveness until design build 
price is received and a purchase agreement for the biogas has been negotiated. 

• Due to the piece meal nature of these delivery activities, RWRD won’t know how cost-
effective the project is until late in the project implementation. 

• In this option, RWRD retains gas marketing, probably through a biogas broker. 
 
Option 3 

• Independent Contractor designs and builds and County finances, owns and markets gas. 
Would have to factor in marketing costs. 

• Marketing is the big variance in the scenarios. 
• This approach could be implemented using either the integrated contractor as the marketer 

(3A) or RWRD (3B). 
 
Other questions or comments: 

• Are there a fair number of firms like EDF? Yes 
• Option 2 provides RWRD with the most flexibility for using the biogas beneficially. 
• Regardless of delivery option, how much flexibility is available to RWRD once a gas sale 

agreement is executed?  Depends on terms – need gas expert to help answer this. 
• Can we get out of the deals?  With 1A and 3A, there is less flexibility and there are breakage 

costs. Breakage costs would be higher with 1A (must pay-off financing) that would be 
negotiated as opposed to 3A (only nominal charge to terminate operating agreement). 

• In Option 1, how does RWRD know they are getting the best price for their gas? Need a gas 
sale consultant. 

• There are issues with IRS 97-13 – incentivizing gas sale. OM has to be fixed price contract 
for tax exempt bonds. Impacts Option 3A. 

• If we finance, is there better control of contract terms?  Yes, we can sign shorter contract but 
still need to recoup money. 
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The current order of preference is: 3B, 2 followed by 1A. Eliminate 3A and 1B 
 
Action items: 

• Eric will check on tax law 97-13. 
• Gary will check on the taxable depreciation and ITC (later it was agreed to contact Raftelis 

Financial Consultants to assist). 
 
The meeting adjourned at 3:00pm. 



System-Wide Biosolids and 
Biogas Utilization Master 
Plan Workshop No. 5 

December 8, 2011 
 

System-Wide Biosolids and Biogas Utilization 
Master Plan Workshop No. 5 



• Review alternatives considered for biogas, 
biosolids, and Green Valley WRF 

• Review process of evaluation leading to 
recommendations 

• Discuss recommendations  
• Establish pathway forward: 

• Delivery of recommended plans 
• Completion of master plan report 
• Next steps toward implementation 
 

Workshop 5 Objectives 

2 



World of Options 

Viable Options 

Shortlisted Options 

Recommended Plan  

Fatal flaw  
screening  

Qualitative  
screening 

Evaluate costs, social, and 
environmental factors  

Biosolids and Biogas:  
Refining Options to a Recommended Plan 

3 



• Introductions: 9:00am – 9:10am 
• Objectives of Workshop 5: 9:10am – 9:20am 
• Summary of RFEI Process, Responses and Follow-up: 

9:20am – 9:50am 
• Biogas – Review Alternatives, Evaluations, and Discuss 

Recommendations: 9:50am – 11:00am  
• Biosolids – Review Alternatives, Evaluations, and 

Discuss Recommendations: 11:00am – 12:00pm 
• Lunch: 12:00pm – 12:45pm  

 

Workshop 5 Agenda 
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• Green Valley WRF – Review Alternatives, Evaluations, 
and Discuss Recommendations: 12:45pm – 1:30pm  

• Review Delivery Options (Eric Peterson):   
1:30pm – 2:30pm 

• Summary of Recommendations: 2:30pm – 2:45pm 
• Wrap-up: 2:45pm – 3:00pm 

 

Workshop 5 Agenda, con’t 
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Overview of RFEI Process 
and Responses  

6 



Companies interested in biosolids management: 

• NEFCO – Biosolids drying, using biogas as primary fuel 

• UTS BioEnergy – Proprietary Omnivore process to enhance 

digestion (biogas production) and create a “fertilizer” 

product 

• Magna Flow – Proprietary process to produce Class A using 

chemical treatment 
 

 

RFEI Responses - Biosolids 
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Companies interested in biosolids management: 

• Max West Environmental – Proprietary biosolids gasification 

to produce energy and stable fertilizer product 

• BYO-GON – Proprietary product to enhance digestion 

• Kruger – Suite of processes for enhanced biosolids treatment 

 
 

 

RFEI Responses – Biosolids, con’t 
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Companies interested in biogas utilization:  

• BioCNG – Vehicle fuel utilizing proprietary gas cleaning process 

• Sexton Energy – Cogeneration, power sale to TEP 

• California Power Partners – Cogeneration, power used on-site 

• EDF Trading – Biogas clean and sale to CA markets 

• CHP Clean Energy – Cogeneration, power used on-site 

• Alcor Energy – Cogeneration using refurbished turbines; power 

used on-site 

• Sierra Southwest – Would buy pipeline quality gas  
 
 

RFEI Responses – Biogas  
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 Companies interested in a biosolids-biogas integrated 
approach: 

• Synagro –  
• No specifics in response 
• Major national contractor in biosolids management 
• Mostly interested in biosolids, but will do biogas utilization 

• Perc Water-  
• No specifics in response  
• Little demonstrated experience in biosolids and biogas  
• Mostly interested in doing Design Build Finance Own Operate 

(DBFOO) with PCRWRD 

RFEI Responses – Integrated Approach 
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RFEI Responses – What Did We Learn? 

 General impressions - Delivery: 

• Many companies (but not all) prefer DBFOO 
• Almost all companies are flexible with respect to other 

delivery methods, e.g. DB, DBO.  
• Generally, the broader the scope the company was willing to 

take-on, the more interested they were in DBFOO 
• Generally, companies willing to do DBFOO were willing to 

take on more risk 
• For DBFOO, the longer the term the better  

(15 years good; 20 years better) 
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 General impressions – Delivery (con’t): 

• For biogas systems, from NTP to operation – 6 months to 1 
year 

• Most companies willing to DBFOO, also willing to take on the 
permitting risk 

 

 

RFEI Responses – What Did We Learn? 
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 General Impressions – Technical: 

• Significantly different perceptions regarding the most 
cost-effective approach to biogas utilization 

• 1.5 – 2.5 MW cogen potential based on 2014 projected 
gas production (varied by company) 

• Several companies advocated biosolids drying; no 
company had done research to identify a market for dried 
product  

• Generally, companies with proprietary solutions have 
relatively few working installations 

 

 

RFEI Responses – What Did We Learn? 
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 General Impressions – Technical (con’t) 

• No company, including cogen and biosolids drying, 
expressed concern about air permitting 

• According to EDF, PCRWRD’s projected gas production is 
at the low end of viability; plan to shave biogas to Central 
Plant and/or vehicle fuel worsens this 

 

RFEI Responses – What Did We Learn? 
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 General Impressions – Other 

• Submittal from Ostara (struvite recovery for marketing as 
a fertilizer) piqued PCRWRD’s interest in side stream 
treatment 

 
 

RFEI Responses – What Did We Learn? 
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Biogas 
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• Alternative 8: CHP using digester gas in new IC engines 
• Alternative 12a: CO2 separation to use for pipeline quality 

gas; use boilers for heat needs 
• Alternative 12b: CO2 separation to use for pipeline quality 

gas; use heat pumps for heat needs 
• Alternative 13a: CO2 separation for pipeline quality gas; 

use some for fleet vehicles; use boilers for heat needs 
• Alternative 13b: CO2 separation for pipeline quality gas; 

use some for fleet vehicles; use heat pumps for heat 
needs 

Initial Shortlisted Biogas Options for LCC 
Evaluation: 
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• Alternative A: CHP using biogas gas in new IC engines 
• Alternative B:  Gas cleaning (including C02 removal) for 

sale to “premium markets”; cleaned biogas used in 
Central Plant for heat 

• Alternative C: Gas cleaning for vehicle fuel, with sale to 
utility as back-up; cleaned biogas used in Central Plant for 
heat 

Final Shortlisted Alternatives   
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Alternative A: CHP Using Digester Gas in New 
IC Engines 
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Alternative B: CO2 Separation for Pipeline 
Quality Gas; Boilers for Heating 
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Alternative C: CO2 Separation for Pipeline 
Quality Gas; Fleet Vehicles; Boilers for Heat 
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• See spreadsheet handout 

Alternatives Comparison 
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• Attractive power purchase tariff from TEP precludes on-
site power generation 

• PCRWRD wants out of power generation “business” 
• 3rd party CHP developer may be delayed by air permitting 
• Positive synergies with biosolids (utilize waste heat) 
• Relative low value of generated power, but… 
• Little volatility in price of power; value will likely go up over 

time 
• Requires negotiations with one “outside” entity - TEP 

 

Key Considerations – Alternative A CHP 

23 



• Potential value of biogas is high in premium markets 
• Premium market pricing may be volatile over time  
• Other uses of biogas may compromise value 
• Least effort in air permitting, but… 
• CO2 may be regulated in future, but… 
• Recovered CO2 may be a marketable commodity 
• Requires most agreements with “outside” entities 
• Provides “foundation” for diversification of biogas 

processing and uses 
• Negative synergies with biosolids  

 

Key Considerations – Alternative B Clean Gas 
and Sell to “Premium” Markets 
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• Potential price received for bioCNG will be low (commodity 
prices) 

• Value of liquid fuel off-set by bioCNG is high; significant savings 
potential 

• Liquid fuel savings not immediate; must “ramp-up” vehicle 
usage over time 

• Potential to expand vehicle usage beyond PCRWRD  

• Least effort in air permitting, but… 
• CO2 may be regulated in future, but… 

• Recovered CO2 may be a marketable commodity 
• Negative synergies with biosolids  

 
 
 

Key Considerations – Alternative C Clean 
Biogas for Vehicle Fuel; Sell Remainder Locally 
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• Provides foundation for future diversification of biogas 
processing and uses 

• Compared to CHP, least problematic in terms of air 
permitting 

• Does not compromise attractive power purchase tariff 
from TEP 

 

Key Advantages of Alternative B – Biogas 
Cleaning and Sale 
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• Alternative B - Clean Gas and Sell to “Premium” 
Markets 

Recommended Biogas Utilization Approach  
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Biosolids 
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• Basecase: Current Class B program with addition of solids 
dewatering as an option to slurry 

• Alternative 1: Conversion to Class A digestion (thermophilic) 

• Alternative 2: Conversion to Class A digestion, followed by 
solar greenhouse dryers 

• Alternative 3: Current Class B digestion, followed by solar 
greenhouse dryers 
 

Shortlisted Biosolids Alternatives: 
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[Separate handout] 
 
• Life-cycle cost (LCC) comparison 

• LCC sensitivity analysis 

• Non-cost evaluation – scoring sheet 

 
 

Summary of Biosolids Alternatives Evaluation: 
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Biosolids Haul Cost Vs Distance 
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Recommended Pathway to Long-term 
Reliability – Diversification  

32 

Current: 
100% 

50% 

0% 

Land Application of  
Class B Slurry 
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Long-term 
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Reliability: 
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* Convert to Class A  
product if external 
triggers require. 

Existing land 
application 

sites for 
Class B* 
product 

New land 
application 

sites for 
Class B* 
product 

Mine 
reclamation 

with Class B* 
product 

Class A Dried 
Product 



• Haul and application - choices: 

• One contractor (least diverse, least reliable) 

• Multiple contractors (more diverse, more reliable) 

• Contractor(s) and PCRWRD (most diverse, most reliable) 

• Operational preference to produce only slurry or only cake, 
not a mixture  

• It will take time to ramp-up dewatered cake (or dried 
product) program 

 

Considerations for Biosolids Diversification 
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Example: Dewatered cake demonstration project  
• Design demo project: 

• Scale 
• Location 
• Application rates 
• Site control 
• Logistics 
• Monitoring and test parameters 
• Duration 

• Consider engaging UA and/or consultant to assist PCRWRD 
in demo project design and initiation 

 

Short-term Actions to Promote Diversification 
and Long-term Reliability 
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• Obtain permits from ADEQ 

• Procurement of haul and application equipment 
(spreaders), or contractor for demonstration project 

• Compile data from demonstration project 

• Application rates 
• Crop yields 
• Soil testing 
• Costs for haul and application 

• Move to full-scale operation 

Similar process for mine reclamation and dried product  

 

Short-term Actions to Promote Diversification 
and Long-term Reliability, con’t 
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• Consider demonstration scale thermal dryer to produce dry 

product for market development 

• Depending on results of demonstration, consider replacing 
with production scale dryer in future 

 

Thermal Drying – Alternative to Solar 
Greenhouse 
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 Types of dryers (in order of product quality): 

• Drum dryers 

• Belt dryers 

• Indirect hot oil paddle dryers 

 Product quality defined in terms of particle size, weight, 
dustiness 

 All dried product is Class A 

Thermal Drying – Alternative to Solar 
Greenhouse, con’t 
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Demonstration scale dryer: 

• Smallest size belt dryer 4 DT/day (24 hours) 

• Operate 4 hrs/day, 5 days per week to produce 150 
DT/year of product (approximately 250-300 cu yards or 7 
truck loads) 

• Energy demand – 1540 MMBTU/year (less than 1% of 
cleaned gas production in 2014) 

• Estimated $6000/year power consumption 

• Estimated Belt Dryer capital cost (rough) - $4 million  

 Note: small hot oil dryer may be available for lease 

Thermal Drying – Alternative to Solar 
Greenhouse, continued 
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Production scale dryer: 

• Assume dryer capacity = 25% 2030 annual biosolids 
output  – 15 DT/day (5585 DT/year); 10,000 cu yd/year 

• Max size for belt dryer – 15 DT/day 

• Energy demand – 67,000 MBTU/year (24% of cleaned gas 
production 2030) 

• Estimated $119,000/year in elec power consumption 

• Estimated capital cost (rough)  - $8 million 

 
 

Thermal Drying – Alternative to Solar 
Greenhouse, con’t 
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Potential Conversion to Class A Product 

40 



Potential Conversion to Class A Digested 
Product 

• Long-term, only if market demands 

• Class A digestion: 

• Leverages current investment in digesters 

• Retains current biosolids outlets  

• Consider implications to biogas utilization 

 NOTE: With proactive and robust development of diversified 
Class B program, conversion to Class A may not be required 
in foreseeable future 
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Green Valley WRF 

42 



Over-arching objectives: 
• Eliminate odor complaints 

• Develop plan compatible with system-wide plan for 
biosolids management 

 

Green Valley WRF – Practical Alternatives 
Focused on Objectives 
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 Alternative 1: Aerobic digestion to Class B followed by 
greenhouse dryers 

 Alternative 2: Improved aerated solids holding tanks, 
followed by greenhouse dryers 

 Alternative 3: Unclassified sludge hauling to Ina Road 
WRF 

 

Alternatives Considered 
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• Alternative 1 relies on drying to produce Class B and VAR 
biosolids (100% GVWRF production): 
• Testing of final product required to demonstrate Class B 
• Minimal management of sludge holding tank required 
• Management of drying process important to achieve Class B 

• Alternative 2 produces Class B and VAR biosolids via PSRP 
(100% GVWRF production): 
• Minimal monitoring of final product required 
• Management of aerobic digestion process important to 

achieve Class B 
• Minimal management required of drying process 

• Alternative 3 eliminates biosolids product management at 
GVWRF 

 
 

GVWRF Alternatives Evaluation – Key Points 

45 



 Alternative 1: only the dried product is Class B; slurry and 
cake is unclassified 

 Alternative 2: Slurry, cake and dried product all Class B 

 Alternative 3: Biosolids product management centralized at 
Ina Road WRF 

GVWRF Alternatives Evaluation – Key Points, 
con’t 
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Cost Component 

 
Alt. 1 

Improved aerated holding 
and solar greenhouse 

dryers 

 
Alt. 2 

Aerobic digestion and solar 
greenhouse dryers 

 

 
Alt. 3 

Haul unclassified solids to 
Ina Road 

All costs in 
thousands 
of dollars 
 

2.0 mgd 4.0 mgd 2.0 mgd 4.0 mgd 2.0 mgd 4.0 mgd 

Capital costs 8,600 16,000 10,000 18,000 2,000 3,600 

Annual costs 
O&M 

81 146 295 498 148 259 

Hauling 25 50 19 37 316 631 

Processing at Ina Rd. WRF -- -- -- -- 92 185 

Total Annual Costs 106 196 314 536 556 1,075 

Present worth life-cycle costs 9,900 18,000 14,000 24,000 9,000 17,000 

Life-cycle Cost Comparisons - GVWRF 
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Sensitivity - Hauling Costs from GVWRF  
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• Non-cost evaluation – scoring sheet [Separate handout] 
• Recommended Plan – Alternative 3 - Unclassified sludge 

hauling to Ina Road WRF, and 
• Retain hauling of thickened unclassified sludge from other 

Sub-regional facilities 
 
 

 

Summary of GVWRF Alternatives Evaluation 
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Consider  

• Small scale greenhouse dryer for a portion of GVWRF 
biosolids production 

• Remainder of solids wet hauled to Ina Road WRF   
 (per Alt 3) 

Objectives 

• Try-out solar greenhouse technology at small scale 
• Off-set cost of hauling to Ina Road WRF 

Upon further review…. 
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• Size: 42 ft by 108 ft, not including storage 
• Processing capacity: up to 150DT/year (340 cu yd/year) 
• Class B product; Class A achievable with on-site storage 
• Equipment costs (quote from), including odor control: 

$729,000 
• Estimated installed cost: $2.1 million  
• Double the capacity for approximately $500K added cost 
 

Solar Dryer Estimates  
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• Include small scale solar greenhouse dryer at GVWRF?  
Or 

• Retain Alternative 3 (wet haul) as configured?  
 

 

Decision Required 
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Eric Peterson, Hawkins, Delafield and Wood 

Project Delivery Options 
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Alternative Delivery Methods  
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• DBB = Design Bid Build 
• DB = Design Build 
• DBO = Design Build Operate 
• DBFO = Design Build Finance Operate 
• DBFOO = Design Build Finance Own Operate 



Summary of 
Recommendations 
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Biogas: 
• Implement gas cleaning for sale 
• Plan for future implementation of vehicle fueling using 

bioCNG 
Biosolids: 

• Begin planning for diversification of biosolids products 
and outlets  

• Plan for small scale thermal dryer to use biogas as fuel 
• Plan for conversion to Class A digestion in future, if 

required. 
 

Summary of Recommendations 
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Green Valley WRF: 
• Implement modifications for wet haul of solids, with odor 

control improvements 
• Plan for small scale solar dryer for GVWRF 

Related: 
• Evaluate alternatives for, and implement, recycle stream 

(centrate) treatment for Ina Road WRF 
 

Summary of Recommendations, con’t 
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• Draft to PCRWRD for review – late January 

• Final Report to PCRWRD – 2 to 3 weeks following 
receipt of comments on draft 

Completion of System-wide Biosolids and  
Biogas Master Plan Report 
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Questions?  
Closing Remarks? 
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201 East Washington Street, Suite 500 
Phoenix, Arizona 85004 
Tel: 602-567-4000 
Fax: 602-567-4001 
 
 
Prepared for:   Pima County Regional Wastewater Reclamation Department (RWRD) 
Project Title: Systemwide Biosolids and Biogas Master Plan 
Project No.: 140380 
 
Purpose of Meeting: Workshop 6 – Biogas Market Evaluation and Financial Model 
Meeting Location: WESC – Radon Room 
Date: April 13, 2012 
Time: 9:00 am – 4:30 pm 
Minutes Prepared by: Gary Newman 
 
Attendees: 

PCRWRD 
Timothy McGarry Jim Doyle Eric Nelson Jack VanRiper 
Jaime Rivera Frank Gall Mike Kostrzewski Prakash Rao 
Houssam Eljerdi Jing Luo Jackson Jenkins John Sherlock 
Eric Wiedwilt Chuck Wesselhoft Kenny Shelor  

BROWN AND CALDWELL (BC) DMJ GAS 
Gary Newman  Dave Jones  

CH2M HILL  REETHINK 
Alan Forrest  Diane Saber  

GREELEY & HANSEN HAWKINS, DELAFIELD AND WOOD 
Jerry Bish Fernando Sarmiento Eric Peterson (phone)  

JACOBS RAFTELIS 
Mike Dinapoli  Harold Smith Bart Kreps 

 
cc: Eron Jacobson, BC-Seattle 
 Jim Schettler, BC Walnut Creek 

Summary 
 
Definitions:  The following are definition of terms used in these notes: 

• Biogas: Raw gas produced from the anaerobic digesters that has not been cleaned or 
conditioned in any way. 

• Biomethane or Renewable Natural gas (RNG): Biogas upgraded to pipeline quality. 
• BioCNG: RNG compressed and used for vehicle fuel. 

 
Workshop Objectives: 

• How does recent California Energy Commission (CEC) moratorium on biogas for renewable 
portfolio standards (RPS) impact PCRWRD and draft plan to upgrade biogas and sell 
biomethane? 
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• With the California premium market on hold, where should PCRWRD look to get the 
maximum return for our biomethane? 

• How can BioCNG for vehicle fuel be developed to improve value PCRWRD receives for 
biomethane? 

• What is PCRWRD’s role in developing a biogas-to-biomethane-for-sale project? 
• What is the optimum delivery method for biogas related facilities? 
• What are the key risk factors with which to test the sensitivity of preliminary decisions 

regarding biogas utilization? 
 
Consultant Team:  For this workshop, the consultant team included subconsultants to Brown and 
Caldwell, who each brought specialized knowledge and experience relevant to the objectives of the 
workshop, and the biogas portion of the project. The consultant team is summarized below: 

• Gary Newman – Brown and Caldwell (BC), Project Manager 
• Dave Jones – DMJ Gas Marketing Consultants – currently working in natural and RNG market 

in California. Retained by PCRWRD, through BC, to provide insight into California market for 
RNG. 

• Diane Saber – Ph.D., REEthink, Inc. – Consultant to both national and local natural gas 
transmission and sales companies; consults on natural gas and RNG marketing. Retained by 
PCRWRD, through BC, to provide insight into issues impacting the marketability of RNG in the 
natural gas industry. 

• Harold Smith and Bart Kreps – Raftelis Financial Consultants, Inc. (Raftelis) Financial 
consultants; have worked with PCRWRD previously on alternative delivery projects, i.e. Water 
Reclamation Campus Design-Build-Operate. Retained by PCRWRD, through BC, to provide 
financial modeling of various delivery alternatives for the biogas-to-RNG project being 
considered here. 

• Eric Peterson – Hawkins, Delafield and Wood (by phone). Has provided legal input to 
PCRWRD on previous alternative delivery projects, i.e. Water Reclamation Campus Design-
Build-Operate. Retained directly by PCRWRD provide specific input on tax 
implications/incentives relative to the scope of the biogas-to-biomethane project being 
considered here. 

 
The agenda for the workshop is attached. In general, the morning was devoted to exploring RNG 
marketing opportunities and constraints, with Diane Saber and Dave Jones providing most of the 
input from the consultant team. The afternoon was devoted to reviewing the draft financial model 
prepared by Raftelis, and determining the parameters for risk analysis which will be performed by 
Raftelis and presented in Workshop 7. 
 
The following is a summary of the key discussions and conclusions that evolved from the workshop’s 
morning and afternoon sessions. 
 
General Comments 
 
The following are key points made by PCRWRD staff during the workshop: 

• Ideally, PCRWRD can produce RNG and beneficially sell or utilize its RNG as a positive 
economic return. 

• If a positive economic return is not certain, then PCRWRD must consider the potential cost of 
beneficial utilization relative to the base case of flaring the biogas (virtually no extra capital 
or operating costs). Pima County management may elect to accept a marginal economic 
“loss” in order to beneficially utilize the resource. 
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• Assuming a RNG sale arrangement is recommended, then implementing using a 3rd party for 
design-build-finance-operate plus marketing of the gas is preferred, provided PCRWRD can 
assure itself that it is not “giving away a significant” percentage of the revenue stream to the 
3rd party. PCRWRD may be willing to design, build, finance and operate the facility if the 
evaluation of options concludes that a much higher return may be realized compared to 
3rd party. 

 
Opportunities and Constraints for Marketing PCRWRD RNG (Morning discussion) 
 
The recent action by the California Energy Commission (CEC) imposing a moratorium on allowing 
RNG as a renewable fuel for use in meeting the state’s renewable energy portfolio standards was 
discussed at length. The following are the key points of the discussion: 

• The moratorium applies to RNG that is generated in a different location than where the fuel 
is used to generate electric power and “wheeled” through natural gas transmission pipelines. 
RNG that is generated at the same site as where it is used as a fuel for power generation, or 
where conveyed through a pipeline, or other transport system (e.g. tanker truck or rail car) 
dedicated to the biogas is not impacted by the moratorium. 

• One of the stated issues that led to the moratorium is the perceived difficulty in confirming 
the “accounting” integrity of tracking RNG generated in one location, co-mingled with natural 
gas in the transmission system, and withdrawn at another location. It is also conjectured that 
wind and solar generating industry sees RNG as a threat and lobbied the CEC for the 
moratorium. 

• The moratorium is not necessarily a permanent ban; the issue will continue to be considered 
by the CEC. However, it may take years for the CEC to publish a permanent ruling in the 
matter; so, for purposes of PCRWRD’s project, the moratorium effectively removes sale of 
RNG to the California (CA) market. The exception may be transporting of PCRWRD RNG to a 
CA buyer via tanker truck or rail car. 

 
Other opportunities for sale of RNG were discussed. The following are the key points of this 
discussion: 

• Conversion of biogas to BioCNG for use in vehicles is a fast growing market. Companies like 
Clean Energy are developing a network of CNG and BioCNG filling stations throughout the US, 
with particular emphasis on areas where they can cater to industries where truck 
transportation constitutes a significant cost of the operations. As an example, Clean Energy 
has developed a network of CNG filling stations in the mid-west to address the transportation 
needs of the dairy industry. 

• In Europe, biogas-to-BioCNG for vehicle fuel is the most common use of RNG. 
• Even with the CEC moratorium, other markets for RNG are available beyond vehicle fuel, 

including other states with similar, but less aggressive, renewable portfolio standards. The 
pricing for these markets will likely be lower than what was prevalent in CA prior to the 
moratorium due to less aggressive standards. 

• PCRWRD has identified potential local users of RNG. These include Waste Management 
(vehicle), Pima County Fleet Services (vehicle), Raytheon (replace NG use), Davis-Mothan Air 
Force Base (replace NG use). Conversations with other potential users are ongoing and 
expanding. In all cases, the price that PCRWRD could receive for their RNG is more likely 
linked to what these companies are paying, or would be paying for NG. With NG prices at a 
10-year low, the companies would need to be motivated by public relations, e.g. enhancing a 
“green image”, in order to pay a premium for biomethane over NG. It was conjectured that 
the premium may be 10% up to 150% over commodity NG prices. 

• When considering vehicle fuel as an option, the value of the associated Renewable 
Identification Number (RIN) may improve the economic viability. However, this is impossible 
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to predict at this time as the RIN market is very immature with few benchmarks for assessing 
how this may impact PCRWRD. 

 
The following are other important points made during the RNG marketing discussion: 

• In spite of the CEC ruling, the market for RNG is expanding. Evolving regulations on green 
house gases (GHG), especially a potent GHG like methane, will continue to motivate both 
biomethane users and biogas producers to implement uses for biomethane. 

• There is little danger to the market being “flooded” with biomethane as the potential 
aggregate production is only a fraction of the national or regional NG demand. 

• Almost all potential RNG use options require injecting the RNG into the local distribution 
company’s (LDC’s) pipeline, or a NG transmission company’s pipeline, for wheeling to 
another location. It is important to begin and maintain dialogue with these companies as 
PCRWRD’s project takes shape, as these companies are required participants and may have 
important requirements that must be accounted for in the project development. PCRWRD 
has already initiated contact with both El Paso Natural Gas (transmission company) and 
Southwest Gas (LDC). 

• The pipeline company accepting the RNG will have both gas quality and monitoring 
requirements. Gas quality will be monitored continuously, on-line. If gas quality deviates from 
“spec”, the on-line gas monitoring will immediately shut the valve at the connection point 
forcing flaring. The valve will re-open only after restoration of quality has been confirmed. 
Depending on the terms of the agreement, frequent discontinuation of the RNG supply, for 
what ever reason, including off-spec quality, could result in financial penalties. 

• The impact of variability in RNG production on pipeline companies accepting the gas varies; 
there would be little impact on transmission companies due to the massive quantity of gas 
conveyed; however, a local distribution company may be more significantly impacted due to 
the percentage of the total pipeline flow that the RNG would represent; this can only be 
determined through dialogue with the LDC, in this case Southwest Gas. 

• The length of the RNG purchase agreements vary; many are in the 10-year range, but others 
are shorter. 

• If RNG is delivered to the transmission company, scheduling, nomination and balancing 
services may be required by the transmission company. This is a specialized service requiring 
an expert on staff or a consultant. 

• Biogas-to-RNG projects do not enjoy the same incentives (e.g. grants, rebates, etc) that 
renewable power generation projects (e.g. solar, wind) enjoy now. Neither Dr. Saber nor 
Mr. Jones were aware of any grant or incentive programs available to promote the 
development of biogas-to-RNG projects. 

 
Financial Model Development and Risk Factors (afternoon discussion) 
Bart Kreps and Harold Smith presented the financial model developed to date (see attached for 
presentation slides). The basic input information for the model development was provided by BC. 
Various assumptions embedded in the model were discussed. Variables that will be used to assess 
risk were discussed including the base values used for model development. Diane Saber and Dave 
Jones provided input as appropriate into the discussion. Key points of discussion are summarized 
below: 

• RFC will make some modifications to the baseline financial model to reflect a local and 
regional/national approach. The local approach will assume full County project delivery while 
the regional/national approach will assume both County and private project delivery. 

• RFC will refine the private tax benefit of accelerated depreciation for equipment only. Based 
on initial review, equipment represents approximately 70% of capital costs. 

• RFC will develop risk curves for quantifiable variables impacting project costs. 
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• Preliminary indications suggest that the low, most likely, and high expected value of RNG or 
BioCNG would be the current/projected cost of NG (NYMEX), 100-150% of the 
current/projected cost of NG (NYMEX), and some percentage of the equivalent cost of diesel 
fuel, respectively. There may be some deviations from these ranges (or risk curves) when 
considering a local versus regional/national approach. 

• “Shrinkage” of gas flow in the transmission pipeline is about 5% of the volume input. This 
needs to be reflected in model runs where we are relying on transporting RNG through 
transmission lines. 

• Capital cost ($10 million) appears very high compared to experience by gas experts. Requires 
follow-up phone call(s) to validate use in the model. 

• O&M costs also appear to be high compared to experience by gas experts. Requires follow-up 
phone call(s) to validate use in the model. 

• Consideration of supplemental digestion feedstocks to enhance biogas production should be 
considered after base project is defined. 

• Current base model includes high connection fee ($750,000) to a pipeline company. This is 
a number provided by El Paso NG; if connection is to Southwest Gas connection fee will be 
much lower. Also, connection to El Paso NG requires 650 psig pressure compared to 
350 psig for Southwest Gas – current O&M costs assume 350 psig connection to SWG. 
Potential inconsistencies need to be resolved. 

• According to research by Eric Peterson, besides accelerated depreciation, there are no other 
tax incentives that could be applied to a biogas-to-RNG project as envisioned here. 

 
Workshop 7 
 
The agenda for Workshop 7 will be to review the risk analysis performed by Raftelis. Based on these 
results final recommendations for inclusion in the Final Master Plan Report will be finalized. 
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333 East Wetmore Road, Suite 165 
Tucson, Arizona 85705 
Tel: 520-624-5744 
Fax: 520-791-2738 
 
 
Prepared for: Pima County Regional Wastewater Reclamation Department (RWRD) 
Project Title: Systemwide Biosolids and Biogas Master Plan 
Project No.: 140380 
 
Purpose of Meeting: Workshop 7 – Results of Renewable Natural Gas (RNG) Facility Feasibility 

Financial Modeling and Risk Assessment, Delivery Methods and Project 
Summary 

Meeting Location: WESC – Radon Room 
Date: June 7, 2012 
Time: 9:00am – 2:00pm 
Minutes Prepared by: Alice Templeton (Gordley Group), Gary Newman 
 
Attendees: 

PCRWRD 
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John Warner Frank Gall Mike Kostrzewski Prakash Rao 
Houssam Eljerdi Jing Luo Jackson Jenkins John Sherlock 
Eric Wiedwilt Chuck Wesselhoft Michael Gritzuk Byron McMillan 
Jeff Prevatt    

PIME COUNTY FLEET PIMA COUNTY FINANCE 
Ray Ochotorena  Michelle Hamilton  

PIMA COUNTY PROCUREMENT 
Jerry Rizzo    

BROWN AND CALDWELL (BC) SOUTHWEST GAS 
Gary Newman Jason Wiser Joe Varela  

CH2M HILL  FSD 
Ron Williams  Frank Samaniego  

GREELEY & HANSEN HAWKINS, DELAFIELD AND WOOD 
Jerry Bish  Joe Sullivan  

JACOBS RAFTELIS 
Mike Dinapoli  Rocky Craley Bart Kreps 
  Harold Smith  

GORDLEY GROUP 
Alice Templeton    

 
cc: Eron Jacobson, BC-Seattle 
 Jim Schettler, BC Walnut Creek 
Attachments: 

BC PowerPoint Presentation 
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RFC PowerPoint Presentation 
Hawkins PowerPoint Presentation 

Summary 

Workshop Objectives: 
• Review results of Raftelis Financial Consultant’s (RFC’s) financial risk modeling of 

biomethane (RNG) delivery and use models. 
• Recommendation on biomethane delivery and use model. 
• Review overall Master Plan recommendations. 
 

Consultant Team:  Besides BC, the consultant team for this workshop included RFC (Harold Smith, 
Bart Kreps, and Rocky Craley), subconsultant to Brown and Caldwell, who provide specialized 
knowledge and experience in financial modeling and risk assessment.  In addition, the consultant 
team included Joe Sullivan – Hawkins, Delafield and Wood (HDW).  HDW has provided legal input to 
PCRWRD on previous alternative delivery projects, i.e. Water Reclamation Campus Design-Build-
Operate.  HDW is retained directly by PCRWRD to provide specific input on legal and contractual 
implications of alternative project delivery options relative to the scope of the biogas-to-biomethane 
project being considered here. 
 
The agenda for the workshop is included in the PowerPoint slides attached. 
 
The following is a summary of the key discussions and conclusions that evolved from the workshop. 
 
Review of Financial Modeling (slides presented by RFC are attached). 
 
RFC reviewed the three delivery approaches modeled: 

• County Local – PCRWRD built, owned, operated and financed; PCRWRD markets/sells RNG 
locally (greater Tucson). 

• County Regional/National - PCRWRD built, owned, operated and financed; PCRWRD partners 
with third party to market/sell RNG in regional or national market. 

• Private – Private built, operated, financed, and owned; private entity markets/sells RNG in a 
regional national market. 

 
Major assumptions used in the development of the model were summarized.  The following 
summarize questions/answers during the presentation: 
 
RFC Slide 10 
Is there an actual loss of value when gas is placed in the pipeline? 
The loss, termed “shrinkage” is the loss of gas through the natural gas transmission system.  This 
was noted by Dave Jones (gas consultant in Workshop 6); based on input from Mr. Jones, 
assumptions were used for shrinkage in each delivery approach. 
 
RFC Slide 11 
Why does the market pricing take such a big jump at first (from 2012 to 2013)? 
On a short-term basis, natural gas pricing has been unpredictable.  No one knows with certainty what 
the future price will be.  Prices shown are what are predicted for the future by the industry (NYMEX).  
Because it is an industry reference, the NYMEX price index has been used for this analysis. 
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There is a big change in the pricing from the last workshop. 
Yes, and that is why the pricing is included in the risk assessment model.  With the California Energy 
Commission’s moratorium on allowing RNG as fuel for meeting renewable portfolio standards, there 
are currently few solid benchmarks for RNG pricing.  Therefore, it is available in the risk analysis. 
 
RINs credits are not figured in the market analysis.  There may be additional incentives available? 
Yes, with respect to considering the potential value of RINs the current calculations are conservative. 
 
If we move ahead with the Private Sector Market approach [Private option], how do we make sure 
we are included in windfall profits if they occur? 
It is possible to tie revenue to the contract so if the market goes way up, the County can benefit. 
 
Slide 12 
The biggest difference between the County Local and County Regional/National approaches is really 
the premium. 
Yes, there is a huge sensitivity associated with the premium applied to the sale of the gas. 
 
For the Private option, it is important that the company is required to take gas at all times in order to 
avoid floring by PCRWRD. 
 
Slide 15 
For the Private approach, it looks like the company will lose money for the first five years.  During 
that period, would they be paying anything to the County? 
Probably yes.  The contract could be written to spread costs all the way through the term of the 
contract.  Also, it could be written into the contract that the company takes the RNG whether they are 
earning revenue or not.  This ensures that the County does not incur costs.  It is important to 
recognize that the company is entering into a transaction that removes risk from the County so they 
may deserve a financial windfall if it becomes available.  If the company makes so much profit that it 
may make the County look bad, there is opportunity to write something into the contract to prevent 
that. 
 
Part of what contributes to the lower return (negative cash flow) in the early years is the fact that 
biogas production is low relative to the capacity of the capital investment in the biogas upgrading 
facility.  That is, the revenue generated from RNG production and sale is low in the early years and 
does not cover the debt service on the capital investment. 
 
The contract premise needs to be vetted with potential private companies to see if it is attractive. 
 
Slide 18 
For the risk assessment, the premium is the big unknown variable.  In the short term it is possible to 
lose money but pick up the profit on the back end. 
 
Have you considered that the County has plans to convert its fleet completely to operate on 
compressed natural gas (CNG) and this could result in five million dollars annual savings or money 
that the County is not out of pocket. 
Currently, PCRWRD does not operate vehicles compatible with CNG or biomethane compressed to 
CNG (BioCNG).  Making this conversion will take time, on the order of years.  Due to this unknown, 
this option was not quantified in the model (it could be considered under a separate analysis).  If the 
County builds a biogas upgrading facility, they could be very flexible and proceed with the most 
attractive option as it develops, be it vehicle fuel or some other use of the RNG.  Even in the Private 
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approach, the company, through the contract, could be required to reserve some portion of the RNG 
for County use. 
 
It was noted that currently it is more expensive to produce BioCNG from biogas than to buy natural 
gas for CNG.  Thus, RNG converted to BioCNG for County vehicles could work out in the long term, 
but short term it is more expensive than CNG (but still less expensive than conventional liquid fuels). 
 
The analysis of the private option demonstrates that it is a viable option.  The workshop stakeholders 
advocated for the private sector approach with a distinct preference for the design, build, finance 
own and operate (DBFOO) procurement method. 
 
Looking at assumptions, there is a lot of uncertainty currently in the market that the County would 
take on in the County Local or the County Regional/National models.  Are we willing to take that 
risk?  We would have to triple the going rate just to break even.  The Private model allows PCRWRD 
to test the market without making any capital investment; hence, it is the lower risk option. 
 
PCRWRD need a contractual mechanism so that any large windfall profit does not all go to the 
private contractor if that method is chosen.  PCRWRD also needs to move forward with a decision 
soon; otherwise in short time, we will be flaring large amounts of biogas. 
 
In the Private model, it is extremely important how the contract is written in order to protect 
PCRWRD’s interests without overly burdening the contractor and making the venture unprofitable. 
 
Project Delivery (slides presented by Joe Sullivan are attached) 
 
Joe Sullivan gave a presentation on procurement and risk for RNG.  Under the Private approach, the 
biggest risks would be abandonment of facility and bankruptcy or default of the contract.  We do not 
know what kind of lender protection will be in place during the contract term. 
 
Can’t you write in bonds to protect the County? 
Bonds are more difficult to collect so the primary security is the lender with a built-in security factor. 
 
What if the company just walks away because they are not making money? 
The County will probably have to pay the lenders to take over ownership and operation of the 
abandoned facility. 
 
Will the County need a permit to flare at that time? 
The County’s current permit would allow for some emergency flaring.  A possible agreement could 
also be made with Southwest Gas to take the RNG, albeit at a significantly reduced economic return. 
 
Is there a value to requiring the private company to maintain the permit to flare? 
It would mitigate some risk but it might be more RNG than the permit allows.  The Pima County 
Department of Environmental Quality would want to see some kind of plan in place.  The County 
maintaining a permit for all its facilities might be the less expensive form of protection.  The contract 
could also be written to provide recourse against the company should they default.  The contract 
should be tested against the notion that the County never pays for anything. 
 
[Subsequent conversations with Pima County Department of Environmental Quality indicate that the 
current permit modification should allow for flaring of biogas even if the RNG facility is put into 
operation but then abandoned for whatever reason.] 
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In the Private approach, the RNG facility would have to be off of the Ina Road WRF property.  It could 
be located on the adjacent Pima County owned landfill site.  That would be okay as long as they 
could find a location relatively close to the digesters to minimize extra cost. 
 
What would be the typical procurement period for this type of work? 
Since there are not a lot of options for evaluating the proprietary technology, the evaluation would 
center around qualifications, financing and costs/premium.  The procurement could be a two-step 
process and the Request for Proposals (RFP) could be in place in a couple of months and add 
another month for entities to respond.  It would be important to establish guidelines and take them 
to the Board of Supervisors for approval.  A request to the Board of Supervisors should be written up 
soon. 
 
The contract should allow companies to test some of the gas but it should be limited and PCRWRD 
should not guarantee what is in the raw biogas.  The quality of the biogas is not expected to change 
when the Water Reclamation Campus is brought on-line and solids are transferred to  Ina Road WRF 
for digestion. 
 
If there are provisions for CO2 recovery, it should be checked to make sure it does not precipitate a 
greenhouse gas provision.  The contract must establish who “owns” the CO2 – PCRWRD or the 
private company. 
 
In the Private model, PCRWRD is not responsible for removing H2S from the biogas; the company 
would have to remove it all. 
 
PCRWRD has been speaking with three RNG companies, Clean Energy, EDF Trading (via the RFEI 
process) and Ameresco.  PCRWRD would have to work with the companies on technical issues such 
as the location, power and built in redundancy in case something breaks down in the system. 
 
Next steps include engaging other agencies that have or are going through similar processes to see 
if they have any advice and lessons learned (it was noted that the City of Phoenix will be advertising 
for biogas sale at 91st Avenue WWTP soon; San Antonio Water Services has successfully 
implemented biogas sale previously and that system is in operation). 
 
A summary of additional next steps include: 

• Reach out to other jurisdictions to learn from their experiences 
• Initiate sampling of the biogas 
• Engage Southwest Gas to get their technical perspective 
• Get approval from County Administrator and Board of Supervisors to go with Private RNG 

option. 
 
Master Plan Completion 
 
Biosolids recommendations include moving forward with demonstration projects – mine reclamation 
and production of Class A dried product.  However, PCRWRD has not yet decided to move forward 
with these projects.  For the demonstration drying project it was suggested that a technology vendor 
(i.e. solar greenhouse dryer) may be willing to fund the demonstration project on behalf of PCRWRD.  
It was noted that this is unlikely based on input received during the Master Planning study.  
Nonetheless, it is recommended that PCRWRD engage vendors to determine how a demonstration 
project may be configured to minimize cost to PCRWRD and maximize marketing benefit for the 
vendors. 
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The Final Report should be presented to the PCRWRD Citizen’s Advisory Committee sometime in 
July 2012. 
 
Greeley and Hanson will be working on the side stream treatment evaluation once the amendment 
to their contract is approved. 
 
This is final workshop for this project.  Remaining activities are focused on completing the Final 
Report. 



System-Wide Biosolids and 
Biogas Utilization Master 
Plan Workshop No. 7 (Final) 

June 7, 2012 



• Review results of RFC’s financial risk modeling of 
biomethane delivery and use models 

• Recommendation on biomethane delivery and use 
model 

• Review overall Master Plan recommendations 

Workshop  7 Objectives 

2 



World of Options 

Viable Options 

Shortlisted Options 

Recommended Plan  

Fatal flaw  
screening  

Qualitative  
screening 

Evaluate costs, social, and 
environmental factors  

Biosolids and Biogas:  
Refining Options to a Recommended Plan 
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• Introductions: 9:00am – 9:10am 
• Objectives of Workshop 7 and Agenda: 9:10am – 

9:20am 
• RFC Financial Risk Model Results (Bart Kreps): 9:20am 

– 11:00 am 
• Break – 11:00am – 11:15am 
• Project Delivery (Joe Sullivan): 11:15am – 12:15 pm 
• Lunch: 12:15pm – 12:45pm 
 

 

Workshop 7 Agenda 
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• Biogas/Biomethane project delivery and procurement  
- Summarize Recommendations(Group): 12:45am – 
1:45pm 

• Summary of Final Recommendations (Gary Newman): 
1:45pm – 3:45pm 

• Master Plan Completion (Gary Newman): 3:45pm – 
4:45pm 
 

Workshop 7 Agenda, cont. 
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Biogas  
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• Develop a comprehensive biogas utilization strategy 
• Beneficially utilize biogas 

• Minimize flaring 

• Accommodate increased biogas production from WRC  

• Facilitate air permit modification 

• Cost-effective, sensitive to rate payers 

• Coordinated with Ina Road WRF Energy Master Plan  

• Consistent with Pima County’s Sustainable Action Plan 

 
 
 

Biogas Utilization Goals and Objectives: 
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CO2 Separation for Pipeline Quality Gas; Fleet 
Vehicles; Boilers for Heat 

8 

Optional:  



• Provides foundation for diversification of biogas 
processing and uses: 
• BioCNG for vehicles 
• Biogas production enhancements, i.e. FOG and/or food 

wastes 
• CO2 recovery and sale 

• Compared to CHP, least problematic in terms of air 
permitting 

• Does not compromise attractive power purchase 
tariff from TEP 
 

Key Advantages of – Biogas Cleaning and Sale 
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Bart Kreps, Raftelis Financial Consultants 

Biogas – Results of RFC 
Financial Risk Evaluation 

10 



Joe Sullivan, Hawkins, Delafield, and Wood 

Project Delivery 
Considerations 
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Biogas – Summary of 
Recommendations 
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• Offers highest upside potential to PCRWRD for 
economic benefit 

• Requires no capital outlay from PCRWRD to move 
forward with procurement and implementation 

• Least economic risk option to PCRWRD: 
• No capital outlay 
• Terms of contract can protect PCRWRD 

• DBFOO firm responsible for marketing RNG; retains 
PCRWRD’s focus on core business 

 

Recommendations: Private Financing and 
Ownership Model (DBFOO) 
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Key features of RFP/contract: 
• Termination/buy-back provisions in case DBFOO 

defaults or requests relief 
• PCRWRD air permitting strategy coordinated with 

DBFOO obligations to use all gas (i.e. not flare) 
• Develop basis for projected gas production:  

• Flow – average,  and variations   
• Quality (H2S and other reduced sulfur, siloxanes, 

methane content) 

• Provisions for CO2 recovery – who owns the CO2? 
PCRWRD or the DBFOO?  

Next Steps – Begin Developing RFP for DBFOO 
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Key features of RFP/contract, continued: 
• Provisions for changing raw gas production to DBFOO: 

• FOG/Food waste  
• BioCNG use  
• Option for Central Plant use  

• Location of raw biogas connection, pipeline routing, 
land for gas upgrading facilities, etc 

• Term of contract  
• Provisions, if any, for linking payment to PCRWRD with 

NYMEX or other commodity price index 
 

Next Steps – Begin Developing RFP for DBFOO 
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Biosolids – Summary of 
Recommendations 
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• Develop a comprehensive biosolids management and 
utilization strategy: 
• Reliable program, long term 
• Comply with current and evolving regulations 
• Cost-effective, sensitive to rate payers 
• Rely upon proven technologies/approaches 
• Tailored to Pima County’s circumstances 
• Enhances PCRWRD’s public image 
• Consistent with Pima County’s Sustainable Action Plan 

 
 

Biosolids Utilization Goals and Objectives: 
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Recommended Pathway to Long-term 
Reliability – Diversification  

Current: 
100% 

50% 

0% 

Land Application of  
Class B Slurry 

%
 o

f B
io

so
lid

s 

Long-term 
Goal for 
Reliability: 
 
 

100% 

50% 

0% 
Ca

pa
ci

ty
:  

%
 o

f B
io

so
lid

s 

* Convert to Class A  
product if external 
triggers require. 

Existing land 
application 

sites for 
Class B* 
product 

New land 
application 

sites for 
Class B* 
product 

Mine 
reclamation 

with Class B* 
product 

Class A Dried 
Product 

Retain current 
capacity if possible 
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• Haul and application - choices: 
• One contractor (least diverse, least reliable) 

• Multiple contractors (more diverse, more reliable) 

• Contractor(s) and PCRWRD (most diverse, most reliable) 

• PCRWRD operational preference to produce only slurry or 
only cake, not a mixture  

• “Ramping-up” dewatered cake (or dried product) program 
requires investment 

 

Considerations for Biosolids Diversification 
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Biosolids Haul Cost Vs Distance 
(s

ee
 n

ot
e)

 

Note: Includes dewatering/thickening, haul and application  
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Example: Dewatered cake demonstration project  

• Design demo project: 
• Scale 
• Location 
• Application rates 
• Site control 
• Logistics 
• Monitoring and test parameters 
• Duration 

 

Short-term Actions to Promote Diversification 
and Long-term Reliability 
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• Obtain permits from ADEQ 
• Procurement of haul and application equipment 

(spreaders), or contractor for demonstration project 
• Compile data from demonstration project 

• Application rates 
• Crop yields 
• Soil testing 
• Costs for haul and application 

• Move to full-scale operation 

Least effort for PCRWRD if contractor with dewatered cake 
application experience is employed  

 

Short-term Actions to Promote Diversification 
and Long-term Reliability, con’t 
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• Develop partnership with mine company – FMI 
• Understand needs and constraints for both parties 
• FMI interested in on-going program of tailings reclamation 

• Develop demonstration project 
• Size, duration, location, biosolids quality 
• Application rates 
• Logistics (special equipment needed, who buys) 
• Monitoring and test parameters 

• Monitor and assess results; expand program within 
needs and constraints of both parties 

 

Similar Process for Developing Mine 
Reclamation Program 
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• May be thermal or solar greenhouse  
• Objectives: 

• Demonstrate technology(ies) 
• Establish site specific sizing/design/performance criteria 
• Generate PCRWRD product for distribution and market 

development 
 
Relatively small investment to gain traction with new biosolids 
product and new markets 
 
 

 
 

Consider Demonstration Dried Product 
Production and Product Marketing Project 
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Potential Conversion to Class A Product: 
One Option – Batch Thermophilic Digestion 

25 



Potential Conversion to Class A Digested 
Product 

• Long-term, only if market demands 
• Class A digestion – advantages/disadvantages 

• Leverages current investment in digesters 
• Retains current biosolids outlets  
• Significant operational change 
• Net decrease in biogas available for beneficial use 
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• Pre-digestion: 
• Pre-pasteurization 

• Post-digestion: 
• Thermal drying 
• Solar drying 
• Long term storage (likely off-site) 
• Composting 
• Other proprietary processes 

• NOTE: With proactive and robust development of 
diversified Class B program, conversion to Class A 
may not be required in foreseeable future 

Other Options for Converting to Class A Product 
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Recommendation Est. Capital 
Cost, 2011 

dollars  

Recommended Timing Comments 

Retain Existing Land 
Application 

See 
Comment 

Ongoing •No capital cost if contractor haul and 
application retained 

Develop New Land 
Application 

$1M Implement over 5 years •Capital Cost only if PCWRD self-performs 
•Cost is for new equipment 
•Does not include land purchase 

Develop Mine 
Reclamation 

See 
Comment 

Initiate dialogue with FMI 
immediately; target pilot 
program starting 2013 

•Assume haul and application by current 
contractor 

Develop Class A Dried 
Product (demonstration 
project) 

$2.5M Implement demonstration 
scale project in 2013 

•Assumes 150 dtpy demo scale dryer 

Future Conversion to 
Class A 

$10M Undefined; when needed •Convert existing digesters to operate 
thermophically 

Implementation of Side 
Stream Treatment  

$2.5M Timing to be defined by side 
stream treatment evaluation  

•Place holder allowance; study to confirm 
viability  

Summary Biosolids Utilization 
Recommendations with Estimated Capital Cost 

28 



Green Valley WRF – 
Summary of 
Recommendations 
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Over-arching objectives: 

• Eliminate odor complaints 
• Develop plan compatible with system-wide plan 

for biosolids management 

 

Green Valley WRF – Practical Alternatives 
Focused on Objectives 
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 Alternative 1: Aerobic digestion to Class B 
followed by greenhouse dryers 

 Alternative 2: Improved aerated solids holding 
tanks, followed by greenhouse dryers 

 Alternative 3: Unclassified sludge hauling to Ina 
Road WRF 

Alternatives Considered 
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Alternative 3:  

• Biosolids product management centralized at 
Ina Road WRF 

• Lowest capital costs 

Alternative 3 recommended and accepted; currently in 
design 

 

 

GVWRF Alternatives Evaluation – Key Points, 
con’t 

32 



Master Plan Completion 
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• Receive comments on Draft Report, due June 1 
• Edit draft report for Final Report 

• Incorporate comments  
• Incorporate results of Workshop 7 

• Target Final Report by end of June, 2012 

Master Plan Completion 
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Closing Remarks 
Questions?  

35 



Procurement and Risk Considerations 

Renewable Natural Gas Facility Project  

PCRWRD Workshop Presentation 
June 7, 2012 
Joseph L. Sullivan 

Partner 
Hawkins Delafield & Wood LLP 

New York, NY 
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Alternatives Under Consideration 
Public Work Model 

– County financing and ownership 
– Title 34 procurement 
– Marketing/Selling of RNG either: 

• Directly by the County locally; or  
• Pursuant to a contract with a third party to market/sell 

RNG on regional or national scale 

Private Model 
– Private financing and ownership/private work 
– Raw gas purchase/sale contract (royalty 

payments) 
– Private entity markets/sells RNG on regional or 

national scale 
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Public Work Model 

• Advantages 
– Full County control 

• Ownership of assets 
• Benefits of RNG sales 

– Established procurement processes and procedures under 
Title 34 

– Low cost of County financing 
• Disadvantages 

– Greater design, construction and operation risk to County 
than under Private Model 

– New to the County 
– County bears RNG market risk 
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Private Model 

• Advantages 
– No County debt  
– Potentially no County payment obligation 
– Tax beneficial ownership/accelerated depreciation 
– Greatest risk transfer 

• Design, construction and operations 
• Ability to market RNG 

• Disadvantages 
– Cost of capital 
– Minimal County control/flexibility 

• County objectives need to be established up front in contract 
– Complexity of transaction 
– Procurement risk 
– Unwind risk/residual value 
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Procurement of Public Work Model 

• The Gas Cleaning Facilities 
– Title 34 

• Traditional or alternative delivery 
• RFQ/RFP 
• Discussions with proposers 

• Third Party Marketing/Selling Services 
– Potentially incorporate under DBO 
– A.R.S. 11-254 
– A.R.S. 11-251(9) 
– Coordination of procurement with procurement of gas 

cleaning facilities 
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Procurement of Private Model (1)  

• Not a public work 
• Contractual services 

– ARS 11-254/competitive sealed bids 
• Price, conformity to specifications and other 

factors 
• No prequalification step 
• Less opportunity to discuss terms than under 

Title 34 
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Procurement of Private Model (2)  

• Contract for sale/purchase of biogas 
– Payments to County/no County payment 

obligation 
– Sale of County property generally requires 

auction under ARS 11-251(9) 
– However, “materials that have little value 

or no value or that are unauctionable” may 
be disposed of in any manner authorized 
by board 

– So, specific procedures could potentially 
be established for procurement  
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Private Financing Considerations  

• Cost of capital 
• DBFOO vs. DBFO 
• Tax beneficial ownership 
• “Balance sheet financing” vs. project 

financing 
– Recourse to the Company 
– Lender considerations 

• Coordination with procurement 
– Plan of financing 
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Real Property Considerations 

• Public Model – County owns facility 
and land 

• Private Model – Private entity needs 
sufficient real property interest 

• Leasing under ARS 11-256 
– Public auction 
– At least 90% of rental valuation 

• Contract for services or commercial 
opportunity 

• Coordination with procurement 
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Risk Considerations 

• Procurement risk 
• Company strength (Private Model) 

– Experience 
– Financial strength 

• Product marketing risk 
– Public Work Model 
– Private Model 

• Unwind risks 
• Company default 
• Convenience termination 
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Next steps for Private Model 

• Define procurement procedures 
• Confirm market interest assumptions 
• Define contractual framework 

 



Renewable Natural Gas (RNG) 
Facility Feasibility 

Financial Modeling and Risk Analysis 

Workshop Presentation 
June 7, 2012 



Workshop Agenda 

Delivery Approaches 

Financial Model 

Baseline Analysis 

Risk Analysis 

Next Steps 
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Delivery Approaches 
County Financed Approaches 
• County (Local) – County built, owned, operated 

and financed; County markets/sells RNG locally 
• County (Rgn./Ntl.) – County built, owned, 

operated and financed; County partners with third 
party to market/sell RNG in a regional or national 
market 
 

Private Financed Approach 
• Private – Private built, operated, financed, and 

owned; Private entity markets/sells RNG in a 
regional or national market 
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Financial Model  

• Revenue Requirements 
▫ Capital Costs 
▫ O&M Costs 
▫ Total 
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Capital Costs (Annual)  
County  (Local) County  (Rgn./Ntl.) Private

Facility  Design and Construction (a) $8,810,000 $8,810,000 $8,810,000

One-Time Connection Fee (b) 150,000 150,000 150,000

Total Upfront Capital Costs $8,960,000 $8,960,000 $8,960,000

Amount Financed $8,960,000 $8,960,000 $8,960,000 (c)

Interest Rate 3.50% 3.50% 4.7 5%

Cost of Equity 15.00%

Annual Debt Serv ice Costs $7 7 7 ,953 $7 7 7 ,953 $594,091

Sinking Fund for Repair & Replacement 17 5,000 17 5,000 17 5,000

Return on Equity 0 0 403,200

Total Annual Capital Costs $952,953 $952,953 $1,17 2,291

(a ) Ba sed on  est im a tes fr om  Br ow n  a n d Ca ldw ell.

(b) Th e con n ect ion  fee a ssu m es con n ect ion  to Sou th w est 's distr ibu t ion  sy stem .

(c) Th e m odel a ssu m es a  Pr iv a te Cor por a t ion  w ill fin a n ce 7 0% of th e ca pita l costs a n d pr ov ide 3 0% equ ity .
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O&M Costs (FY 2014) 
County  (Local) County  (Rgn./Ntl.) Private

Gas Separation Maintenance $7 6,509 $7 6,509 $7 6,509

Hy drogen Sulfide Removal 150,000 150,000 150,000

Gas Sep and Compression Elec 187 ,450 187 ,450 187 ,450

Final Compression Maint 3,982 3,982 3,982

Operator Cost 51 ,67 5 51,67 5 51,67 5

Total Annual O&M Costs (a) $469,616 $469,616 $469,616

General O&M Inflation 2.28% 2.28% 2.28%

Energy  Inflation 2.28% 2.28% 2.28%

(a ) Ba sed on  est im a tes fr om  Br ow n  a n d Ca ldw ell.
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Revenue Requirements (FY 2014) 

County  (Local) County  (Rgn./Ntl.) Private

Capital 7 7 7 ,953$                        7 7 7 ,953$                        997 ,291$                         
O&M 469,616 469,616 469,616
Sinking Fund for R&R 17 5,000 17 5,000 17 5,000
Tax Benefit (a) 0 0 (426,184)
Natural Gas Cost for Plant Needs 263,931 263,931 263,931
Total Costs $1,686,499 $1,686,499 $1,47 9,654

(a ) A ssu m es pr iv a te ow n er sh ip of a sset  w ill pr ov ide a bility  to cla im  a cceler a ted depr ecia t ion  (7 -y ea r s) a n d r edu ce

 ta x a ble in com e.
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Baseline Analysis 

• RNG Assumptions 
▫ Units 
▫ Pricing 
 NYMEX 
 Premium 

• Results 
▫ NPV 
 Total 
 Shared 
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Units of RNG Produced (MMBTU) 

County  (Local) County  (Rgn./Ntl.) Private

Gross # of Units in FY  2014 (a) 226,904 226,904 226,904
Estimated Shrinkage (b) 1 .00% 5.00% 5.00%
Net # of Units in FY  2014 224,635 215,558 215,558

Annual Increase in Production 2.7 5% 2.7 5% 2.7 5%

(a ) Nu m ber  of u n its der iv ed fr om  r ev en u e est im a tes.

(b) Est im a te pr ov ided by  Da v e Jon es (DMJ Ga s Ma r ket in g  Con su lta n ts,  LLC).
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Market Pricing for Natural Gas 
NYMEX 20 Year Index for Natural Gas

Year Price per MMBTU
2012 $2.400
2013 $3.351
2014 $3.816
2015 $4.084
2016 $4.327
2017 $4.560
2018 $4.788
2019 $5.031
2020 $5.279
2021 $5.532
2022 $5.791
2023 $6.069
2024 $6.341
2025 $6.610
2026 $6.879
2027 $7.148
2028 $7.417
2029 $7.686
2030 $7.955
2031 $8.224
2032 $8.493

NYMEX Natural Gas Futures as of May 12, 2012. Estimate provided by Dave Jones (DMJ Gas Marketing Consultants, LLC). 

RINs credits (Renewable 
Identification Number) may be 
available in the range of $8.00-
$11.00 per MMBTU for the near 
future.1 

 
Additional incentives may be 
available. 
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1) RNG Benefits and Opportunities, Clean Energy Presentation, March 12, 2012 



Baseline Assumptions for RNG Pricing 

County  (Local) (b) County  (Reg./Nat.) Private

Premium for Renewable Natural Gas (a) 10.0% 35.0% 35.0%
Cost of Wheeling (per MMBTU) (c) -$0.10 -$0.7 0 -$0.7 0
Cost of Marketing/Admin (d) -7 .5% -7 .5% -5.0%

(a ) Pr em iu m  for  r en ew a ble n a tu r a l g a s is a n  a n n u a l pr em iu m  pa id a bov e th e for eca sted NYMEX 2 0 y ea r  Na tu r a l Ga s In dex .

(b) Pr em iu m  est im a te for  RNG for  Cou n ty  (Loca l) A ppr oa ch  is ba sed on  m em or a n du m  fr om  Dia n e Sa ber  (REE th in k).

(c) Th e est im a tes for  Cost  of Wh eelin g  for  th e a ppr oa ch es a r e for  FY 2 01 4  on ly ,   pr ov ided by  Da v e Jon es (DMJ Ga s Ma r ket in g  

Con su lta n ts,  LLC).   Th e est im a tes a r e esca la ted a n n u a lly  u sin g  th e en er g y  esca la t ion  fa ctor  of 2 .2 8 % per  dir ect ion  fr om  Br ow n

 a n d Ca ldw ell.  

(d) Th e Costs of Ma r ket in g /A dm in istr a t ion  for  th e a ppr oa ch es a r e ba sed on  th e est im a ted lev el of F.T.E.
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Baseline Results 
County  (Local) County  (Rgn./Ntl.) Private

Unit Rate Com parison
Premium Above NY MEX 10.0% 35.0% 35.0%
Retail Unit Rate (per MMBTU) (a) $6.95 $8.53 $8.53

NPV Com parison
20 - Y ear NPV (b) $1,7 60,7 57 $2,836,530 $3,544,428

(a) Weighted Average Unit Rate over 20 year forecast.

(b) A discount rate of 6.0% is used for the Net Present Value calculation.

 $-  

 $500,000  

 $1,000,000  

 $1,500,000  

 $2,000,000  

 $2,500,000  

 $3,000,000  

 $3,500,000  

 $4,000,000  

County Delivery 
(Local)  

County Delivery 
(Rgn./Ntl.) 

Private Delivery 

20-Yr NPV (without Risk) 
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Break-Even for Each Approach 
Break-Even:  The weighted average retail rate 
the County or Private Corporation would have to 
sell the gas over the forecast period to cover the 
investment and operation and maintenance costs.  
 

• County (Local) = $6.25 per MMBTU 
• County (Rgn./Ntl.) = $7.35 per MMBTU 
• Private = $7.09 per MMBTU 

 
Weighted Average Price of Natural Gas for 
Forecast Period = $6.32 per MMBTU 
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Annual Present Values* 

*A discount rate of 6.0% is used for the Present Value calculations. 15 

County  (Local) County  (Rgn./Ntl.) Private

2013 ($7 33,918) ($7 33,918) ($940,841)
2014 (509,829) (486,202) (27 7 ,403)
2015 (417 ,921) (388,151) (188,847 )
2016 (336,632) (302,041) (111 ,87 7 )
2017 (262,267 ) (223,548) (42,092)
2018 (193,419) (151,047 ) 22,144
2019 (126,634) (80,495) 84,947
2020 (63,416) (13,690) 144,440
2021 (3,444) 49,7 22 (46,7 39)
2022 53,338 109,7 82 20,835
2023 109,204 169,150 87 ,355
2024 160,452 223,442 148,341
2025 207 ,559 27 3,203 204,37 0
2026 251,294 319,319 256,368
2027 291,837 361,983 304,553
2028 635,597 7 07 ,621 7 41,7 11
2029 652,929 7 26,599 7 60,657
2030 668,540 7 43,639 7 7 7 ,636
2031 682,523 7 58,844 7 92,7 55
2032 694,965 7 7 2,315 806,115

$1,7 60,7 57 $2,836,530 $3,544,428

Assuming premiums above 
NYMEX in the baseline 
scenarios, the County would 
experience negative present 
values in early years of the 
forecast period. 
 
The Private Approach shows 
negative present values in 
the early years as well (from 
the private company’s 
perspective); however, this 
approach assumes the 
County would not be exposed 
to negative cash flows. 



Risk Analysis  

• Key Risk Variables 
• Risk Assessment 
• Key Model Outputs 
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Key Risk Variables 
• Capital Investment 
• O & M inflation 
• Public Interest rate 
• Private Interest Rate 
• Return on Equity 
• Capital Repair & Replacement 
• Premium for Renewable Natural Gas 
• County Return from Approaches 

involving third party sales contracts 
 

 

*Variables will be adjusted to reflect risk 17 



Risk Assessment 
Risk Assessment

Risk Variable County Delivery (Local) County Delivery (Rgn./Ntl.) Private Delivery

Value Range Impact Value Range Impact Value Range Impact
Low High Low High Low High Low High Low High Low High

FINANCIAL
Interest rate - Debt Series 1 3.50% 90% 140% 3.15% 4.90% 3.50% 90% 140% 3.15% 4.90%

Interest rate - Private Debt Series 1 4.75% 90% 140% 4.28% 6.65%

O & M

General O&M Inflation 2.28% 90% 125% 2.05% 2.85% 2.28% 90% 125% 2.05% 2.85% 2.28% 90% 125% 2.05% 2.85%

Energy Inflation 2.28% 90% 200% 2.05% 4.56% 2.28% 90% 200% 2.05% 4.56% 2.28% 90% 200% 2.05% 4.56%

Sinking Fund for R&R  ($000s) $175 90% 110% $158 $193 $175 90% 110% $158 $193 $175 90% 110% $158 $193

CONSTRUCTION

Cost of Construction ($000s) $8,960 95% 115% $8,512 $10,304 $8,960 95% 115% $8,512 $10,304 $8,960 95% 115% $8,512 $10,304

NATURAL GAS MARKET

Premium for Renewable Natural Gas 10% 0% 150% 0.00% 15.00% 35% 0% 250% 0.00% 87.50% 35% 0% 250% 0.00% 87.50%

COUNTY RETURN

County's Portion of NPV 75% 33% 133% 25.00% 100.00% 75% 33% 133% 25.00% 100.00%
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County Return – Realized Return 
• Return:   

Likeliest = 75%, Minimum = 25%, Maximum = 100%  
 

• County (Rgn./Ntl.) Approach:  County will 
engage a sales partner that will buy RNG from the 
County to market regionally or nationally 
 

• Private Financed Approach: County will engage 
a sales partner that will buy raw bio gas from the 
County to clean and market regionally or nationally 
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Analysis Tool - Crystal Ball® 

• “…is a user-friendly, graphically oriented 
forecasting and risk analysis program”1 

• Uses Monte-Carlo simulation to produce 
the range of possible results 
▫ A Monte-Carlo Simulation uses probabilistic 

inputs (Risks with variability) to calculate the 
results of a set number of trials (5,000) to 
produce a distribution of potential outcomes 
(A range of possible PVs after Risk 
adjustments). 

 
(1)  Crystal Ball® 7: Getting Started Guide.  Oracle, 2007, pg 1. 20 



• Input variability may be assigned using a 
standard set of distributions 

• The example below shows a “high, low, most 
likely” triangular distribution 
 

Assigning Variability to Model Inputs 
within Crystal Ball 
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Assigning Variability to Key Risk Variables 
within Crystal Ball 

95% 99% 103% 106% 110%

g  ( )Risk X 

Lowest Case Highest Case Most Likely  Case 
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Key Model Outputs 

• Risk Adjusted Range of Net Present Value of 
Project Costs for Each Approach 

• Comparison of Baseline to Risk Adjusted Results 
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NPV County Delivery (Local) 
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NPV County Delivery (Local) 
90.5% Certainty Above $0.00 
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County (Rgn./Ntl.) Delivery 
County Return of NPV 
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County (Rgn./Ntl.) Delivery 

86.0% Certainty Above $0.00 
County Return of NPV 
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Private Delivery (Rgn./Ntl.) 

100% Certainty Above $0.00 
County Return of NPV 
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Results after Risk Analysis 
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Results after Risk Analysis 
County  (Local) County  (Rgn./Ntl.) Private

BASELINE MODEL
NPV Com parison

20 - Y ear NPV (a) $1,7 60,7 57 $2,836,530 $3,544,428

RESULT S AFT ER RISK ANALYSIS
NPV Com parison

20 - Y ear NPV (a) $887 ,7 48 $2,013,145 $2,561,981

Probability  for Profitability
Certainty  above $0.00 90.5% 86.0% 100.0%

(a ) A  discou n t  r a te of 6 .0% is u sed for  th e Net  Pr esen t  V a lu e ca lcu la t ion .
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Observations 
County Financed Approaches 

 
• County has full control over 

assets, operation and sale of 
RNG 
 
 

• County has most flexibility for 
sale and uses of RNG 
 
 
 

• County is responsible for debt 
service and operating expenses 
regardless of health of RNG 
market 

Private Financed Approach 
 

• County transfers risks related to 
operation and sale of RNG to 
Private company 
 
 

• County should never lose money 
in this venture 

• Highest risk adjusted NPV 
 
 

• County’s involvement is limited 
to negotiated contract 

Facility/Operation/Sales 

Advantages for the County 

Disadvantages for the County 
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Market Impact from County Perspective 

Growth in  
RNG market 
 
 
RNG market  
dries up 

$ 
$ 
$ 

$ $ --- 

County  
(Local) 

County  
(Rgn./Ntl.) 

Private 

$ 
$ 
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Recommendation 

The Recommendation based on this analysis is 
that the County should explore a turn-key private 
delivery option.  This approach appears to 
maximize revenue potential while minimizing risk 
to County.  The County should pursue a contract 
that requires, at a minimum, for a private partner 
to take the County’s raw bio gas at all times. 
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Next Steps 

• Explore procurement and contracting options 
• Draft report summarizing the risk assessment 

process, risk analyses, and results 
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Appendix H 

Biogas CO2 Separation Technologies 
The biogas treatment process for pipeline injection or for vehicle use depends largely on the 
technology chosen for removal of CO2, or CO2 separation. There are three major categories of 
technology to remove CO2 used commonly for biogas: physical and chemical solvents, pressure swing 
adsorption (PSA), and membranes. The technologies for CO2 removal are significantly different in the 
physical and/or chemical processes. Often these technologies are used in concert in sequential unit 
operations. The choice of CO2 removal technologies during detailed design should take many factors 
into account, including CH4 recovery efficiency, reliability, power and heat requirements, 
maintainability, final pressure, size, and cost. A brief description of the two technologies selected for 
evaluation follows. 

Solvents (Absorption) 
Solvent systems for CO2 removal work by selectively absorbing CO2 from the biogas while allowing 
methane to pass. Absorption is the transfer process of a gas constituent into a liquid in which it is 
soluble. The removal process of CO2 from biogas usually occurs at pressures greater than 100 psig 
to increase methane recovery rates. The compressed biogas flows upward through a packed tower 
while the solvent flows downward in a counter-current fashion. The compressed biogas leaves the 
tower with CO2 levels reduced to the required end-product quality. The solvent is chosen for being 
selective for CO2 and often also H2S. The selective absorption of CO2 over methane allows the 
methane to pass through while removing CO2. Regeneration of the solvent is required by reducing 
the pressure of the solvent and sometimes by heating. This process releases the CO2, H2S, and other 
residual gases, which are then burned in a flare, or scrubbed and vented. The regenerated solvent is 
cooled and pumped back to the top of the packed tower. If water is used as the solvent, a single-
pass (open) system may be used rather than a closed system. Solvents that are used for biogas 
scrubbing include water, amines, and glycols. 

The absorption of CO2 into water is a physical process. Physical absorption has the advantage over 
chemical absorption in that regeneration of the solvent does not require heating. The use of water 
has the advantage that the solvent makeup is readily available and requires no chemical handling. 
The Renton South Plant uses water absorption technology from a vendor, Binax, which no longer 
produces these systems. However, a new company, Flotech, has been producing these systems for 
25 years and has installed systems in a number of countries. 

Flotech makes water absorption systems called Greenlane (Figure F-1) for flow rates as small as 
40 scfm and up to more than 1,800 scfm. Flotech has at least 29 projects throughout Europe, 
Japan, New Zealand, and other countries. Its first installation was in 1985 in New Zealand, and its 
first commercial project in North America recently began selling biomethane to the natural gas grid in 
Abbotsford, B.C. The system in Abbotsford is designed to process about 450 scfm of biogas from an 
agricultural digester with no pretreatment. The Flotech Greenlane systems have predesigned 
packages that cover a range of flow rates. The smallest units are installed in iso-containers, and 
larger units can be in an iso-container or skid-mounted. The standardized design approach reduces 
design and installation costs. The Abbotsford, B.C., plant took 3 weeks to install and was selling 
biomethane to the natural gas pipeline the same day it was started up. Flotech offers maintenance 
plans and remote monitoring of the system for troubleshooting. This technology and Flotech 
Greenlane would be appropriate candidates for the CTP. 

 



 
Figure F-1. Greenlane Flotech “Manuka” system for 50 scfm flow rate 

 

Pressure Swing Adsorption 
Most PSA systems take advantage of the difference in equilibrium capacities of adsorbents for CO2 
at high and low pressures. Adsorbents are porous materials that naturally or through manufacturing 
have high surface areas per volume and are chosen for their selectivity for CO2. The adsorption of 
CO2 onto the surface of the adsorbent is a weak physical attraction by van der Waals forces. The 
capacity of an adsorbent for CO2 is the amount of CO2 that can be adsorbed at an equilibrium 
condition. The capacities at high pressure are greater than those at low pressure. PSA systems are 
systems of multiple packed beds, which operate continuously by having one vessel “online” and the 
other(s) in a state of regeneration. In this process, the biogas typically is compressed to 100–200 
psig and flows through the packed bed where the CO2 is removed by the adsorbent. When the online 
bed reaches its capacity it is isolated from the process, and the biogas flows through a newly 
regenerated bed. The spent bed is regenerated by depressurizing the vessel and typically using a dry 
regeneration gas free of CO2 to further decrease the partial pressure of CO2 (the driving force). 
Adsorbents used for CO2 PSA systems include molecular sieves (Zeolites) and carbon molecular 
sieves. 

Two companies currently offer standardized PSA system designs for biogas purification: Xebec and 
Guild Associates. Both companies have a number of biogas and landfill gas plants currently in 
operation. Guild Associates has at least two operating systems at WWTPs. Both offer packaged 
systems with compression at sizes of 70 scfm up to many thousand scfm. The Xebec systems 
Figure F-2 require H2S removal upstream of the system and they can package the H2S removal 
vessels. Both Xebec and Guild offer maintenance plans and remote monitoring for troubleshooting. 
This technology and both Xebec and Guild Associates are appropriate candidates for biogas 
separation at the Ina Rd WWTP. 

 



 
Figure F-2. Small Xebec PSA system 

 
The biogas separation process with the PSA system will involve compression and two stages of 
purification. H2S will be removed at either the beginning of the process at low pressure and in the 
presence of moisture (for Xebec system) or in the waste gas stream (for Guild Associates system). A 
scavenging media would remove the H2S. The sweetened biogas is then compressed and run 
through a single-stage PSA system to remove CO2, water, and other impurities (e.g., siloxanes). The 
process produces a high CH4 recovery rate of about 90–96 percent. The upgraded biomethane will 
be 97–98 percent CH4 and would meet the required pipeline specifications for impurities. The 
pressure of the biomethane sent to the pipeline for final compression is assumed to be about 
350 psig, but this would be verified in the design process. 

Natural Gas Distribution 
 
A large El Paso Gas Company pipeline is in close proximity to the Ina Roads WRF. The pipeline 
passes just north of Tucson. The El Paso Gas Company pipeline network is the principle deliverer of 
natural gas to Southern California. This fact may make sale of biomethane to the local utility or to 
outside states such as California easier since it would be a minor impact on pipeline capacity. 
 

 



 
Source: http://205.254.135.24/pub/oil_gas/natural_gas/analysis_publications/ngpipeline/western.html 

 
 

 
 

Source: http://passport.elpaso.com/EpngPortal/ 
 

http://205.254.135.24/pub/oil_gas/natural_gas/analysis_publications/ngpipeline/western.html
http://passport.elpaso.com/EpngPortal/
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APPENDIX I 

BIOGAS UPGRADING SYSTEM CAPITAL COST ESTIMATE 
BASED ON GUILD ASSOCIATES, INC. 

QUOTE OF JULY 9, 2012 

Brownand Caldwell (BC) was asked to provide a new capital cost estimate for biogas upgrading based on 
a quote provided by Guild Associates, Inc. (Guild) dated July 9, 2012 Estimates developed in Sections 4 
and 6 of the report were based on an estimate provided by Flotech-Greenlane (Flotech). Flotech-
Greenlane and Guild provide competing systems that produce equivalent product biomethane quality 
but using different technologies. Guild uses a molecular gate, pressure swing absorption technology, 
while Flotech-Greenlane uses a water solvent based system. 

It should be noted that the Guild quote and subsequent capital cost estimate by BC was based on 
different criteria than the previous estimates, specifically: 

• The estimate based on Guild is for 1.3 million scfd installed capacity compared to our previous 
estimate (for their financial modeling, Section 6) which was based on 2 million scfd installed 
capacity. Therefore, it is expected that this new estimate would be less than the estimate used 
for financial risk analysis. 

• At an installed capacity of 1.3 million scfd, and 2030 average gas projections of as high as 
1.54 million scfd, it is possible that this Guild system will not be able to process all biogas as gas 
production approaches 2030 projections. This is significantly different than criteria used for 
previous estimates as previous estimates were based on the criteria of utilizing all biogas 
produced including peak flows beyond average production. 

• The Guild system employs a thermal oxidizer, whereas the Flotech system does not. 
• The Guild system is different than the Flotech system which was used in our previous estimates. 

The main differences are: 
o Lower biomethane recovery for Guild (92%) vs. Flotech (98.5%). 
o Lower availability with one installed system (97%) vs. Flotech (99%) largely due to the 

Flotech estimate being based on two independent trains. The Guild quote includes 
multiple options and the option selected includes multiple rotating equipment items, 
but they are not fully redundant (e.g. 2 compressors, each at about ½ the system rated 
capacity). 

o The result of the two differences stated above and a smaller system capacity is that the 
Guild system could deliver a reduced product gas rate, approximately 20% or more less 
than the Flotech system by 2030. 

Balancing capital costs against product production/revenue generation is an important analysis 
that must be performed by the developer during detailed design. 

BC’s estimate includes a separate H2S removal system for the Guild system even though Guild states 
that the H2S can be removed in their processes. There was concern about the effect on air 
permitting and repair/replacement of the thermal oxidizer if all the H2S is concentrated into the tail 
gas and combusted on-site in the thermal oxidizer. To be conservative, we believe it is prudent to 
assume the H2S removal system is included. If separate H2S removal can be eliminated then both 
capital costs and O&M costs will be lower. Obviously, these alternatives would need to be carefully 
evaluated by the developer during detailed design. 

The new estimate based on the Guild quote is summarized in Table I-1. 



Table I-1. Estimated Capital Costs for Digester Gas Separation Equipment in 2014 

Equipment Costs 
Molecular Gate Pressure 

Swing Absorption  
(Guild), $ 

Equipment Costs   

Packaged biogas upgrading systems cost (2 x 1,000,000 scfd) a $1,620,000 

Product gas compressors cost (to 350 psig) b $450,000 

Thermal oxidizer c $350,000 

Gas analyzer and odorizer $100,000 

H2S removal d $550,000 

Additional valves and instruments for pipeline connection $100,000 

Instrument air compressor $10,000 

Gas cooling system $35,000 

Total equipment $3,215,000 

Equipment Installation Costs (no electrical) e $260,000 

Earthwork, Concrete, Cover and Piping Costs (including 12% contractor mark-up) f $290,000 

Electrical and I&C Cost (20% of equipment subtotal, 18% of earthwork, etc) $700,000 

Total Installed Cost $4,465,000 

Contractor general conditions (10% of Subtotal) $450,000 

Start-up testing, bonds, insurance (7% of Subtotal) $350,000 

Sales tax (6% of Subtotal) $320,000 

Contingency (20% of Subtotal) $1,120,000 

Total Estimated Construction Cost $6,705,000  

(a) 1 gas upgrading system at 1.3 mm scfd, from Guild quote 7/9/12; includes shipping 
(b) 2 product biomethane compressors, each rated for 50% of product gas flow, from Guild quote 7/9/12.. 
(c) 1 unit; Guild estimate in quote 7/9/12.. 
(d) Budgetary estimate for two dual 11-foot diameter iron sponge removal systems from Marcab 
(e) Includes $60,000 cost for equipment start-up, from Guild quote 7/9/12.  
(f) Assumes 2-inch steel pipe to convey biomethane to Southwest Gas Corporation (SWG) distribution main in Ina 

Road. SWG would “wheel” biomethane to El Paso NG pipeline for conveyance to premium markets (must be 
confirmed with SWG) 

 

A comparison of technologies and process/equipment vendors is beyond the scope of this master 
planning work. However, this new estimate demonstrates that the capital cost component of the 
financial evaluation, regardless of the selected delivery method, is subject to significant variation 
depending on the process/equipment vendor selected and the design criteria used to size and 
configure the gas upgrading system. And the selection of the design criteria will impact the potential 
revenue generation from the installed process. 
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