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If you can not measure it, 
you can not improve it. 

-- Lord Kelvin 1824-1907 

Two new Concepts: 
•Energy Use Intensity 

•Nega-watts 



Agenda 

• Background 

• Development Process 

• Residential Code 

• Commercial Code 

• Economics 

• Green House Gas Emissions 

 



Learning Objectives 

• Understand the concept of net-zero energy building 
at the site 

• Understand the concept of energy use intensity (EUI) 
and how to use this an a energy budget 

• Understand the concept of Nega-Watt and how to 
use this in evaluating envelope energy improvements 

• Understand the structure of the Net-Zero Energy 
Building Code and how to use it to plan a net-zero 
building 



Energy 

Star 

Home 

In Homes 

DOE 50% Better Push 



DOE HERS        EScale 



EPA HERS Index 



EPA Yard Stick 

https://www.energystar.gov/index.cfm?fuseaction=HOME_ENERGY_YARDSTICK.showGetStarted 



 

Source: http://usgbcblog.blogspot.com/2011/02/from-cutting-edge-to-common-practice.html 

Accessed 3/3/11 
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http://www.ashrae.org/publications/page/aedg50pct 

http://www.ashrae.org/publications/page/aedg50pct


Detail from ASHRAE AEDG 



The % Better Problem 

1908 Model T 

1960 Ford Falcon: 20% “better” 

2012 Ford Focus: 3% “better” 

% Better does not answer the question: 

How much energy do I use, and therefore 

need to produce to offset my use? 

How many gallons of 

gas do I need to go 

100 miles? 



The % Better Problem 

1908 Model T: 25 mpg 

1960 Ford Falcon: 30 mpg 

2012 Ford Focus: 31 mpg 

4.0 

3.2 

3.1 

% Better does not answer the question: 

A Primary Metric is required 



The % Better Problem 

1908 Model T: 25 mpg 

1960 Ford Falcon: 30 mpg 
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% Better does not answer the question: 

A Primary Metric is required 

EUI PV  



Energy Use Intensity 

• A Primary Metric 

• Total building site energy use divided by 
the building’s gross floor area.  The units 
of building energy use intensity are 
typically kBtu/SF/yr. 

– ASTM E2797-11 Building Energy Performance 

 

 



Energy Use Intensity = MPG 



Energy Use Intensity = MPG 



Energy Use Intensity 

Net Zero Max 



Energy Use Intensity 

http://www.architecture2030.org/files/2030_Challenge_Targets_National.pdf 
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Agenda 

• Background 

• Development Process 

• Residential Code 

• Commercial Code 

• Economics 

• Green House Gas Emissions 

 



Research Design 

• Internet Research 

– Build America Program 

– ASHRAE Advanced Energy Design Guides 

• 2012 and 2015 IECC 

• Energy Modeling  

– by Dr. Nader Chalfoun and Virginia Cardona, 
University of Arizona 

• Water use statistics from Tucson Water 



Key Concepts: 

1. Energy Use Intensity is the metric 



• Energy = Water 

Energy IN Water 

4,800 kwh of electricity to pump 

1 acre foot of water to our homes 
 

Typical Tucson home with four people will use .51 acre 

feet/year 
 

4,800 kwh/acre foot x .51 acre feet = 2,472 kwh/year 
 

Water is the fourth largest user of 

Electricity in the home using a little 

more than your lights! 



Key Concepts: 

1. Energy Use Intensity is the metric 

2. Include the embedded energy in water in 
the Energy Use Intensity 



Why Build More Efficient? 

Design a rule system that 

does not require more footprint 

than is already used by the 

building. 

 

Design a rule system that 

reduces the standby power 

requirements of the grid, 

thereby reducing capital 

expenditure for traditional 

power generation. 



Key Concepts: 

1. Energy Use Intensity is the metric 

2. Include the embedded energy in water in 
the Energy Use Intensity 

3. Limit area of PV production to the roof of 
the home (and potentially covered parking 
for commercial buildings) to reduce the 
buildings EUI 



Energy Modeling is Cool… 

http://hes.lbl.gov/consumer 

2317054 

http://hes.lbl.gov/consumer


Energy Modeling is Cool… 



Proof is in the Use 



Key Concepts: 

1. Energy Use Intensity is the metric 

2. Include the embedded energy in water in 
the Energy Use Intensity 

3. The Energy Budget is determined by the area 
of PV on the roof of the home (and 
potentially covered parking for commercial 
buildings) 

4. Net-zero must be proven with 12 months 
continuous use prior to issuing certificate 



Agenda 

• Background 

• Development Process 

• Residential Code 

• Commercial Code 

• Economics 

• Green House Gas Emissions 

 



Code Structure 
This voluntary standard amends the 2006 International Energy Conservation Code as 

follows: 
• Add new section 406 to read: 
• Section 406 Residential Net Zero Energy Building Voluntary Alternative 

– Scope.    
– Definitions 
– Prescriptive Path Compliance  

• Energy Budget Development. 
• Energy Use Intensity Development. 
• Base Case Energy Use Intensity for nine cases, 3 construction types and 3 

Orientations 
• List of Energy Efficiency Measures 
• Additional Measures to offset other uses such as pools and spas 
• Documentation.   

– Simulated Performance Path Compliance 
– Net-Zero Energy Retrofit 
– Performance Documentation. 

 
 



Summary of Residential Energy 
Efficiency Measures 

Net Zero Minimum IRC Minimum Energy Star BOP

Roof Insulation R-50 R-30 R-30

Walls Insulation R-30 R-13 R-13

Roof Reflection .75

Wall Reflection .60

Windows U=0.24 SHGC=0.25 + Interior blinds U=0.75 SHGC=0.40 U=0.55 SHGC=0.35

   Location and Area of windows limited

Infiltration = 3 ACH50 (2012 IECC = 5 ACH50) 7 ACH50

Lighting all energy star (CFL or LED) 50% E*

Equipment (TV, Computer, etc) all E*

Programmable T-Stat 78/68 w set back Programmable T Stat

SEER 19.1 HSPF=10.3 SEER 13 SEER 14.5

Solar Hot Water

Efficient Water Fixtures 

Xeriscaping

Option for thermal mass and natural ventilation



Energy Use Intensity  
< Energy Budget (Residential) 

Energy Use Intensity Factor in kBtu/sf/yr

Baseline DSWH Bonus

EW 48.64 28.76 28.49

Frame NS 49.30 28.68 28.55

Off 49.25 28.63 28.63

EW 51.76 29.10 28.27

Mass NS 53.35 29.42 29.26

Off 53.35 29.49 29.05

EW 51.76 26.48 25.61

Insul Mass NS 53.35 26.67 26.51

Off 53.10 26.65 26.21

Maximum 

Energy 

Budget 

Factor Ave: 51.54 29.00

2.1Embedded energy in 

water Factor

SFR



Proof 

• Performance Documentation.  After one year of continuous operation 
by applicant, submit a calculation and utility bills confirming net zero as 
follows: 
 

 PV production – [Gas + Electric + (water * energy)] ≥ 0 
 

 (Note: A positive number means that the building is an annual net positive 
producer of energy.) 

 
– PV production = AC electrical production of on site photovoltaic panels 

converted to kBtu 
– Gas = gas use for the year in kBtu 
– Electric = electricity use for the year in kBtu 
– Water = gallons of water used for the year 
– Energy = 0.0503 kBtu/gal for the energy embedded in water 
– Note:  solar thermal production is automatically accounted for by the 

deferment of gas or electrical consumption. 
 

• The building official will issue a certificate of Net-Zero Compliance 



Roof Energy Production? 

Table 406.3.1.5(1) One Story Residential Energy Budget Factor kBtu/sf/yr – Rectangle or Square 

 
Orientation 

Type of Roof 

Flat-Perimeter 

Parapets Only 

Flat- Perimeter 

and Interior 

Parapets 

Pitch ≤ 2:12 Pitch > 2:12 

E-W 37.5[1] (50%) 22.5 (30%) 67.6 (90%) 33.8 (45%) 

N-S 33.8 (45%) 22.5 (30%) 67.6 (90%) 33.0 (44%) 

Off Axis 30 (40%) 18.8 (25%) 67.6 (90%) Note[2] 
 
 

 

 
[1] First  number is kBtu/sf/yr  (Number in parenthesis is the percentage of roof covered with photo voltaic and/or  solar thermal 

panels used to model the Energy Budget) 
[2] Use Section 406.4 



Orientation 

Type of Roof 

Flat-Perimeter 

Parapets Only 

Flat- Perimeter 

and Interior 

Parapets 

Pitch ≤ 2:12 Pitch > 2:12 

E-W 28.1[1] (38%) 16.9 (23%) 50.7 ((68%) 25.3 (34%) 

N-S 25.3 ((34%) 16.9 (23%) 50.7 (68%) 24.8 (33%) 

Off Axis 22.5 (30%) 14.1 (19%) 50.7 (68%) Note[2] 

Roof Energy Production? 

Table 406.3.1.5 (2) One Story Residential Energy Budget Factor kBtu/sf/yr – Irregular  

 
 

 

 
[1] First  number is kBtu/sf/yr  (Number in parenthesis is the percentage of roof covered with photo voltaic and/or  solar thermal 

panels used to model the Energy Budget) 
[2] Use Section 406.4 

 

 
 

 



Fun Stuff 

• Determine your Energy Budget 

• Model web page calculator 

F:/Model Web Page Calc_v5.xls


Building Strategies Table 



Agenda 

• Background 

• Development Process 

• Residential Code 

• Commercial Code 

• Economics 

• Green House Gas Emissions 

 



Code Structure 
This voluntary standard amends the 2006 International Energy 

Conservation Code as follows: 
add new section 507 to read: 

• Section 507 Commercial Net Zero Energy Building Voluntary 
Alternative 
– Scope 

– Definitions 

– Prescriptive Path Compliance 
• Energy Use Intensity Development. 

• Base Case Energy Use Intensity  

• Requirements by building type and use 

• Additional Measures to reduce Energy Use Intensity  

• Additional Measures to offset other uses such as pools and spas 

• Documentation 

– Simulated Performance Path Compliance 

– Net Zero Energy Retrofit 

– Performance Documentation 



Energy Use Intensity  
< Energy Budget (MultiFamily) 

Energy Use Intensity Factor in kBtu/sf/yrEnergy Use Intensity Factor in kBtu/sf/yr

Baseline DSWH Bonus

EW 46.68 20.96 20.80

Frame NS 47.66 21.53 21.35

Off 47.80 21.17 21.00

EW 52.14 23.30 23.29

Mass NS 53.82 23.99 23.98

Off 53.38 23.76 23.75

EW 52.14 19.96 19.95

Insul Mass NS 53.82 20.15 20.14

Off 53.38 20.06 20.05

Maximum 

Energy 

Budget 

Factor Ave: 51.20 23.50 Ave:

2.10Embedded energy in 

water Factor

MF



Energy Use Intensity  
< Energy Budget (Office) 

Energy Use Intensity Factor in kBtu/sf/yr

Bonus

Baseline DSWH EconomizerVAV ERV

EW 44.63 17.54 17.49 13.55 16.62

Frame NS 46.69 18.11 18.06 14.09 17.15

Off 45.70 17.94 17.89 13.87 17.02

EW 45.16 19.64 17.49 16.48 18.79

Mass NS 47.68 18.29 18.28 15.48 17.32

Off 46.62 20.87 20.85 17.97 19.29

EW 45.16 18.21 18.20 15.34 17.37

Insul Mass NS 47.68 16.78 16.77 14.09 15.79

Off 46.62 16.55 16.53 13.74 15.59

Maximum 

Energy 

Budget 

Factor Ave: 46.22 20.00

1.3Embedded energy in 

water Factor

Office



Energy Use Intensity  
< Energy Budget (Retail) 

Energy Use Intensity Factor in kBtu/sf/yr

Bonus

Baseline DSWH EconomizerVAV ERV

EW 46.43 19.34 19.29 15.35 18.42

Frame NS 48.49 19.91 19.86 15.89 18.95

Off 47.50 19.74 19.69 15.67 18.82

EW 46.96 21.44 19.29 18.28 20.59

Mass NS 49.48 20.09 20.08 17.28 19.12

Off 48.42 22.67 22.65 19.77 21.09

EW 46.96 20.01 20.00 17.14 19.17

Insul Mass NS 49.48 18.58 18.57 15.89 17.59

Off 48.42 18.35 18.33 15.54 17.39

Maximum 

Energy 

Budget 

Factor Ave: 48.02 21.80

3.1

Retail

Embedded energy in 

water Factor



Agenda 

• Background 

• Development Process 

• Residential Code 

• Commercial Code 

• Economics 

• Green House Gas Emissions 

 



Economics 

• What do energy efficiency improvements 
cost? 

• Nega-watt = the energy saved over the life of 
an energy efficiency improvement 

• The Nega-watt Tipping point: 

– when the cost of a nega-watt costs more 
than a PV watt 



Fun Stuff 

• Nega-watt calculator 

• Nega-watt          = <3 to 5 cents 

• PV watt               =   7 cents with incentives 
              (16 cents without incentives) 

• Solar Hot water =   3 cents with incentives 

• TEP watt             = 11 cents 

F:/Nega_Watt_Tipping_Point_v02.2.xls
F:/Nega_Watt_Tipping_Point_v02.2.xls
F:/Nega_Watt_Tipping_Point_v02.2.xls


SAVE Act 
(Sensible Accounting to Value Energy 
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How to Keep Informed 

• Join the linked in group Sonoran Green: 



www.pimaxpress.com/Green 


