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MEMORANDUM 
To: Micah Babbitt, Karla Dailey (CPAU)  

From: Mia Nakajima, Marian Goebes, Cathy Chappell (TRC) 

Re: FY2019 Savings from GBO  

FY2019 SAVINGS FROM THE CPAU GREEN BUILDING ORDINANCE 

(GBO) 

1.1 Introduction 

1.1.1 Purpose 

For the FY2019 evaluation of the City of Palo Alto Utility’s (CPAU) energy efficiency programs, CPAU requested that 
TRC provide an evaluation of savings from its Green Building Ordinance (GBO). This memo provides the approach 
and savings results of TRC’s evaluation.  

1.1.2 GBO Overview 

The GBO is a requirement passed by the City of Palo Alto that new construction and some types of retrofits in Palo 
Alto exceed Title 24 building code requirements. Palo Alto passed: 

 a GBO in 2013 (the “2013 GBO”), which included requirements for new construction and commercial 
lighting retrofits beyond Title 24 requirements.  

 a GBO in 2016 (the “2016 GBO”), effective November 24, 20161, which had requirements for new 
construction, but no requirements for retrofit projects.  

 a GBO in 2019 (the “2016 GBO”); however, because the targeted date for its enforcement starts January 1, 
2020, there were no projects included in this evaluation built under the 2019 GBO. 

As described below, projects with documented savings fell into one of three categories: 

1. Whole building projects with documented kWh and therms savings from the final page of an Econ-1 from 
an energy model, or 

2. Whole building projects “compliance results” only. These projects do not have documented kWh or therms 
savings, but show time dependent valuation (TDV) savings from compliance results from an Econ-1 energy 
model, or 

                                                           

1 Effective dates based on 
http://library.amlegal.com/nxt/gateway.dll/California/paloalto_ca/paloaltomunicipalcode?f=templates$fn=default.htm$3.0$
vid=amlegal:paloalto_ca  

http://library.amlegal.com/nxt/gateway.dll/California/paloalto_ca/paloaltomunicipalcode?f=templates$fn=default.htm$3.0$vid=amlegal:paloalto_ca
http://library.amlegal.com/nxt/gateway.dll/California/paloalto_ca/paloaltomunicipalcode?f=templates$fn=default.htm$3.0$vid=amlegal:paloalto_ca
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3. Lighting projects (primarily commercial retrofits) documented with the final page of a lighting calculator. 

There were also projects in the database with no documented savings.  

1.2 Evaluation, Measurement, and Verification (EM&V) Approach 

1.2.1 Data Sources  

CPAU provided TRC with the following documents. 

Database of Savings 

“FY2019-GB-Energy-Savings-Metrics-Spreadsheet_FINAL.xlsx” (abbreviated as “FY2019 savings”). This Excel 
database listed all projects completed in FY2019 and showed 369 total projects (where a project corresponds to an 
individual permit number). The database provided the following fields, although many projects had missing fields as 
indicated: 

 Commercial, Residential, or Multifamily project 

 Code Cycle 

 Permit Number 

 Job Value (in dollars) 

 Permit Type 

 Description 

 Contractor Name 

 Date Issued 

 Inspection Date 

 Project Address 

 Project Square Footage (sf) 

 Indoor Margin Lighting (watts)  

 Electricity From Econ-1  

 Margin Electricity Use (kWh/ft2-year): blank for 276 projects 

 Margin Natural Gas use (therms): The 276 projects that were missing information for margin electricity use 
were also blank for margin natural gas use. There were an additional 77 projects that were blank for natural 
gas; most of these were lighting projects, indicating that CPAU did not account for interactive effects (i.e., 
increased heating needs due to reduced waste heat from efficient lighting). 

 Total Water Savings (Gallons/Year)  

Supporting Project Files 

CPAU provided three types of supporting files for projects with electricity or natural gas savings: 

 Econ 1 files: showed the final page of the model showing energy savings based on a whole building model. 
It was primarily used for new construction projects. CPAU provided the final page of Econ 1 showing 
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savings, but not supporting pages. Because the GBO requires compliance on a TDV basis, some files only 
showed TDV savings, not kWh or therms savings. 

 Compliance report: showed the compliance results table with TDV savings from the model results. CPAU 
provided a screenshot of the compliance results table, but sometimes not the whole page. No supporting 
pages from the analysis results were provided.  

 Lighting calculators: showed the difference in Installed Watts and Allowed Watts from lighting projects. 
CPAU provided the final page of the calculator, but the not supporting pages. To calculate kWh savings, TRC 
multiplied the difference between the Installed Watts and Allowed Watts by annual hours of use (HOU) 
based on the building type based on DEER2016 assumptions. As described in more detail below, for some 
projects, TRC adjusted the Allowed Watts value based on the Title 24 allowances for that project (which 
depends on the Title 24 version and building type). In addition, TRC added interactive effects for indoor 
projects, to account for the increase in natural gas savings (negative therm savings) from more efficient 
lighting. 

Of the 276 projects that did not have electricity savings claimed in the program database:  

 144 projects did not have any of the supporting files described above. The most common project type 
without supporting files was residential new construction, which should have triggered GBO requirements. 
The next most common project type was residential alterations, which likely would not trigger a GBO 
requirement. 

 Of the remaining 132 files, 129 files had compliance reports. Of those 129 projects, TRC was able to award 
savings to 54 residential new construction projects based on correlation of electricity and natural gas 
savings compared with TDV savings, as described in more detail below. TRC also found three lighting 
calculators with blank savings in the original database and awarded savings to these projects. The 
remaining 75 projects included residential and commercial alterations—for which TRC believed a 
correlation between TDV and kWh or therms savings was less accurate, as discussed below. 

Ultimately, TRC awarded savings to 144 projects and did not award savings to 225 projects. Please see our detailed 
summary in Figure 12.  

1.2.2 Savings Calculation for Whole Building Projects with Econ-1 Documentation 

To verify energy savings for residential permitted projects, TRC reviewed the Econ 1 files to determine whether the 
Margin Electricity and Natural Gas Use reported by CPAU matches the values on the Econ 1. Of the sixteen projects 
with documented savings, the claimed savings in the GBO database did not match the Econ 1 files for four projects2. 
For three of these projects, the reported value was only slightly incorrect: the value was misreported by only one 
therm. For the remaining project, the reported value was incorrect by 100 kWh. TRC adjusted savings from these 
projects to match the Econ-1 files. 

1.2.3 Savings Calculation for Whole Building Projects with Compliance Reports 

For projects where only a compliance report was provided by CPAU, TRC estimated electricity and natural gas 
savings using linear regression of modeling results of electricity, natural gas, and TDV by end-use (heating, cooling, 
and water heating) using Title 24 2016 prototypes. The detailed methodology is below.  

                                                           
2 One project had documented kWh and therms savings but did not provide documentation through an Econ-1 file.  
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Project Selection 

Of the 129 projects with a compliance report, 55 projects had a 101 (Residential New Single Family) permit and 56 
had a 434 (Residential Additional and Remodel) permit. The remaining projects had permit types of 437 
(Commercial Addition and Remodel), 438 (Residential Garage/Carport), 433 (Residential Remodel and Repair), and 
436 (Commercial Remodel and Repair). TRC reviewed projects with permit types 101 and 434, since most of the 
projects had these permit types. 

In order to check if savings calculated from regression is reasonable for each permit type, TRC reviewed projects 
from the FY2018 and FY2019 GBO database that had both an Econ-1 file and compliance report. There were 16 
projects with a 101 permit type and 3 projects with a 434 permit type with both an Econ-1 file and compliance 
report. There were too few projects with a 434 permit type to verify accuracy of savings estimates using regression 
analysis using data from permit-type 434 only. In addition, TRC investigated if the three projects of permit type 434 
fit the regression analysis for permit-type 101, but they did not. Consequently, TRC only awarded savings to 
projects with a 101 permit type.  

Linear Regression for Savings by End-use for Residential New Construction (permit type 101) 

Each compliance report had annual TDV energy usage by end-use such as space heating, space cooling, indoor fans, 
heat rejections, pumps and miscellaneous, and domestic hot water. TRC calculated savings for the space heating, 
space cooling, and domestic hot water end uses, since TRC found these end uses to contribute to most of the 
savings. Because there were no hourly results provided, TRC estimated an annual multiplier for TDV savings to 
electricity and natural gas savings based on correlations, described here.  

TRC made the following assumptions about the 101 permit type projects to create a linear model of TDV savings:  

1. Since the compliance report did not provide the fuel type of the building, TRC assumed all residences are 

mixed-fuel natural gas buildings. To verify this assumption, TRC used the 16 projects with both an Econ-1 

file and compliance report described in Section 1.2.3. 

2. TDV savings from space heating and water heating end uses are from natural gas savings.  

3. TDV savings from space cooling end uses are from electricity savings. 

4. Relationship between TDV savings and natural gas savings differ by end use (space heating or water 

heating).  

As described below, 15 of the 16 projects with both an Econ-1 file and compliance report appeared to follow the 
assumptions listed above (mixed fuel, with natural gas-fueled space heating and water heating, and electric space 
cooling – if present). 

TRC then used Title 24 2016 prototypes (2,100 sf and 2,700 sf) and created mixed fuel natural gas models in CBECC-
Res 2016. TRC adjusted system efficiencies and envelope materials to create models with different electricity, 
natural gas, and TDV savings by end-use. Energy results are shown in   



MEMORANDUM (continued) 
To: Micah Babbitt (CPAU)  February 4, 2020 
Re: FY2019 GBO Savings  

Page 5 of 22   

Figure 1 through Figure 3 by end use.  
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Figure 1. Space Heating Correlation between TDV and Natural Gas Usage 

 

Figure 2. Space Cooling Correlation between TDV and Electricity Usage  
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Figure 3. Water Heating Correlation between TDV and Natural Gas Usage 

 

To generate annual multipliers between TDV and electricity or natural gas by end use, TRC took each slope 
estimated in the linear regression lines in the figures above. To create a conservative savings estimate, TRC 
decreased the slope to the lowest estimate within the 90% confidence interval and assumed that multiplier for kWh 
or therms based on TDV savings. Note that, since the fit of the regression line was very high and the standard error 
of the slope was very low, slopes did not decrease substantially at the lower end of the 90% confidence interval. 
Figure 4 shows the final slope and intercepts calculated by end use.  

Figure 4. Slope using lowest end of 90% confidence interval 
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Using the values in Figure 4, for each of the 101 permit type projects, TRC calculated electricity and natural gas 
usage as:  

Electricity Usage (kWh) = -8.324 kWh +  
0.01 (kWh/kTDV) * Compliance Space Cooling Energy Use (kTDV/ft2-yr) * Building Area (ft2) 

 
Natural Gas Usage (Therms) = -10.09 Therms + 

 0.005 (Therms/kTDV) * Compliance Space Heating Energy Use (kTDV/ft2-yr) * Building Area (ft2) +  
-2.8322 Therms +  
0.0061 (Therms/kTDV) * Compliance Water Heating Energy Use (kTDV/ft2-yr) * Building Area (ft2) 

Check Linear Regression on 101 Permit Type Projects 

In order to check the accuracy of saving estimates from regression, for the 16 projects with 101 permit type with 
both an Econ-1 file and compliance report, TRC calculated electricity and natural gas savings from the compliance 
reports and compared the values with the actual savings from the Econ-1 file. Comparisons between the calculated 
and documented savings are shown in Figure 5 through Figure 8.  

In Figure 5, there is one outlier project where there are large documented electricity savings in the Econ-1 file, even 
though the TDV energy increases for space cooling in the compliance report. This is likely because either the space 
heating or water heating system is fueled by electricity rather than natural gas. In this case, TRC underestimated 
electricity savings and overestimated natural gas savings. TRC circled the outlier project in Figure 5 and Figure 6. 

 

Figure 5. Calculated Electricity Saving vs. Documented Econ-1 Savings with Outlier 
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Figure 6. Calculated Natural Gas Savings vs. Documented Econ-1 Savings with Outlier 
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Figure 7. Calculated Electricity Savings vs. Documented Econ-1 Saving without Outlier 

 

Figure 8. Calculated Natural Gas Savings vs. Documented Econ-1 Savings without Outlier 

 

y = 0.8525x - 6.74
R² = 0.8587

-150

-100

-50

0

50

100

150

-150 -100 -50 0 50 100 150

C
al

cu
la

te
d

 k
W

h
 S

av
in

gs

Econ-1 kWh Savings

y = 0.8353x + 8.1026
R² = 0.7213

0

20

40

60

80

100

120

140

160

0 20 40 60 80 100 120 140 160 180

C
al

cu
la

te
d

 T
h

er
m

s 
Sa

vi
n

gs

Econ-1 Therms Savings



MEMORANDUM (continued) 
To: Micah Babbitt (CPAU)  February 4, 2020 
Re: FY2019 GBO Savings  

Page 11 of 22   

1.2.4 Lighting Projects Savings Calculations  

Savings Assumptions 

For projects with lighting savings, TRC reviewed the lighting calculator with installed and allowed wattages to 
determine the wattage reduction over code. TRC found five projects with differing wattages in the GBO savings 
database, as compared to the lighting calculators, and made adjustments to these projects to match the lighting 
calculators. TRC then identified whether the space is interior conditioned, interior unconditioned (i.e., parking 
garage), or exterior for consideration of interactive effects. TRC determined the building type based on the project 
description; for commercial buildings, TRC assigned operating hours based on DEER20133. In the case that there are 
multiple zone types, TRC applied a building type for each project zone. For residential buildings, because DEER does 
not include residential lighting HOU, TRC assumed 1.9 hours/day and 694 hours/year based on the statewide 
average across interior and exterior lighting from a 2008 study4. TRC also applied interactive effects for lighting 
measures using DEER 2013 Interactive Effects assumptions to align with the TRM4005 calculator assumptions. For 
simplicity, TRC assigned the interactive effect for small offices to all commercial lighting projects besides large 
offices, because large and small office space types comprised the bulk of savings from commercial GBO lighting 
projects: 1.07 kWh/lighting kWh savings and -0.0039 therms / lighting kWh savings for small office; and 1.12 
kWh/lighting kWh savings and -0.0056 therms/lighting kWh savings for large office.  

TRC calculated lighting savings as: 

Lighting Electricity Savings (kWh/yr) = Delta Watts * Operating Hours/yr * 1 kWh/1000Wh 

For projects conducted in conditioned space, TRC also assumed interactive effects.  

Natural Gas Savings (Therms/yr) = Lighting Electricity Savings * Heating IE factor 

Total Electricity Savings (kWh/yr) = Lighting Electricity Savings * Cooling IE factor 

Adjustments to Baseline (Allowed Wattage) Assumption 

TRC also investigated power allowances of projects that claimed an installed wattage less than 70% of the allowed 
power allowance (i.e., if claimed wattage savings greater than 30%), since this much savings could be hard to 
achieve. Specifically, TRC compared the allowed power wattage in the lighting calculator to code (Title 24 
allowances), as described below. 

Indoor Lighting 

TRC used the Complete Building Method in Section 140.6 of Title 24 to check power allowances of projects. TRC 
multiplied the building area (in square feet) by the allowed lighting power density (watt/sf) depending on the code 
year and building type provided in Table 140.6-B of Title 24. TRC confirmed building areas provided in the FY2019 
savings database by measuring buildings in Google Earth. Building areas generally matched the measured Google 
Earth estimates, so TRC used the building areas provided in the FY2019 savings database.  

After recalculating power allowances, TRC found that some of power allowances documented in the lighting 
calculator greatly exceeded the power allowances calculated by TRC. TRC adjusted lighting savings according to the 
following:  

                                                           
3 Used in the 2017 California Municipal Utilities Association: Savings Estimation Technical Reference Manual (TRM). 

4 Gaffney et al. 2010 “2008 Lighting Metering Study” https://aceee.org/files/proceedings/2010/data/papers/2225.pdf  

5 TRM400_Energy savings calculator_nonres lighting_v8-9-2018 

https://aceee.org/files/proceedings/2010/data/papers/2225.pdf
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 If the power allowance calculated by TRC was lower than the documented power allowance, TRC calculated 
energy savings using the power allowance calculated by TRC.  

 If the power allowance calculated by TRC was higher than the documented power allowance, TRC assumed 
the documented power allowance to give a conservative estimate.  

 If TRC identified projects with unreasonable power allowances and building area was not provided (at all, or 
by unconditioned and conditioned area), TRC tried to find building area on Google Earth. If TRC could not 
reasonably estimate the building area, TRC did not include savings from these projects. 

Outdoor Lighting 

For outdoor lighting projects, TRC found that many projects claimed greater than 30% wattage savings. Hardscape 
area was difficult to estimate using Google Earth, so TRC calculated power allowances of projects with savings 
greater than 1,000W using Hardscape Area Wattage Allowances from Table 140.7-A of Title 24 2013 and 2016.  

There were two projects with a difference between installed and allowed wattage that was greater than 1,000 
watts. Both Google Earth images were under construction, so to be conservative, TRC excluded any landscape area, 
such as areas with trees6. Figure 9 shows the measured areas in Google Earth highlighted in orange. Power 
allowances were replaced by TRC for one project, since TRC estimated the documented power allowances 
exceeded the calculated power allowances.  

Figure 9. Measured Areas in Google Earth for Outdoor Lighting 

 

For the outdoor lighting projects that did not exceed 1,000 watts of savings with wattage savings greater than 30%, 
TRC did not include savings from these projects, because estimated savings would be small (less than 4,100 kWh), 
so did not warrant spending EM&V resources to calculate. 

  

                                                           
6 For a conservative estimate, TRC assumed an area was excluded as hardscape when it was unclear whether it should be 

included. A smaller hardscape area leads to a smaller lighting allowance, which leads to a smaller difference between the 
installed and allowed wattage, and hence lower savings. 
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Lighting project review results 

Figure 10 summarizes the total projects for which TRC adjusted or omitted indoor or outdoor lighting savings. 
Ultimately, TRC decreased savings for 24 projects and omitted savings for 9 projects.  

 

Figure 10. Summary of Adjusted Lighting Savings 

Total Adjusted or Omitted Lighting Projects 33 

Projects checked by TRC 

Conditioned Indoor Lighting  34 

Unconditioned Indoor Lighting 3 

Outdoor Lighting 2 

Total lighting projects checked by TRC 39** 

Projects where TRC verified savings equaled reported 

Conditioned Indoor Lighting  12 

Unconditioned Indoor Lighting 0 

Outdoor Lighting 1 

Total lighting projects with original savings 13 

Projects where TRC adjusted to lower savings 

Conditioned Indoor Lighting  21 

Unconditioned Indoor Lighting 2 

Outdoor Lighting 1 

Total lighting projects with adjusted savings 24 

Projects where savings could NOT be assigned directly 

Conditioned Indoor Lighting 1 

Unconditioned Indoor Lighting 1 

Outdoor Lighting* 7 

Total lighting projects where all or some savings could NOT be assumed 9 

*These lighting projects also had indoor lighting savings that were assumed.  

**This total does not include the 7 omitted outdoor lighting projects. 

1.2.5 Lifecycle and Net Savings Calculations  

To calculate gross lifecycle savings, TRC assigned the expected useful life (EUL) a value of the lesser of 15 years or 
the project specific measure life, based on 50,000 hours7/HOU for the project. For whole building projects, TRC 

                                                           
7 TRC assumed that all lighting installations are fixtures (with a measure life of 50,000 hours, compared with 25,000 hours for 

lamps) because all projects submitted a permit and used Title 24 as the baseline. 
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assumed an EUL of 15 years, as the majority of measures that TRC believes projects would use to exceed Title 24 
(based on industry experience) are envelope measures, domestic hot water equipment, and heating and cooling 
equipment—which generally have EULs of 15 years or greater. For the net-to-gross ratio (NTGR) for calculating net 
savings, TRC used DEER2016 values where available, and industry best judgment otherwise: 

 TRC used the NTGR values from DEER2016 for commercial lighting projects (0.61). This is lower than 
previous versions of DEER (DEER2014: 0.8), but because DEER2016 took effect January 1, 2017 (before the 
start of FY2018), TRC viewed DEER2016 as the most accurate source.  

 For whole building projects, neither DEER2016 nor past versions of DEER provide NTGRs. For residential 
whole building projects, TRC was not able to identify a recent impact evaluation of a California new 
construction program. The most recent residential new construction impact evaluation that TRC identified 
was a study of an investor-owned utility 2006-2008 program, which is too old to be accurate. TRC used 
industry judgment to assume a NTGR value of 0.8 for residential whole building projects, based on the 
rationale that it has become difficult to exceed Title 24-2016 and Title 24-2019 due to increasing code 
requirements. In addition, CPAU assumed a NTGR of 0.8 for the residential new construction program in 
FY2015. (CPAU has since discontinued that program.) 

 For the one commercial whole building project, TRC assumed a NTGR equal to 0.8 to align with the CPAU 
FY2017 Business New Construction (BNC) assumption. Because there was only one commercial whole 
building project in the FY2019 GBO program, and it had low savings, this assumption had very little impact 
on results.  

Figure 11 provides a summary of EUL and NTGR assumptions.  
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Figure 11. GBO Assumptions for EUL and NTGR 

Project type EUL EUL Source NTGR NTGR Source 

Commercial 
lighting 
project 

50,000 
hours/project 
HOU or 15 years, 
whichever is lower 

TRM 0.61 
From IOU 2017 Deemed Impact 
Evaluation 

Residential 
lighting 
project 

50,000 
hours/project 
HOU or 15 years, 
whichever is lower 

TRM 0.6 From DEER 2016 

Whole 
building 
commercial  

15 

EUL for whole 
building not in DEER. 
Measures that 
should contribute 
commercial whole 
building savings have 
DEER EUL of 15 
years. 

0.8 
Used CPAU NTGR assumption for FY2017 
Business New Construction program. 

Whole 
building 
residential  

15 

EUL for whole 
building not in DEER. 
Measures that 
should contribute 
residential whole 
building savings have 
DEER EUL of 10-20 
years. 

0.8 

Based on TRC's industry judgment and 
CPAU FY2015 assumption for residential 
new construction program. Given the 
increasing stringency of Title 24 (in 
version Title 24-2016 an Title 24-2019), it 
has become more difficult and less cost 
effective to exceed Title 24, so free 
ridership should be low.  

TRC multiplied gross savings by the NTGR to calculate net savings and multiplied savings by EUL to calculate 
lifecycle savings.  

1.2.6 Projects without Energy Savings Documentation  

Of the 369 projects in the FY2019 GBO database, 115 projects had no documentation provided. There were 10 
projects that had only water savings or a green building survey documentation. Although the green building survey 
had TDV savings, since the survey did not have TDV savings by end use, electricity and natural gas savings could not 
be calculated for these projects. TRC also found 16 projects for which the address matched the name provided in 
the screen shots folder, but the permit number did not match. Since there were many projects with the same 
address but differing permit numbers (i.e., outdoor malls), if both the address and permit number did not match, 
TRC did not award savings to the project.  

1.2.7 Methodology to Remove Savings from Program Participants 

TRC reviewed databases corresponding to Commercial and Industrial Energy Efficiency Program (CIEEP), 
Commercial Advantage Program (CAP), and Business New Construction (BNC) for GBO projects to remove savings 



MEMORANDUM (continued) 
To: Micah Babbitt (CPAU)  February 4, 2020 
Re: FY2019 GBO Savings  

Page 16 of 22   

that were potentially double-counted with incentive programs. TRC checked project addresses but did not find any 
overlapping projects, so TRC did not make any adjustments to savings.  

1.3 EM&V Results 

Figure 12 shows the number of projects for which TRC determined savings. As shown, TRC ultimately determined 
savings for 144 projects. The majority of these projects (75) were lighting projects. For the remaining 225 projects, 
220 did not have sufficient documentation and 5 were removed due to blurry documents, shared savings, or 
omitted as deemed unreasonable savings.  

Figure 12. Total Projects and Claimable Savings 

Total projects in FY19 GBO database 369 

Projects where TRC Assigned Savings 

Projects with Econ-1 documentation  16 

Projects with Compliance Report documentation 54 

Projects with Lighting Calculator documentation 75 

Total projects where savings could be assumed 144 

Projects where Savings could NOT be Assigned Directly 

Projects with insufficient documentation  

Projects with no documentation found 115 

Projects with only water savings or green buildings survey 
documentation 

11 

Projects with an address and permit number combination not found 
in screen shots 

18 

Projects with only Compliance Report documentation where savings 
could not be calculated due to small sample size 

75 

Projects with documentation where savings could not be assumed  

Projects with documentation too blurry to read 2 

Projects with shared savings with another project 1 

Indoor lighting projects omitted during quality assurance and control 
(QA/QC) 

2 

Total projects where all savings could NOT be assumed 225 

Outdoor lighting projects omitted during QA/QC with indoor lighting 
savings 

7 

Total projects where all or some savings could NOT be assumed 232 

Based on the documented projects, TRC calculated annual savings shown in  

Figure 13. As shown, 99.5% of electricity savings came from lighting projects. Interior lighting projects produced 
negative natural gas savings due to interactive effects. All but three lighting projects were for commercial buildings. 
For the whole building projects, all but one was for a residential building. 
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Figure 13. Savings Claimed by Project Type 

  
No. of 

Projects 

Gross 
Savings 
(kWh) 

Gross 
Savings 

(Therms) 

Average 
kWh per 
Project 

Average 
Therms 

per 
Project 

% of 
Total 
kWh 

Savings 

Lighting 75 749,841 -3,424 9,998 -46 99.5% 

Whole Building (Econ-1) 16 3,041 1,303 190 81 0.4% 

Whole Building (Compliance Report) 54 980 3,719 18 69 0.1% 

Total 145 753,862 1,598 5,199 11 100% 

 

Figure 14 and Figure 15 show annual and lifecycle, gross and net savings by project type.  

 

Figure 16 and Figure 17 show annual and lifecycle, gross and net savings by building type. TRC categorized 
multifamily buildings as residential buildings.  

 

Figure 14. Gross and Net Annual Savings by Project Type 

  
Gross Savings 

(kWh) 
Gross Savings 

(Therms) 
Net Savings 

(kWh) 
Net Savings 

(Therms) 

Lighting 749,841 -3,424 457,259 -2,088 

Whole Building (Econ-1) 3,041 1,303 2,433 1,042 

Whole Building 
(Compliance Report) 980 3,719 784 2,975 

Total 753,862 1,598 460,476 1,929 
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Figure 15. Gross and Net Lifecycle Savings by Project Type 

  
Gross Lifecycle 
Savings (kWh) 

Gross 
Lifecycle 
Savings 

(Therms) 

Net Lifecycle 
Savings (kWh) 

Net Lifecycle 
Savings 

(Therms) 

Lighting 9,987,874 -49,134 6,091,605 -29,966 

Whole Building (Econ-1) 45,620 19,542 36,496 15,634 

Whole Building (Compliance Report) 14,700 55,789 11,760 44,631 

Total 10,048,193 26,197 6,139,861 30,299 

 

Figure 16. Gross and Net Annual Savings by Building Type 

  Gross Savings (kWh) 
Gross Savings  

(Therms) 

Net Savings  

(kWh) 

Net Savings 
(Therms) 

Commercial 737,887 -3,146 450,572 -1,874 

Residential 15,975 4,744 9,904 3,804 

 

Figure 17. Gross and Net Lifecycle Savings by Building Type 

  
Gross Lifecycle 
Savings (kWh) 

Gross Lifecycle 
Savings (Therms) 

Net Lifecycle 
Savings (kWh) 

Net Lifecycle 
Savings (Therms) 

Commercial 9,924,442 -45,069 6,060,816 -26,820 

Residential 123,751 71,266 79,045 57,119 

1.4 Conclusions 

TRC calculated total annual gross savings of 753,862 kWh and 1,598 therms and total lifecycle gross savings of 
10,048,193 kWh and 26,197 therms. Almost all kWh savings came from lighting projects, and almost all therms 
savings came from whole building projects. TRC calculated: 

 Lower electricity savings than what CPAU reported in the FY2019 GB Energy Savings workbook: 1,164,012 
gross annual kWh savings, for an electricity realization rate of 65%. TRC’s adjustment to allowed power 
allowance to align with Title 24 requirements were the main reduction to savings.  This reduction was 
somewhat dampened by two sources of savings that TRC added:  

 Savings from lighting projects in indoor unconditioned spaces (typically parking garages), which CPAU 
had not reported,  

 Savings from projects with TDV savings only for new construction residential projects (permit type 101) 
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 Almost the same natural gas savings compared to what CPAU reported: 1,489 gross annual therm savings, 
for a natural gas realization rate of 107%. TRC accounted for negative natural gas savings from indoor 
conditioned lighting projects, which reduced natural gas savings, but added natural gas savings from 
projects with TDV savings only for new construction residential projects (permit type 101). The adjustments 
appeared to have roughly balanced out. 

Many lighting projects with electricity savings were constructed under the 2016 GBO, which does not have a direct 
requirement for lighting savings beyond Title 24 requirements, unlike the 2013 GBO which required 15% savings 
beyond Title 24 requirements. However, the 2016 GBO does require the voluntary CALGreen tiers for addition and 
alteration projects, which requires 5 to 15% savings beyond Title 24 requirements for indoor lighting retrofits 
(depending on tier and whether other measures are implemented). Outdoor lighting projects must also be no 
greater than 90% of the allowed outdoor lighting power calculated using Title 24, Part 6, Section 140.7. Since these 
CALGreen requirements have been adopted by the 2016 GBO, TRC has attributed lighting retrofit savings to savings 
from the GBO.  

Of the 54 residential new construction projects, five projects under the 2013 code cycle had compliance margins 
less than 15%, and eight projects under the 2016 code cycle had compliance margins less than 10%. These projects 
do not appear to have met the GBO requirements. Most of the projects with no documentation (and blank kWh 
and Therms savings in the database) were also residential new construction, so may not be complying with the GBO 
requirements.  
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1.5 Appendix 

1.5.1 Title 24 Indoor Lighting Tables 

The below tables show complete building lighting power densities from Title 24, Part 6, 20138 and 20169 that TRC 
used to calculated allowed power allowances.  

Figure 18. Table 140.6-B from Title 24 2013

 

Figure 19. Table 140.6-B from Title 24 2016 

 

                                                           
8 https://ww2.energy.ca.gov/2012publications/CEC-400-2012-004/CEC-400-2012-004-CMF-REV2.pdf 

9 https://ww2.energy.ca.gov/2015publications/CEC-400-2015-037/CEC-400-2015-037-CMF.pdf 

https://ww2.energy.ca.gov/2012publications/CEC-400-2012-004/CEC-400-2012-004-CMF-REV2.pdf
https://ww2.energy.ca.gov/2015publications/CEC-400-2015-037/CEC-400-2015-037-CMF.pdf
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1.5.2 Title 24 Outdoor Lighting Tables 

The below tables show tables 140.7-A from Title 24, Part 6, 2013 and 2016 that TRC used to calculate outdoor 
lighting power allowances. Figure 22 shows definitions of lighting zones from Title 24, Part 1, 201610. TRC used the 
area wattage allowances for Lighting Zone 3 (defined in Figure 22) in this evaluation.  

 

Figure 20. Table 140.7-A from Title 24 2013 

 

 

Figure 21. Table 140.7-A from Title 24 2016 

 
  

                                                           
10 https://energycodeace.com/site/custom/public/reference-ace-

2016/index.html#!Documents/10114determinationofoutdoorlightingzonesandadministrativerulesfo.htm 

https://energycodeace.com/site/custom/public/reference-ace-2016/index.html#!Documents/10114determinationofoutdoorlightingzonesandadministrativerulesfo.htm
https://energycodeace.com/site/custom/public/reference-ace-2016/index.html#!Documents/10114determinationofoutdoorlightingzonesandadministrativerulesfo.htm
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Figure 22. Definitions of Lighting Zones 

 

 


