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ABSTRACT 

This report presents the results of the evaluation of the California Energy Commission’s ECAA-
ARRA Loan Program funded by the American Recovery and Reinvestment Act of 2009 (ARRA). 
The ECAA-ARRA program is based on the existing Energy Conservation and Assistance 
Account (ECAA) Program, which provides low-interest loans for energy efficiency and 
renewable energy retrofits to cities, counties, special districts, public schools and colleges. The 
evaluation team verified the energy savings realized from loans issued during 2009 – 2011, 
estimated greenhouse gas emission reductions, assessed job creation, and determined the 
effectiveness of the program implementation.  

Overall, the ECAA-ARRA Loan Program realized significant savings– about 16.2 gigawatt-
hours of electricity and 0.42 million therms. When comparing the evaluated estimates to the 
original estimated savings, and assuming that the existing conditions would have remained in 
place, this represents an achievement of 97 percent of the originally estimated electric savings 
and 63 percent of the therm savings. Electric savings consisted predominately of lighting 
measures, while heating, ventilation, and air conditioning measures comprised the bulk of 
natural gas savings. Solar photovoltaic projects funded by the ECAA-ARRA Loan Program 
generated more than one gigawatt-hour annually. The evaluation team projects the life-cycle 
savings to total more than 250 gigawatt-hours and nearly 0.75 million therms, as well as 31 
gigawatt-hours generated. More than 5,700 metric tons of greenhouse gas emissions will be 
avoided annually. Finally, participants reported high satisfaction with the program. The 
existing ECAA Program, developed in 1979 by the Energy Commission, provided an effective 
foundation for ensuring prudent use of ARRA funding. Lessons learned from the ARRA 
Program implementation period can strengthen the program in the future.  

 

Keywords: California Energy Commission; ECAA; loan program, evaluation, measurement and 
verification; energy savings; electricity savings; natural gas savings; energy efficiency; local 
jurisdictions; ARRA funding  
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EXECUTIVE SUMMARY 

 

Introduction 
The ECAA-ARRA Loan Program is a low-interest revolving loan program funded by U.S. 
Department of Energy (DOE), through the American Recovery and Reinvestment Act of 2009 
(ARRA). The Energy Commission based the program on the existing Energy Conservation and 
Assistance Account (ECAA) Loan Program, developed by the California Energy Commission in 
1979 but funded by a different source. The ECAA-ARRA Loan Program provided $19.5 million 
in low-interest loans for energy efficiency and renewable energy retrofits to cities, counties, 
special districts, public schools and colleges.  

Under the ECAA-ARRA Loan Program, the maximum loan amount was $3 million, and there 
was no minimum loan amount. The Energy Commission funded a broad range of measures 
under the ECAA-ARRA Loan Program. In addition to interior and exterior lighting, measures 
included heating, ventilating, and air conditioning (HVAC) equipment replacement, retrofits, 
and controls; variable-frequency drives and efficient motors; occupancy controls for lighting; 
and retrofits for water and wastewater equipment. The ECAA-ARRA Loan Program could also 
fund renewable energy generation. Most of the program’s savings came from energy-efficient 
streetlight measures. 

Between 2009 and 2011, the Energy Commission issued 33 program loans, totaling $19.5 million. 
Two of these loans funded solar photovoltaic energy generation projects, and the remaining 31 
loans achieved energy savings by implementing energy efficiency measures. The Energy 
Commission awarded loans across the state, from Del Norte to San Diego counties, in urban 
and rural areas. Typical facilities included libraries, offices, public safety buildings, colleges, 
and other local government buildings.  

Evaluators determined that net annual energy savings were 16.2 gigawatt-hours and about 
42,000 therms; energy generation was estimated at 1.1 gigawatt-hours per year.  

 

Evaluation Results 
The Energy Commission retained DNV KEMA Energy & Sustainability as evaluators to assess 
the effectiveness of the ECAA-ARRA Loan Program implementation and verify the energy 
savings attributed from loans approved in 2009 to 2011. Additional goals included estimating 
greenhouse gas emission reductions and program cost-effectiveness, assessing job creation, and 
informing the Energy Commission of any waste, fraud, or abuse of loan funds. Following the 
development of an evaluation plan, the evaluation was completed between May 2011 and 
August 2012. Overall, the evaluation confirmed that California should continue to fund the 
effective ECAA Program on which this program is based, which has achieved verified energy 
savings and greenhouse gas emissions reductions for local jurisdictions.  
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Summary of Results 
• The program design concept was successful. The Energy Commission effectively used 

ARRA funding to provide low-interest loans for energy efficiency and renewable energy 
projects in local jurisdictions, special districts, public schools, and colleges, which may 
not have had the resources to participate in this type of program before. 

•  The Energy Commission was well-prepared to use ARRA funding effectively for this 
ongoing energy efficiency program. The existing procedures, trained staff, and 
application review process all provided a good foundation for the loan program.  

• Local jurisdictions implemented many “shovel-ready” projects that yielded excellent 
results and showed wise use of public funds. The types of projects completed were 
appropriate for ARRA funding. The bulk of the expected savings came from easily 
implementable lighting measures, an appropriate response for a stimulus program 
designed for quick results.  

• In particular, the dominance of highly efficient streetlighting projects yielded 
excellent results. Local jurisdictions implemented streetlighting projects with relatively 
little effort. Furthermore, California’s mild climate is appropriate for cost-effective, 
efficient light-emitting diode streetlights. This combination of factors allowed local 
jurisdictions with limited staff and resources to participate in the program.  

• Many jurisdictions also leveraged additional help and funding from other sources. 
Many local governments were able to implement more, or larger, projects using a 
combination of its own capital funds, utility rebates, and/or Energy Efficiency and 
Conservation Block Grants. 

• Solar renewables projects were successful. The two photovoltaic installation projects 
had good results in achieving expected electric generation.  

• Lessons learned can strengthen the future ECAA program. The development of a 
tracking system to compare planned and achieved energy savings allows an overview of 
what types of projects generate the best results.  

 

In general, the evaluation results demonstrate that the Energy Commission was well-prepared 
to use ARRA funding effectively for this ongoing energy efficiency program.  

The evaluators verified a sample of projects with the sample size designed to be large enough to 
produce reliable program-level estimates of energy savings and meet prescribed statistical 
precision levels. Since the evaluation’s time frame overlapped with program implementation, 
not all projects could be part of the sample. The evaluators selected a sample that included all 
installed projects as of February 2012. A total of 17 sites representing a broad range of measures 
were included in the final sample.  

Gross Energy Impacts 
Table 1 below compares the initial electric savings estimates (ex ante) with the verified savings 
(ex post). In total, the program was expected to achieve electricity savings of nearly 17 gigawatt 
hours. The evaluation team visited a sample of sites, collected data and measurements, and 
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calculated the verified electricity savings. The relationship between the expected and verified 
savings is expressed as a ratio, the realization rate, which is shown in Table 1 for the two 
baselines employed in this project. The two baselines reflect different assumptions about the 
equipment that is getting replaced. Baseline 1 is the difference between savings from the new 
equipment when compared to the equipment being replaced, even if the replaced equipment is 
beyond its expected life. When the equipment being replaced is beyond its expected useful life, 
Baseline 2 is the savings from the new equipment when compared to current code-compliant or 
standard practice equipment. For many measures, such as the addition of controls or lighting, 
the two baselines are the same. Overall, the evaluation team found a 97 percent realization rate 
against Baseline 1 and a 93 percent realization rate against Baseline 2 for electricity savings. 
Table 1 also shows the annual savings and realization rates by measure group. As shown, the 
bulk of the savings are from lighting projects, followed by HVAC projects. Measures identified 
as “other” included water heating, insulation, motors, VFDs, plug-load measures, and custom 
measures at water and wastewater treatment facilities. 

 

Table 1: Annual Gross Ex Post Electric Savings 

Measure 
Group 

Annual Gross 
Ex Ante Electric 
Savings (kWh*) 

Annual Gross Ex Post Electric Savings (kWh*) 
Baseline 1 Baseline 2 

Ex Post, 
kWh 

Realization 
Rate 

Ex Post, 
kWh 

Realization 
Rate 

HVAC 1,240,644  1,308,235  105% 658,298  53% 
Lighting 14,370,461  14,325,441  100% 14,325,440  100% 
Other 1,062,854  575,568  54% 558,048  53% 
Overall 16,673,959  16,209,244  97% 15,541,786  93% 
* kWh=kilowatt-hours 
Source: DNV KEMA analysis 

 

Table 2 shows the energy generated from the two solar photovoltaic projects. Overall, these 
projects were successful at reliably generating energy, resulting in a 96 percent realization rate.  

 

Table 2: Annual Gross Ex Post Electric Generation 

Measure 
Group 

Annual 
Gross Ex 

Ante Electric 
Generation 

(kWh*) 

Annual Gross Ex Post Electric Generation (kWh*) 
Baseline 1 Baseline 2 

Ex Post, kWh Realization Rate Ex Post, kWh Realization Rate 

Solar PV 1,107,450 1,062,616 96% 1,062,616 96% 
* kWh=kilowatt-hours 
Source: DNV KEMA analysis 
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Of the 10 projects with expected reductions in natural gas or other fuels, most were expected to 
save natural gas, but in a few cases, implemented measures reduced the use of diesel or 
propane fuel. These were converted to therm equivalents. Table 3 shows the reduced fuel 
requirements as measured in therms.  

As shown, overall, the realization rate for Baseline 1 was 63 percent and 94 percent for Baseline 
2. One large project with a low realization rate depressed the overall rate for Baseline 1. This 
project replaced an old HVAC system that could not meet the required heating loads, 
improving performance but using more energy. Compared to current conditions (Baseline 1), 
the new system showed more fuel consumption, but when compared to a comparable, properly 
sized standard efficiency system (Baseline 2), the realization rate was more aligned with 
expectations. The realization rate of 66 percent for “Other” measures was driven largely by 
lower-than-expected savings from water heating equipment.  

 

Table 3: Annual Gross Ex Post Therm-Equivalent Savings 

Source: DNV KEMA analysis 

 

The evaluation results indicate that the program focused on highly effective projects to reduce 
energy consumption for local California jurisdictions. The emphasis on streetlighting, interior 
lighting, and retrofitting aging HVAC infrastructure projects yielded significant savings. While 
HVAC projects had greater variability in the amount of savings achieved, the evaluation team 
verified that old or improperly operating equipment or controls had been replaced with more 
efficient operating equipment. Over the long term, this old equipment would have needed to be 
replaced and, in some cases, had been operating inefficiently well past its expected useful life. 
The ECAA-ARRA Loan Program accelerated replacement of old, inefficient equipment and 
ensured that the replacement units were energy-efficient.  

Evaluation findings indicate that the most common differences between ex ante and ex post 
estimates occurred in estimated operating conditions before the energy efficiency upgrades and 
observed site-specific operating conditions at the time of the evaluation. For example, 
evaluators may have observed operating hours or equipment control schedules that were 
different from the assumptions made when developing feasibility studies and ex ante estimates. 
In some cases, ex ante calculations encompassed high-level generalizations that were not 

Measure 
Group 

Annual Gross Ex 
Ante Natural Gas 
and Other Fuel 

Savings (therms) 

Annual Gross Ex Post Natural Gas and Other Fuel 
Savings (therms) 

Baseline 1 Baseline 2 
Ex Post, 
Therms 

Realization 
Rate 

Ex Post, 
Therms 

Realization 
Rate 

HVAC 58,046 36,016 62% 59,155 98% 
Other 9,609 6,376 66% 6,377 66% 
Overall 67,655 42,392 63% 63,532 94% 
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consistent with site-specific conditions. In a few cases, the feasibility study provided to the 
evaluation team was not sufficiently detailed to determine the ex ante calculation, resulting in 
an inability to determine why estimates were different. The evaluation team also found several 
inconsistencies between the originally planned equipment and control installation scheme and 
what was actually installed and operational.  

Net Energy Impacts 
Using participant responses, the evaluation team determined a net-to-gross ratio of 99.8 percent 
for the program. This ratio is applied to the gross energy savings and gross renewable 
generation impacts, shown in Table 1 through Table 3 above, to yield the net program impacts 
shown in Table 4. Net impacts are shown as both annual and life-cycle estimates.  

 

Table 4: Net Ex Post Program Impacts – Annual and Life-Cycle 

 

Baseline 1 Baseline 2 

Net-
Adjusted  
Ex Post 
Electric 
Savings 
(kWh*) 

Net-
Adjusted  
Ex Post 
Therm-

Equivalent 
Savings 
(therms) 

Net 
Adjusted 
Ex Post 
Electric 

Generation 
(kWh*) 

Net 
Adjusted 
Ex Post 
Electric 
Savings 
(kWh*) 

Net Adjusted 
Ex Post 
Therm-

Equivalent 
Savings 
(therms) 

Net 
Adjusted 
Ex Post 
Electric 

Generation 
(kWh*) 

Annual 16,176,825 42,307 1,060,491 15,510,703 63,404 1,060,491 
Life-Cycle 250,215,264 746,914 31,814,723 238,452,374 1,124,318 31,814,723 

* kWh=kilowatt-hours 
Source: DNV KEMA analysis 

 

Greenhouse Gas Emissions Reductions 
Greenhouse gas emissions reductions accrue when energy is saved or renewable energy is 
generated, thus avoiding or replacing fossil fuel generation. Evaluators estimated that more 
than 5,700 metric tons of greenhouse gas emissions reductions were avoided annually as a 
result of this program under both baseline calculation methods. These results, which include 
avoided emissions from energy savings and renewable energy generation, are shown in Table 5.  

 

Table 5: Avoided Greenhouse Gas Emissions – Annual and Life-Cycle 

 
Avoided Greenhouse Gas Emissions 

(metric tons) 
Baseline 1 Baseline 2 

Annual 5,725 5,471 
Life-Cycle 93,271 92,303 

Source: DNV KEMA analysis 
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Participant Satisfaction and Suggestions for Improvement 
Interviews with loan participants revealed very high levels of satisfaction. Respondents were 
generally very happy with the program, the equipment installed, the loan structure, and the 
loan amounts. Many reported that the Energy Commission staff was extremely helpful. 
Suggestions for improvement of future programs included streamlining paperwork and 
application processes, as well as reducing the compliance requirements of the program (many 
of which were in effect due to ARRA funding). 

Anecdotal Evidence of Job Creation 
Although based on anecdotal evidence, most loan recipients noted job retention and additional 
hiring occurred outside their operations, primarily through short-term contract hires and 
contractor jobs. Within their operations, they reported retaining no jobs or making additional 
hires. Temporary jobs types included solar installers, roofers, laborers, and electricians and 
totaled 43 jobs across the 17 respondents. Many respondents indicated that they used contract 
hires during implementation of a project but were unaware if these turned into permanent 
positions. In 2014, the Energy Commission will release a comprehensive report on the 
employment impacts of the full suite of programs funded through ARRA. 

Recommendations 
Overall, the results of the evaluation of the ECAA-ARRA Loan Program show that California 
should continue to fund the existing ECAA Program. This effective program should continue to 
expand and to reach out to local jurisdictions that have not participated in the past. The 
evaluation produced a set of recommendations for improving the program going forward:  

• Program implementation recommendations: 

o Create a consistent set of requirements for feasibility studies and baseline definitions. 
The feasibility studies and supporting data should clearly identify critical 
assumptions made in developing the savings assumptions that they contain. 
Information like planned efficiency, operating hours, load factors, and controls 
should be described for both the baseline situation and the planned measure. 

o Build on the experience of the ARRA application process. Continue to provide 
assistance in completing the application as well as information about how to avoid 
problems that occurred in the past.  

o For the application process, consider providing a flowchart to illustrate the different 
stages. 

o Consider alternate approval methods instead of payback period, for example, life-
cycle costs.  

• Program tracking and documentation: 

o The database developed for the evaluation tracks measures planned, measures 
implemented, project costs, and expected energy savings. In the future, develop a 
database or build on the one developed for this evaluation that can be mined for 
information about costs, measures, and savings. This database will allow statistical 
and program analysis and serve as a basis for ongoing planning. 
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o Develop overall tracking data for the program, compiling a database of the measures 
planned and implemented and expected savings. Tracking documentation 
procedures should also allow for changes in project scope to be reflected in the final 
tracking data. 

o Where cost-effectiveness and/or jobs analysis is a program goal, develop methods to 
obtain labor and equipment breakdowns, as well as planning or administrative costs. 
For example, invoices could be required to provide this data. 

o During the program design phase, consider what specific analytics should 
potentially be collected, and design the tracking system to collect that information. 
For example, if the program wants to track lighting measures, data regarding the 
number of lights replaced should be collected rather than aggregated savings 
attributed to a lighting retrofit. 

• Measure specific recommendations: 

o Require that new HVAC measures achieve above minimum efficiency levels, given 
that HVAC equipment may be left in place for many years.  

o Consider implementing deemed savings for measures that are highly reliable, such 
as outdoor lighting, streetlights, and traffic lights.  

o For domestic hot water (DHW) measures, make sure that loads and operational 
conditions are well-defined and sufficiently documented to support the savings 
estimates.  

o Continue to include streetlight projects and computer power management measures 
that resulted in significant savings.  

o Prepare spreadsheet-based calculation tools to help local jurisdictions design lighting 
retrofits that meet Title 24 lighting power density requirements.  

• Evaluation recommendations: 

o Evaluate the existing ECAA Program periodically to foster continual improvement. 

o For evaluations of large HVAC projects, plan the evaluation to gather detailed site- 
specific data pre and postinstallation.  

o Plan the postinstallation evaluation such that most projects are completed and 
commissioned before the beginning of the field phase of the evaluation. 

 

Finally, the existing ECAA Program provided an effective foundation for ensuring prudent use 
of ARRA funding. Lessons learned from the program implementation period can strengthen the 
existing ECAA Program.  
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CHAPTER 1: 
Introduction 
This report provides the California Energy Commission with independent evaluation of the 
Energy Efficiency Financing Program, which is funded by the American Recovery and 
Reinvestment Act (ARRA) of 2009. The Energy Efficiency Financing Program is based on the 
long-term Energy Conservation Assistance Account (ECAA) Program. The Energy Efficiency 
Financing Program is referred to in this report as the ECAA-ARRA Loan Program. The 
evaluation sought to assess the ECAA-ARRA Loan Program implementation effectiveness and 
to verify energy savings realized from ECAA-ARRA loans approved from 2009 through 2011.  

The Energy Commission contracted with DNV KEMA Energy & Sustainability (DNV KEMA), 
along with its subcontractor, Katin Engineering, to evaluate the program. Evaluators sought to 
determine the actual gross energy and peak demand savings from the ECAA-ARRA Loan 
Program projects. They calculated gross energy savings and peak demand savings for the 
sample of sites included in the evaluation; however, peak demand information was unavailable 
in program data of many sites, which prevented extrapolating peak demand savings. Therefore, 
this report focuses on energy impacts only and provides annual and life-cycle estimates. The 
evaluation also generated estimates of avoided greenhouse gas (GHG) emissions. The 
evaluation team conducted the evaluation from May 2011 to August 2012. 

Using information collected from in-depth interviews with participants of the ECAA-ARRA 
Loan Program, the evaluation team assessed: 

• Free ridership, or the proportion of energy impacts that would have occurred without 
the ECAA-ARRA Loan Program. 

• Participants’ decision-making processes and criteria, including how projects were 
identified, reasons for implementing projects, use of financial or other decision-making 
criteria (for example, payback period), and consideration of life-cycle benefits and costs. 

• Participants’ spillover effects (for example, implementation of energy efficiency 
measures outside the project scope of the ECAA-ARRA Loan Program). 

• Participants’ satisfaction with the equipment installed, loans received, loan structure and 
amortization schedule, compliance requirements (for example, National Historic 
Preservation Act, Buy American provision [of ARRA funding], Davis-Bacon Act, and so 
on), and interactions with staff members of the Energy Commission. 

• Participants’ self-reporting of employment impacts attributable to the ECAA-ARRA 
Loan Program. 

 

The evaluation also comprehensively assessed the overall cost-effectiveness of the ECAA-ARRA 
Loan Program and direct and indirect employment effects. These evaluation elements are 
ongoing, the results of which will be reported under separate cover.  
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Subsequent sections of this report are organized as follows: 

• Chapter 2: Program Overview provides a description of the ECAA–ARRA Loan 
Program, objectives, and expected results. 

• Chapter 3: Evaluation Approach provides an evaluation methodology overview, 
including primary data sources used, sample design, description of the final sample, 
data collection elements, and calculation methods. 

• Chapter 4: Results presents evaluation results, including program-level gross- and net-
energy results, savings results breakdown by measure group, and life-cycle savings 
calculation. Results from in-depth interviews with program participants are also 
presented.  

• Chapter 5: Summary and Recommendations provides an evaluation results summary 
and recommendations for the program going forward.  

• Chapter 6: Glossary provides a list and describes the meaning of acronyms used in this 
report. 

 

Appendices to this report include: 

• Appendix A: Detailed Evaluation Methodology provides the detailed evaluation 
methods description.  

• Appendix B: Field Data Collection provides specific field procedures for common types 
of measures.  

• Appendix C: Participant In-Depth Interview Guide provides the in-depth interview 
guide used to interview ECAA-ARRA Loan Program participants.  

• Appendix D: Population Level Program Tracking Data summarizes tracking 
information for the program, including ex ante savings estimates, for all of the ECAA-
ARRA Loan Program projects included in this evaluation.  

• Appendix E: Evaluation Site Reports provides the final project site reports for projects 
in the evaluation sample.  
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CHAPTER 2: 
Program Overview 
The ECAA-ARRA Loan Program provides low-interest loans for energy efficiency and 
renewable energy retrofits to local jurisdictions. The U.S. Department of Energy (DOE) 
provided funding from the ARRA Program. The Energy Commission allocated $19.5 million of 
the ARRA funds for this low-interest revolving loan program. 

 

Program Design  

The program was intended to provide incentives and technical support to cities, counties, 
special districts, public schools, and colleges to implement energy efficiency projects. These 
local jurisdictions would install more efficient equipment than would have been installed 
without the program, with the intention that more cost-effective energy savings would result 
compared to the absence of the program. In addition, California state law requires the Energy 
Commission to prioritize loans based on cost-effective energy efficiency.1 

Before fiscal year 2009-10, the ECAA Program offered loans at 3.95 percent interest rates, with 
funding coming from the state’s General Fund, bond funds, and federal funds. With the 
allocation of ARRA funding, the Energy Commission expanded the program to offer loans, 
known as ECAA-ARRA loans, at 1 percent interest rates, while reducing the interest rate for 
non-ARRA-ECAA loans to 3 percent. The strategy of the ECAA-ARRA Loan Program was to 
mirror the ECAA Program to allow a seamless start up of the Program. The 1 percent interest 
rate reflected the additional administrative costs that were expected for ECAA-ARRA loans. 
ECAA–ARRA loans often leveraged funding from multiple sources, including utility programs, 
other ARRA programs (for example, Energy Efficiency and Conservation Block Grants 
[EECBG]), and so forth. Additionally, energy service companies (ESCOs) played a role by 
referring projects that they could not finance at a higher rate but made sense with a lower 
interest rate. 

Maximum financing was calculated as the annual cost savings multiplied by 13 years, or the 
total project cost, whichever was less. The maximum loan amount available through the 
program was $3 million per application, and there was no minimum loan amount. Loans were 
awarded on a first-come, first-served basis. Projects exhibiting a simple payback period of 13 
years or less were eligible for these ECAA-ARRA loans. In addition, the term of a loan could not 
exceed the useful life of loan funded equipment. In fiscal year 2010-11, the interest rate for 
ECAA-ARRA loans was increased to 3 percent because of the high demand for 1 percent loans. 

                                                      

1 Public Resources Code Sections 25410–25422 and Title 20 of the California Code of Regulations, sections 
1650–1655. 
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The bulk of the expected savings, more than 60 percent, resulting from ECAA–ARRA-funded 
projects came from streetlighting measures. Examples of qualifying energy efficiency measures 
implemented through these projects include:  

• Lighting: Interior, exterior, traffic and streetlights, lighting controls. 

• HVAC: New equipment, controls, and retrofits.  

• Other measures: Computer management upgrades, water and wastewater equipment 
upgrades, variable-frequency drives and high-efficiency motors. 

• Renewable energy generation: Solar photovoltaic (PV) installations. 

 

The Energy Commission considered the savings of the entire project rather than measure by 
measure and promoted “bundling” of measures to lower the overall payback period. For 
example, very cost-effective measures like lighting were bundled to offset others that were less 
cost-effective, such as some HVAC measures.  

Loan recipients considered additional benefits, such as maintenance savings, fuel savings, and 
improved comfort. Schools could create lessons from the programs, for example, by installing 
solar PV systems and discussing energy with students.  

Program Delivery  
The Energy Commission’s Special Projects Office administers the ECAA Program. Applicants 
were required to submit a feasibility study with each application. The study must contain the 
following information:  

• Description of energy efficiency projects and buildings/facilities affected by these 
projects 

• Discussion of baseline energy use for the affected facilities, including annual energy-
related utility bills 

• All calculations and assumptions to support the technical feasibility and energy savings 
of the recommended projects  

• Proposed budget detailing all project costs 

• Proposed schedule for implementation of the projects.  

 

Loans were amortized for repayment from energy cost savings up to 13 years from project 
completion, including principal and interest. Funds for repayment were covered by the savings 
from energy efficiency. In addition, three years of billing data were required after the project 
completion to demonstrate the savings. Simple payback in years was calculated as the amount 
of the loan divided by the anticipated annual energy cost savings. The repayment schedule was 
based on the estimated annual energy cost savings, using energy costs and operating schedules 
at the time of loan approval. Loan recipients were billed twice a year, in June and December, 
after the projects were completed. Loan repayments would then fund future ECAA loans. 
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Allowable project costs included costs of labor and equipment. Administrative costs, such as 
reporting on progress of activities, were factored into overhead budgets. Loans were monitored 
per the following milestones set in the loan agreement: 

• Application (including meeting all ARRA requirements such as State Historic 
Preservation Office and National Environmental Policy Act) 

• Execution of agreement 

• Kickoff meeting 

• Monthly reports  

• Incremental invoices received 

• Completion of project installation 

• Final invoices received 

• Project completion documentation is received 

• Loan is amortized  

• Borrower gets funding 

• Payment required in six-month increments (June and December) 

• First payment due at least six months after project completion. 

 

Program Accomplishments 

The strategy of the ARRA funding was to mirror the well-designed and well-established ECAA 
Program. This strategy allowed the seamless startup of the ECAA-ARRA Loan Program based 
on a history of cost-effectiveness. ECAA-ARRA projects were implemented at a variety of local 
government facilities and public institutions throughout California, in urban and rural areas 
ranging from Del Norte County in the far north to Calimesa in the San Diego area (Figure 1). As 
shown in Table 6, ECAA-ARRA loan projects were implemented at a wide range of government 
and institutional building types and facilities, including auditoriums, jails, police and fire 
stations, sports complexes, maintenance yards, and so forth. In addition, 13 ECAA-ARRA loan 
projects involved streetlighting retrofits. 
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Figure 1: ECAA-ARRA Loan Projects – Statewide Distribution 

 
Source: California Energy Commission  

 

Table 6: ECAA-ARRA Loan Projects – Summary of Loan Amounts and Building/Facility Types 

ECAA-ARRA 
Loan Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan 

Amount 
Building/Facility Type 

001-09-ECE-
ARRA Marin, County of $410,781 Civic Auditorium 

001-10-ECE-
ARRA Del Norte, County of $216,462 County Sheriff's Office, Jail 
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ECAA-ARRA 
Loan Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan 

Amount 
Building/Facility Type 

002-09-ECE-
ARRA Hillsborough, Town of $908,700 Water Distribution System 

002-10-ECE-
ARRA Arroyo Grande, City of $127,512 

Parks, Sports Complex, Fire 
Station, Farm Credit Bureau, 
Council Chambers, Corporate 

Yard, Community Center 

002-11-ECE-
ARRA Glenn, County of $101,514 

County Auditor's Building, 
Administration Office Building, 

Juvenile Hall Building in Willows, 
County Facilities in Orland 

003-10-ECE-
ARRA Duarte, City of $218,847 Parks, Maintenance Yards, Senior 

Center 
003-11-ECE-
ARRA Burlingame, City of $405,300 Various Streets  

004-09-ECE-
ARRA Carlsbad, City of $785,975 Various Streets  

004-11-ECE-
ARRA Ceres, City of $1,193,500 Various Streets 

005-09-ECE-
ARRA Clovis, City of $867,200 Public Safety Building, Senior 

Center, Fire Stations 
005-11-ECE-
ARRA Kerman, City of $86,321 Various Streets  

006-09-ECE-
ARRA Chula Vista, City of $1,747,669 Various Streets  

006-10-ECE-
ARRA Alameda, County of $2,000,000 Various Streets  

006-11-ECE-
ARRA Salinas, City of $128,533 Parking Garage  

007-10-ECE-
ARRA Hillsborough, Town of $27,625 Pump Station, Police Department 

008-09-ECA Marin, County of $1,054,869 Civic Center, County Jail, Airport 
008-09-ECE-
ARRA Fairfield, City of $2,376,232 Various Streets 

008-10-ECE-
ARRA Clovis, City of $953,239 Public Safety Building, Fire 

Stations 
009-09-ECE-
ARRA Rancho Mirage, City of $317,055 Public Library 

009-10-ECE-
ARRA Calimesa, City of $45,504 Senior Center, City Hall Annex 

010-09-ECE-
ARRA Grover Beach, City of $339,651 

Trouville Center, Police Station, 
City Hall, Fire Station, Ramona 

Center, Corporate Yard 
011-09-ECE-
ARRA 

San Buenaventura, City 
of $389,117 City Hall, Various Streets 
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ECAA-ARRA 
Loan Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan 

Amount 
Building/Facility Type 

012-09-ECE-
ARRA Dinuba, City of $611,334 Wastewater Treatment Plant 

013-09-ECE-
ARRA 

McKinleyville 
Community Services 

District 
$165,100 Pump station for water distribution 

015-09-ECE-
ARRA Monterey, City of $1,104,522 Various Streets 

017-09-ECE-
ARRA  Alameda, County of $1,177,891 Public Library 

020-09-ECE-
ARRA 

Sonoma Valley Health 
Care District $443,774 Hospital 

021-09-ECE-
ARRA Albany, City of $290,805 Various Streets 

022-09-ECE-
ARRA 

Butte Glenn Community 
College District $637,978 College campus buildings 

023-09-ECE-
ARRA Seaside, City of $59,404 City Hall, Various Streets 

024-09-ECE-
ARRA Brisbane, City of $189,930 Various Streets 

025-09-ECE-
ARRA San Benito, County of $77,000 Courthouse 

027-09-ECE-
ARRA Hollister, City of $30,868 Community Center 

Total  $19,490,212  
Source: California Energy Commission. 

 

Table 7 summarizes information for all 33 ECAA-ARRA loan projects. As shown, the Energy 
Commission awarded a total of $19.5 million in ECAA-ARRA loans. Originally, the program 
was planned for $25 million; however $5.5 million was reallocated to other ARRA programs. 
With total project-level costs estimated at $30.6 million, ECAA-ARRA loans were responsible 
for funding about 64 percent of total project costs. The average ECAA-ARRA loan amounted to 
about $590,000, and the average project-level cost was about $928,000.  

Roughly $2.1 million in utility incentives were provided to 17 of the projects (52 percent) to 
supplement ECAA-ARRA funding, and an estimated $3.3 million in other ARRA funding was 
awarded to 11 projects (33 percent).  

 



16 

Table 7: Summary of ECAA-ARRA Loan Projects – Funding Levels, Sources 

ECAA-ARRA Loan Funding and Sources Values 

Total ECAA-ARRA Loans $19,490,212 
Total ECAA-ARRA Project Costs $30,630,101 
ECAA-ARRA Loans as Percentage of Total Project 
Cost 64% 

Average ECAA-ARRA Loan $590,612 

Average ECAA-ARRA Project Cost $928,185 
Approx. Total Utility Incentives $2,136,134 
Utility Incentives as Percentage of Total Project Cost 7% 
Number of Projects Receiving Utility Incentives 17 
Percent of Total ECAA-ARRA Projects Receiving 
Utility Incentives 52% 

Approx. Total Other ARRA Funding $3,307,312 
Other ARRA Funding as Percentage of Total Project 
Cost 11% 

Number of Projects Receiving Other ARRA Funding 11 
Percent of Total ECAA-ARRA Projects Receiving 
Other Funding 33% 

 Source: California Energy Commission 

 

Table 8 lists all 33 projects, identifies the ECAA-ARRA loan amounts and, where available, the 
level of funding provided from other sources. As shown: 

• Seven ECAA-ARRA loans were more than $1 million each. 

• Eighteen, or more than half of the loans approved during this period, used ECAA-
ARRA to fund at least 75 percent of the total project costs. Of these, 13 used their loan to 
fund at least 90 percent of their total project costs. 

• Two projects used their ECAA-ARRA loans to fund less than 25 percent of their total 
project costs.  

 

Table 9 summarizes project cost and the estimated energy savings for 31 of the 33 ECAA-ARRA 
loans. The two remaining projects involved PV system installations and are summarized in 
Table 10. As shown, the 31 energy saving projects were expected to achieve annual energy 
savings of about 16.7 GWh and nearly 68,000 therms. The two PV system installation projects 
were expected to generate more than 1.1 GWh annually for local use. Energy generation was 
estimated at the meter or premise level; these projects were not adjusted to account for 
transmission and distribution losses to find generation-level savings. 
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Table 8: ECAA-ARRA Loan Projects – Funding Levels and Sources of Funds 

ECAA-ARRA Loan 
Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan 

Amount 
Total Project 

Costs 

ECAA-ARRA 
Loan as 

Percentage of 
Total Project 

Cost 

Utility 
Incentives 

EECBG 
Funding 
for Same 
Measures 
as Loan2 

Other 
ARRA 

Funding 

001-09-ECE-ARRA Marin, County of $410,781  $561,000  73% $37,009      
001-10-ECE-ARRA Del Norte, County of $216,462  $338,618  64%  $122,157    
002-09-ECE-ARRA Hillsborough, Town of $908,700  $1,850,000  49% $14,762      
002-10-ECE-ARRA Arroyo Grande, City of $127,512  $218,041  58%  $92,236    
002-11-ECE-ARRA Glenn, County of $101,514  $211,180  48% $11,000  $88,666    
003-10-ECE-ARRA Duarte, City of $218,847  $430,697  51%  $122,117    
003-11-ECE-ARRA Burlingame, City of $405,300  $405,300  100%      
004-09-ECE-ARRA Carlsbad, City of $785,975  $1,827,148  43%    $938,900  
004-11-ECE-ARRA Ceres, City of $1,193,500  $1,246,301  96% $52,801      
005-09-ECE-ARRA Clovis, City of $867,200  $1,698,900  51% $84,922  $831,700    
005-11-ECE-ARRA Kerman, City of $86,321  $383,266  23% $9,700      
006-09-ECE-ARRA Chula Vista, City of $1,747,669  $2,051,600  85%      
006-10-ECE-ARRA Alameda, County of $2,000,000  $4,049,740  49% $500,000      
006-11-ECE-ARRA Salinas, City of $128,533  $128,533  100%      
007-10-ECE-ARRA Hillsborough, Town of $27,625  $27,625  100% $1,550      
008-09-ECA Marin, County of $1,054,869  $1,106,375  95%  $376,953    
008-09-ECE-ARRA Fairfield, City of $2,376,232  $3,079,399  77%    $703,167  
008-10-ECE-ARRA  Clovis, City of $953,239  $3,512,663  27% $675,000      

                                                      

2 Energy Efficiency and Conservation Block Grant (EECBG) values listed were provided by the Energy Commission when the same measures 
were co-funded from these two programs. Overlapping savings from these projects were accounted for in the cost-effectiveness study by 
attributing a portion of savings in both the ECAA-ARRA and EECBG programs. 
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ECAA-ARRA Loan 
Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan 

Amount 
Total Project 

Costs 

ECAA-ARRA 
Loan as 

Percentage of 
Total Project 

Cost 

Utility 
Incentives 

EECBG 
Funding 
for Same 
Measures 
as Loan2 

Other 
ARRA 

Funding 

009-09-ECE-ARRA Rancho Mirage, City of $317,055  $317,055  100%      
009-10-ECE-ARRA Calimesa, City of $45,504  $54,500  83%  $8,996    
010-09-ECE-ARRA Grover Beach, City of $339,651  $354,996  96% $15,345      

011-09-ECE-ARRA San Buenaventura, City 
of $389,117  $389,117  100% $16,924      

012-09-ECE-ARRA Dinuba, City of $611,334  $1,073,504  57%      

013-09-ECE-ARRA McKinleyville Community 
Services District $165,100  $864,468  19%      

015-09-ECE-ARRA Monterey, City of $1,104,522  $1,165,066  95% $47,714      
017-09-ECE-ARRA  Alameda, County of $1,177,891  $1,216,000  97% $513,000      

020-09-ECE-ARRA Sonoma Valley Health 
Care District $443,774  $447,196  99%      

021-09-ECE-ARRA Albany, City of $290,805  $335,005  87% $43,000      

022-09-ECE-ARRA Butte Glenn Community 
College District $637,978  $718,783  89% $80,805      

023-09-ECE-ARRA Seaside, City of $59,404  $64,000  93% $4,527      
024-09-ECE-ARRA Brisbane, City of $189,930  $210,000  90% $28,075  $400    
025-09-ECE-ARRA San Benito, County of $77,000  $241,138  32%      
027-09-ECE-ARRA Hollister, City of $30,868  $52,888  58%  $22,020    
Total  $19,490,212  $30,630,102  64% $2,136,134  $1,665,245  $1,642,067  

Source: California Energy Commission 
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Table 9: ECAA-ARRA Loan Projects – Annual Ex Ante Energy Savings 

ECAA-ARRA Loan 
Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan Amount 

Annual Ex 
Ante 

Electric 
Savings 
(kWh) 

Annual Ex 
Ante 

Therm-
Equivalent 

Savings 
(therms) 

001-09-ECE-ARRA Marin, County of $410,781 194,848 - 
001-10-ECE-ARRA Del Norte, County of $216,462 (2,296) 11,213 
002-09-ECE-ARRA Hillsborough, Town of $908,700 184,531 - 
002-10-ECE-ARRA Arroyo Grande, City of $127,512 73,460  754  
002-11-ECE-ARRA Glenn, County of $101,514 193,276 1,708 
003-10-ECE-ARRA Duarte, City of $218,847 149,790 348 
003-11-ECE-ARRA Burlingame, City of $405,300 473,000 - 
004-09-ECE-ARRA Carlsbad, City of $785,975 3,078,049 - 
004-11-ECE-ARRA Ceres, City of $1,193,500 1,321,960 - 
005-09-ECE-ARRA Clovis, City of $867,200 892,425 3,000 
005-11-ECE-ARRA Kerman, City of $86,321 216,969 - 
006-09-ECE-ARRA Chula Vista, City of $1,747,669 881,314 - 
006-10-ECE-ARRA Alameda, County of $2,000,000 2,108,952 - 
006-11-ECE-ARRA Salinas, City of $128,533 318,368 - 
007-10-ECE-ARRA Hillsborough, Town of $27,625 21,280 - 
008-09-ECA Marin, County of $1,054,869 311,655 44,723 
008-09-ECE-ARRA Fairfield, City of $2,376,232 2,578,116 - 
009-09-ECE-ARRA Rancho Mirage, City of $317,055 162,593 - 
009-10-ECE-ARRA Calimesa, City of $45,504 11,350 - 
010-09-ECE-ARRA Grover Beach, City of $339,651 171,020 1,837 
011-09-ECE-ARRA San Buenaventura, City of $389,117 739,522 - 
012-09-ECE-ARRA Dinuba, City of $611,334 522,602 - 

013-09-ECE-ARRA McKinleyville Community 
Services District $165,100 56,900 - 

015-09-ECE-ARRA Monterey, City of $1,104,522 907,120 - 

020-09-ECE-ARRA Sonoma Valley Health 
Care District $443,774 328,584 1,463 

021-09-ECE-ARRA Albany, City of $290,805 188,869 - 

022-09-ECE-ARRA Butte Glenn Community 
College District $637,978 369,551 - 

023-09-ECE-ARRA Seaside, City of $59,404 46,965 2,380 
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ECAA-ARRA Loan 
Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan Amount 

Annual Ex 
Ante 

Electric 
Savings 
(kWh) 

Annual Ex 
Ante 

Therm-
Equivalent 

Savings 
(therms) 

024-09-ECE-ARRA Brisbane, City of $189,930 107,114 - 
025-09-ECE-ARRA San Benito, County of $77,000 51,232 - 
027-09-ECE-ARRA Hollister, City of $30,868 14,840 229 
Total $17,359,082 16,673,959 67,655 

Source: California Energy Commission  

 

Table 10: ECAA-ARRA Loan Projects – Annual Ex Ante Electric Generation 

ECAA-ARRA Loan 
Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan Amount 

Annual Ex Ante 
Electric 

Generation (kWh) 
008-10-ECE-ARRA Clovis, City of $953,239 695,348 
017-09-ECE-ARRA Alameda, County of $1,177,891 412,102 
Total $2,131,130 1,107,450 

Source: California Energy Commission 

 

These 33 projects involved a variety of end-use technologies and energy efficiency measures. In 
each loan, specific project activities designed to save energy were grouped together and tracked 
by measure category or in ways that were consistent with the loan. For example, some loans 
included only one grouping, such as a lighting retrofit, regardless of how many fixtures were 
replaced. Other projects might track project components by location and may list four lighting 
retrofits. These tracked measure groupings were compiled into a database, and the evaluation 
reported savings results by these groupings. A total of 93 tracked measure groupings are 
included in the 2009 through 2011 projects evaluated. 

As shown in Table 11, similar tracked measure groupings were combined together to create 
measure-type categories (for example, boiler, HVAC equipment, lighting, and so on). The table 
shows the total number of loans that implemented each measure type. 
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Table 11: ECAA-ARRA Loan Projects – Measure Summary 

Measure 
Group Measure Type Measure Descriptions 

Total 
Number 

of 
Loans3 

HVAC 

Boiler Boiler replacement and retrofit measures 3 

Controls Programmable thermostats, industrial control 
systems, economizers 6 

HVAC Equipment Efficient air conditioning, heat pumps, packaged units, 
chillers 14 

Building Shell Roofing and insulation 1 

Lighting 
Controls Occupancy sensors 5 
Lighting Exterior and interior lighting retrofits 13 

Streetlighting LED streetlighting, traffic signals 14 

Other 

Computers LCD computer monitors, computer power 
management 4 

Vending Machine 
Controls Vending machine misers4 2 

Pumps/Fans/Motors Variable speed drives, efficient motors 6 
Wastewater 
Treatment 

Wastewater clarifier, ozone laundry, wastewater or 
water treatment controls (SCADA) 3 

Domestic Hot Water 
(DHW) Water heater replacement 1 

Solar PV Solar PV System Solar Photovoltaic system 2 

Source: California Energy Commission.  

 

Table 12 summarizes ECAA-ARRA project information by measure for each of the 31 energy-
saving projects. The remaining two projects, shown in Table 10, involved PV system 
installations. 

                                                      

3 This column lists the total number of loans that included a listed measure. Some loans included more 
than one instance of a measure. Since many loans included multiple measures, the number of loans that 
included a measure will not sum to the total number of loans in the program.  

4 Measure descriptions may be found in Chapter 3. 
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Table 12: ECAA-ARRA Loan Projects – Summary of Types of Measures by Project 

ECAA-ARRA Loan 
Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan 

Amount 

Annual Ex 
Ante Electric 

Savings 
(kWh) 

Annual Ex 
Ante 

Therm-
Equivalent 

Savings 
(therms) 

Description of Types of Measures Installed 

001-09-ECE-ARRA Marin, County of $410,781 194,848 - Chiller Replacement, Air Handler repair, 
Lighting Retrofit 

001-10-ECE-ARRA Del Norte, County of $216,462 (2,296)          11,213  DHW, HVAC Furnaces, Economizers 

002-09-ECE-ARRA Hillsborough, Town of $908,700 184,531  Pumps/Fans/Motors, Water treatment Controls 

002-10-ECE-ARRA Arroyo Grande, City of $127,512 73,460  754  

HVAC Retrofit, Programmable Thermostats, 
Lighting Retrofit, Occupancy Sensors, 

Computer Power Management, Vending 
Machine Misers 

002-11-ECE-ARRA Glenn, County of $101,514 193,276 1,708 HVAC Retrofit, Lighting Retrofit 

003-10-ECE-ARRA Duarte, City of $218,847 149,790 348 HVAC Retrofit, Lighting Retrofit, Occupancy 
Sensors, Programmable Thermostats 

003-11-ECE-ARRA Burlingame, City of $405,300 473,000 - Streetlighting 
004-09-ECE-ARRA Carlsbad, City of $785,975 3,078,049 - Streetlighting 
004-11-ECE-ARRA Ceres, City of $1,193,500 1,321,960 - Streetlighting 

005-09-ECE-ARRA Clovis, City of $867,200 892,425 3,000 HVAC Retrofit, Boilers, Lighting Retrofit, 
Computer Power Management 

005-11-ECE-ARRA Kerman, City of $86,321 216,969 - Streetlighting 
006-09-ECE-ARRA Chula Vista, City of $1,747,669 881,314 - Streetlighting 
006-10-ECE-ARRA Alameda, County of $2,000,000 2,108,952 - Streetlighting  
006-11-ECE-ARRA Salinas, City of $128,533 318,368 - Lighting Retrofit 
007-10-ECE-ARRA Hillsborough, Town of $27,625 21,280 - Lighting Retrofit, Pumps/Fans/Motors 

008-09-ECA-ARRA Marin, County of $1,054,869 311,655 44,723 Boiler, Building Shell Measures, Lighting 
Retrofit, Wastewater Treatment Measures 

008-09-ECE-ARRA Fairfield, City of $2,376,232 2,578,116 - Streetlighting 
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ECAA-ARRA Loan 
Number 

ECAA-ARRA Loan 
Recipient 

ECAA-ARRA 
Loan 

Amount 

Annual Ex 
Ante Electric 

Savings 
(kWh) 

Annual Ex 
Ante 

Therm-
Equivalent 

Savings 
(therms) 

Description of Types of Measures Installed 

009-09-ECE-ARRA Rancho Mirage, City of $317,055 162,593 - Chiller Retrofit, HVAC Controls 

009-10-ECE-ARRA Calimesa, City of $45,504 11,350 - HVAC Heat Pump Retrofit, Programmable 
Thermostats  

010-09-ECE-ARRA Grover Beach, City of $339,651 171,020 1,837 

HVAC packaged units, Programmable 
Thermostats, Streetlighting, Lighting Retrofits, 

Occupancy Sensors, Computer Power 
Management, Vending Machine Miser 

011-09-ECE-ARRA San Buenaventura, 
City of $389,117 739,522 - Streetlighting, Chillers, Pumps/Fans/Motors, 

Lighting Retrofit, Occupancy Sensors 

012-09-ECE-ARRA Dinuba, City of $611,334 522,602 - Pumps/Fans/Motors, Wastewater Treatment 
Measures 

013-09-ECE-ARRA 
McKinleyville 

Community Services 
District 

$165,100 56,900 - Pumps/Fans/Motors 

015-09-ECE-ARRA Monterey, City of $1,104,522 907,120 - Lighting Retrofit, Streetlighting 

020-09-ECE-ARRA Sonoma Valley Health 
Care District $443,774 328,584 1,463 Lighting Retrofit, Computer Measures, HVAC 

Retrofit 
021-09-ECE-ARRA Albany, City of $290,805 188,869 - Streetlighting 

022-09-ECE-ARRA 
Butte Glenn 

Community College 
District 

$637,978 
                       

369,551 - HVAC Retrofit, Pumps/Fans/Motors, Lighting 
Retrofit, Occupancy Sensors, Streetlighting 

023-09-ECE-ARRA Seaside, City of $59,404 46,965 2,380 Streetlighting, Boiler Retrofit 
024-09-ECE-ARRA Brisbane, City of $189,930 107,114 - Streetlighting 
025-09-ECE-ARRA San Benito, County of $77,000 51,232 - Chiller Retrofit 
027-09-ECE-ARRA Hollister, City of $30,868 14,840 229 HVAC Packaged Units 
Total $17,359,082 16,673,959  67,655  

Source: California Energy Commission 
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CHAPTER 3: 
Evaluation Approach 
The overall goal of the evaluation was to assess the implementation effectiveness of the ECAA-
ARRA Loan Program and to verify program energy savings and renewable energy generation 
from 2009 through 2012. Evaluators also sought to estimate GHG reductions, to collect 
qualitative data about job creation and ability to penetrate hard-to-reach local jurisdictions, and 
to assess the cost-effectiveness of the program. 

After finalizing an evaluation plan in April 2011, evaluators conducted the evaluation from May 
2011 through August 2012. 

The evaluation relied on a number of data sources: 

• Interviews and ongoing discussions with the Energy Commission staff, including 
contract program managers, its engineers, and its technical support staff. Initial 
interviews covered topics related to developing an understanding of the overall goals 
and design of the program and to identifying uncertainties and risks associated with the 
delivery and execution of the program. Ongoing discussions addressed the organization 
and management of the program and tracked changes in project-specific scope and 
implementation.  

• Program-specific documents, including program plans, progress reports, and a range of 
project-specific documents and summary data (for example, feasibility studies, 
preliminary savings estimates, and so forth). The evaluation team developed a 
Microsoft® Excel database to store project-specific details. This database was reviewed 
periodically and updated using ECAA-ARRA Loan Program status reports and project 
documentation reviews throughout the evaluation.  

• Site visits, which were conducted for a sample of 17 projects to support program savings 
estimates. Site-specific engineering analyses and measurement and verification (M&V) 
were completed for the sampled projects, and results were extrapolated to the full 
project population of 33 projects.  

• In-depth interviews, which were completed by telephone with decision makers at each 
of the 17 sampled sites. The primary purpose of the interviews was to gather 
information about the effectiveness and attribution of the program.  

 

The following sections provide short descriptions of key evaluation activities. Appendix A 
provides a detailed description of the methodology of the evaluation, and Appendix B provides 
detailed field collection protocols for the most common measures. 

 



25 

Sample Design 

As discussed in Chapter 2, the ECAA-ARRA Loan Program allowed a wide variety of projects 
to be implemented and ranged from simple streetlighting upgrades for cities and counties, to 
complex HVAC upgrades at large campuses, and to PV installations at libraries. The program 
targeted projects that could be implemented quickly, consistent with the goals of the federal 
stimulus program.  

The sample design goal was to develop reliable estimates of energy savings across the program 
and to meet prescribed statistical precision levels for annual source energy savings. For this 
program, the prescribed statistical precision level was within 10 percent at a 90 percent 
confidence interval. 

When the evaluation plan was developed, 21 loans approved in 2009 under the ECAA-ARRA 
Loan Program were included. Because of the relatively small sample size, the plan of the 
evaluation team was to evaluate all available projects. However, many projects in the initial 
sample were not installed and ready to evaluate within the evaluation time frame. 
Subsequently, more program loans were approved in 2010 and 2011. Installed projects that were 
available to evaluate by February 2012 became the sample regardless of when a loan was 
initially approved. A total of 17 sites representing a broad range of 56 tracked measure 
groupings were included in the final sample. Of the 56 measure groupings, 50 were expected to 
reduce electricity consumption and demand, and 19 were expected to reduce natural gas or 
other fuel requirements. Two projects involved solar PV system installations.  

Some of the larger projects were not available to sample within the evaluation time frame. The 
evaluation team attempted to sample the large streetlighting sites, but Fairfield and Ceres had 
not completed the streetlight projects. Marin County had a second loan that was not initially 
under ARRA funding and was not included in the sample.  

 

Evaluation Sample 

Table 13 lists the sampled ECAA-ARRA projects by description of types of measures and 
expected energy savings. As shown, the sampled sites account for 7.6 GWh (or 45 percent) of 
the expected annual electric savings and about 17,000 therms (or 25 percent) of the reported 
annual therm-equivalent impacts. For the sampled loan projects, more detail may be found in 
Appendix E. 
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Table 13: Sampled ECAA-ARRA Loan Projects – Ex Ante Energy Savings Estimates 

ECAA-ARRA Loan 
Number 

ECAA-ARRA 
Loan Recipient 

Description of Types of 
Measures Installed  

Annual Ex 
Ante 

Electric 
Savings 
(kWh) 

Annual Ex 
Ante 

Therm-
Equivalent 

Savings 
(therms) 

001-09-ECE-ARRA Marin, County of HVAC Retrofit, Lighting Retrofit 194,848 - 

001-10-ECE-ARRA Del Norte, County 
of 

DHW, HVAC Retrofit, 
Economizers (2,296) 11,213 

002-10-ECE-ARRA Arroyo Grande, 
City of 

HVAC Retrofit, Programmable 
Thermostats, Lighting Retrofit 

and Occupancy Sensors, 
Computer Power Management, 

Vending Machine Misers 

73,460   754  

003-10-ECE-ARRA Duarte, City of 
HVAC Retrofit, Lighting Retrofit 

and Occupancy Sensors, 
Programmable Thermostats 

149,790 348 

004-09-ECE-ARRA Carlsbad, City of Streetlighting Retrofit 3,078,049 - 

005-09-ECE-ARRA Clovis, City of 
HVAC Retrofit, Boilers, Lighting 

Retrofit, Computer Power 
Management 

892,425 3,000 

006-10-ECE-ARRA Alameda, County 
of Streetlighting Retrofit 2,108,952 - 

009-09-ECE-ARRA Rancho Mirage, 
City of HVAC Retrofit and Controls 162,593 - 

009-10-ECE-ARRA Calimesa, City of Heat Retrofit, Programmable 
Thermostats 11,350 - 

010-09-ECE-ARRA Grover Beach, 
City of 

HVAC Retrofit and Controls, 
Streetlighting Retrofit, Lighting 

Retrofit and Occupancy 
Sensors, Computer Power 

Management, Vending Machine 
Misers 

171,020 1,837 

013-09-ECE-ARRA 
McKinleyville 
Community 

Services District 
Pumps/Fans/Motors 56,900 

 

021-09-ECE-ARRA Albany, City of Streetlighting Retrofit 188,869 - 

022-09-ECE-ARRA 
Butte Glenn 
Community 

College District 

HVAC Retrofit, 
Pumps/Fans/Motors, Lighting 

Retrofit and Occupancy 
Sensors, Streetlighting Retrofit  

369,551 - 

024-09-ECE-ARRA Brisbane, City of Streetlighting Retrofit 107,114 
 

027-09-ECE-ARRA Hollister, City of HVAC Retrofit 14,840 229 
Total 7,577,465 17,381 

Source: California Energy Commission. 
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The evaluation team also evaluated the two PV installation projects. The sites and expected 
energy generation results are shown in Table 14. 

 

Table 14: Sampled ECAA-ARRA Loan Projects – Ex Ante Electric Generation Estimates 

ECAA-ARRA Loan Number ECAA-ARRA Loan Recipient 
Annual Ex Ante 

Electric Generation 
(kWh) 

008-10-ECE-ARRA Clovis, City of 695,348 
017-09-ECE-ARRA Alameda, County of 412,102 
Total 1,107,450 

Source: California Energy Commission.  

 

Data Collection Methods 

This section provides a brief overview of data collection methods. Additional detail on data 
collection methods is provided in Appendices A and B.  

Data collection activities fell into roughly five steps: data requests and review, site scheduling, 
site planning, site-specific M&V activities, and in-depth interviews with participants.  

• Data requests and review. The evaluation team requested relevant information for 
calculating energy savings, including detailed measure descriptions; savings calculation 
spreadsheets and related documentation; feasibility studies; and contractor, vendor, and 
equipment manufacturer information from site contacts and the Energy Commission. 
The evaluation team reviewed this information. 

• Site scheduling. For each sampled project, an evaluation engineer contacted a site 
representative to initiate site planning, to confirm project details, and to schedule a site 
visit.  

• Site planning. Following data review and assessment, evaluation engineers developed 
customized data collection and analysis plans for each sampled project, including brief 
descriptions of data requirements and analysis approaches to determine pre- and 
postinstallation assumptions and conditions. For streetlighting projects, evaluators used 
a standardized approach. 

• Site-specific M&V: The evaluation team verified installed equipment and collected data 
to catalog pre- and postretrofit operations and conditions, including equipment 
nameplates, feasibility study reviews, self-reported operational data, and spot 
measurements. At several sites, data loggers were installed, and long-term 
measurements were collected over a two-week or longer period. 

• In-depth interviews with participants. Evaluators developed an in-depth interview 
guide, which is in Appendix C, to ask participants research questions that ranged from 
attribution to satisfaction. In this stage evaluators also derived information concerning 
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pre-existing equipment (condition, age, reasons for installing, and so on) that was used 
to inform analysis. 

 

Site-Specific Analyses to Determine Energy Savings 

Energy savings calculations depended on the estimated basecase energy use of a given measure 
before a retrofit and its estimated energy use after the retrofit. The evaluation team established 
basecase conditions for the preretrofit conditions as follows: 

• Preretrofit data were collected to establish the control scheme, operating conditions, 
equipment load, and equipment efficiency. In the absence of metered data, information 
from a feasibility study, site contact, as-built drawings, and research and engineering 
judgment were used to establish the basecase parameters. 

• Postretrofit data were collected similarly, and postretrofit parameters were established. 

 

Both pre- and postretrofit data were normalized to the same operating conditions to establish 
savings estimates that could be directly compared. 

For each site within the sample, evaluators determined the efficiency of a measure, the effective 
useful life (EUL) of the measure, and the remaining useful life (RUL) of the preretrofit 
equipment. Appendix A provides the detailed methodology employed to determine these 
parameters.  

The evaluation team calculated life-cycle savings over the assumed lifetime of installed energy 
efficiency measures. Evaluators assigned each measure an EUL and summed the savings for 
each year from the year of installation to the end of the assumed EUL of the measure to 
determine the life-cycle savings.  

The Energy Commission based its project approval decisions on estimates of ex ante savings 
provided in the applicants’ feasibility studies and evaluated by the Energy Commission project 
manager. The estimated savings of the project became the basis for establishing the payback 
terms of the loan. To supply a basis for comparing savings estimates to determine loan 
repayment, this evaluation report provides the Energy Commission with estimated gross 
savings, which assumes the same annual savings from a measure regardless of whether the 
measure would have been implemented due to equipment failure at some estimated future 
time. Throughout the report, the evaluation team refers to these savings estimates as Baseline 1 
gross savings. To be consistent with evaluation practice, the evaluation team also reports a 
second baseline, which recognizes that as equipment fails, it is replaced with equipment that 
meets the current efficiency standard, such that over time efficiency is gained without a needed 
incentive.  

As a result, energy savings calculated for this program are relative to two established baselines: 
Baseline 1 and Baseline 2.  
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• Baseline 1 is defined as the existing conditions found before the implementation of an 
energy efficiency measure and considers the operating efficiency and control strategies 
of the equipment found at that time. Life-cycle savings for Baseline 1 assume that the 
pre-existing equipment would have operated for all of the EUL of the new equipment, 
regardless if the existing equipment was at the end of its useful life. The Energy 
Commission requested using this baseline to help ARRA funding subrecipients compare 
their observed pre- and postretrofit energy use, as they are using the energy cost savings 
to pay back loans.  

• Baseline 2 life-cycle savings use the pre-existing equipment as the baseline of the 
measure for the years where the RUL of the existing equipment is greater than zero. 
After that, an expected replacement baseline (for example, standard practice or code 
minimum) is used until the EUL is reached. This expected replacement baseline is also 
used for the annual baseline 2 savings. This baseline is used by resource planners as a 
conservative assumption so that efficiencies gained over time are not double-counted. 

 

For many measures, the two baselines are the same. Add-on measures, such as occupancy 
sensors to reduce lighting energy and retrocommissioning measures to improve controls and 
operation, do not change the efficiency of the underlying equipment; there are no differences 
between the baselines. Retrocommissioning measures are designed to enhance performance of 
existing equipment. Lighting retrofits do not warrant Title 24 lighting power-density 
requirements when only lamps and ballasts are replaced in this program—and in this case, both 
baselines are the same. For solar PV measures, there are no differences between the two 
baselines. 

 

Measure Approaches for On-Site Activities and Analysis 

The following provides the guidelines for general measure approaches, including data 
collection, field measurement, and analysis, for performing site-level evaluations for nearly all 
project types of the ECAA-ARRA Loan Program. The high-level measure approaches discussed 
below are described in detail in Appendix B. 

Streetlighting and Traffic Signals 
Streetlighting and traffic signal projects were verified by direct inspection. The evaluator 
obtained a comprehensive list of the installed lights of the project from the site contact or 
Energy Commission project manager. The list specified fixture type and location for each newly 
installed fixture as well as pre-existing lights. During the site visit, the evaluator inspected a few 
pre-existing lights that have been removed from the lighting poles (if possible); this inspection 
allowed verification of the baseline used in the ex ante analysis. The evaluator then selected a 
random sample of lighting fixtures, dispersed throughout the city and in a range of fixture 
wattages and types, to verify in a day. Given the time frame of a single day, it was typically 
reasonable to select a sample of only a few hundred lights, even if thousands were installed. Site 
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contacts provided lighting schedules if timers were in use; if photocells were in use, the 
evaluator assumed an average of 12 hours of operation per day. Savings were calculated using 
operating hours, fixture counts, and the difference between the pre-existing and installed fixture 
wattages. 

Exterior Lighting 
Exterior lighting projects followed the same protocol as used with streetlighting projects, with 
one exception. Evaluators verified all fixtures for exterior lighting projects, unless the fixture 
quantities were too high to be counted on a one-day site visit. Similar to streetlights, outdoor 
lights typically operate either on a fixed schedule or on photosensor controls. In both cases, 
there is insufficient schedule variability to necessitate data logging.  

Interior Lighting and Lighting Controls 
Lighting measures include a wide range of energy efficient controls, fixtures, and lamps, 
including linear fluorescents, light-emitting diodes (LEDs), exit signs, compact fluorescents, and 
high bay lighting for high ceilings. Evaluators calculated direct savings from lighting measures 
based on the following variables:  

• Baseline and installed fixture wattages  

• Baseline and installed fixture counts  

• Baseline and installed fixture operating hours.  

 

In retrofit projects, fixture wattages and counts typically changed. In controls projects—which 
involve occupancy sensors, daylighting sensors, and/or timer controls—operating hours were 
generally affected. In all cases, the wattage, counts, and hours of operation for baseline and 
installed fixtures were collected by the evaluator and confirmed with the site contact. In the 
event that observed fixture counts or types varied markedly from those claimed in the 
application, evaluators surveyed additional fixtures of the errant type.  

California requires lighting power density calculations for new construction and whole fixture 
retrofits. Currently this applies only to retrofits with complete fixture replacements. Projects 
that replace only the lights and the ballast but leave the fixture are not required to comply. No 
projects were included in this program with complete fixture replacement. Therefore, in this 
evaluation lighting power density analysis was not included as part of the method. If the 
building code changes, future evaluations will need to include lighting power density 
calculations.  

Vending Machine Misers 
Direct savings calculations for vending machine misers are based on unit operating hours, 
number of units, energy load per unit, and number of occupants. When possible, evaluators 
collected spot measurements of the energy load, verified that misers were installed and 
operating properly. Evaluators used a research factor of expected energy reduction to determine 
the energy savings.  
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Industrial Motors and Pumps 
Generally, projects industrial motors and pump projects entailed switching from less efficient 
motors and/or pumps to premium-efficiency motors and/or high-efficiency pumps, or installing 
variable frequency drives. For pumps and motors, two factors dictated savings: the differing 
efficiencies between the installed and base case equipment and the load profile of the 
equipment. For variable-speed drives, evaluators collected information from the site about the 
power draw of the motor, and the load profile. During site visits, evaluators verified the 
equipment specifications for the newly installed and removed pumps and/or motors and 
confirmed pre- and postinstallation operating hours with the site contacts. Evaluators 
determined the load profile of the equipment using spreadsheet analysis. For sites where it was 
available, billing and supervisory control and data acquisition (SCADA) data were used to 
develop annual usage profiles for the new pumps and motors and determine savings.  

Packaged HVAC Equipment 
Evaluators determined savings from packaged HVAC retrofit projects using one of four 
approaches as defined in Appendix B. For each case, evaluators followed the same general 
steps. Evaluators verify unit installation, schedules, and operations with the site contact. The 
evaluator also gathered any available data on the pre-existing units of a site, information on the 
control system, how the system typically operated, the age of the equipment, and operational 
maintenance issues. Depending on the number of newly installed units for a project, evaluators 
metered either a sample of the units or all of the units, as well as took spot measurements to 
ensure the validity of the metered data. Where a simulation modeling was developed by the 
implementer, the evaluator collected building information to verify a sample of the model 
inputs, including schedules and building shell characteristics; wall and roof insulation values, 
and roof color; window types, dimensions, orientations, window rate of heat transfer values, 
and solar heat gain coefficients; plugs loads (computers, monitors, copy machines, refrigerators, 
coffee machines, and so forth) and plug load schedules; lighting loads and schedules; process 
loads and schedules; HVAC system heating and cooling set points and scheduling, nameplate 
information; and fan operating strategies.  

For a spreadsheet analysis, evaluators created a spreadsheet to develop the load profiles for 
both pre- and postretrofit conditions. When using an existing simulation model of the building, 
the evaluator calibrated the HVAC end use of the model to metered data by adjusting loads and 
other parameters in the model to bring the observed and modeled demand profiles into 
agreement.  

Built-Up HVAC Measures: Central Plant  
Central plant HVAC measures include boiler retrofits, chiller retrofits, pump retrofits, and 
variable-frequency drive (VFD) installations, as well as many other possibilities. Evaluators 
established a load profile for newly installed central plant HVAC measures (pumps, cooling 
tower fans, chiller compressors, and so on). For most chilled-water projects, establishing a load 
profile for the loan- or grant-financed equipment requires determining a load profile for the 
chiller, regardless of whether the measure directly affects the chiller. Once the evaluator 
correlated the chiller’s power draw to its corresponding outdoor conditions (or time of day for 
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process chillers), most other parameters required to calculate the savings could be reasonably be 
determined.  

For gas-related plant measures such as boilers or large domestic hot water (DHW) heaters, 
evaluators used a different approach. In most instances, equipment specifications, schedule and 
data about the set-points of controls, utility gas bills, and verified combustion efficiency data 
were the only data available to the evaluator. Generally, the boilers or DHW heaters of the 
project were the only large gas users on the project participant’s utility bills, the evaluators 
conducted an analysis using the differing efficiencies of the base case, installed boilers, and the 
gas load of the project facility.  

Built-Up HVAC Measures: Air Side 
Air-side HVAC measures may include air handler constant volume (CV) to variable air volume 
(VAV) conversions,5 economizer retrofits and retrocommissioning, automatic thermostat 
installations, energy management system (EMS) upgrades (which may also affect plant 
equipment), and building set-point adjustments. For mechanical measures, evaluators used a 
spreadsheet analysis, informed by metered data, when the air delivery system of a site changes 
in some measureable way. Evaluators determined the effect of control measures using either 
spreadsheet analysis or simulation modeling. If spreadsheet models were used, savings were 
projected in terms of reduced equipment full load hours or bin-hours. Evaluation engineers 
used simulation modeling for control measures only when ex ante simulation models were 
provided for review and modification.  

Solar Photovoltaic Installations 
The evaluator verified the solar array, including model number and number of modules. The 
evaluator checked that the inverter was properly sized for the array. Savings were verified by 
actual generation results when available or by using the online Go Solar online calculator6 to 
adjust savings based on array.  

Custom Measures 
Custom measures include a disparate array of project types, ranging from computer server 
virtualization to mechanical aerators used in wastewater treatment. Each project type requires 
that evaluators use their best engineering judgment to develop a measure specific evaluation 
approach.  

 

                                                      

5 A constant volume air handler has a fan that runs at a constant speed anytime the unit is on (thus 
providing a constant volume of air). A variable volume air handler uses controls (generally a variable- 
frequency drive) to modulate fan speed and therefore the volume of air provided. 

6 http://www.csi-epbb.com/. 
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Gross Energy Savings Calculations 

Evaluators calculated gross site savings using the difference between the energy usage after the 
measure installation and the appropriate baseline. Savings for most energy efficiency measures 
were calculated using a spreadsheet analysis. In a few cases, calibrated end-use simulation or 
building energy simulation models were used to estimate savings. Evaluators collected end-use 
metered data that was incorporated into the calculations or used to calibrate models.  

 

Net Energy Savings Calculations 

Evaluators used participant interviews and information from Energy Commission project 
managers to estimate to what extent the program was responsible for the achieved gross 
savings. Participants were asked a series of questions about the influence of the program’s on 
their decision to implement energy efficiency measures. Evaluators weighted the achieved gross 
savings for projects from the fraction of participants who were not influenced by the program 
and compared those savings to the program’s total gross savings; this percentage was 
subtracted from 100 percent. For example, if two participants who were not influenced by the 
program had a combined savings equaling 10 percent of program savings, the net-to-gross ratio 
of the program would equal 90 percent. 

 

Life-Cycle Savings Calculations  

Savings continue to accrue beyond the first year a local jurisdiction implements an energy 
efficiency measure. Lighting measures, including streetlighting, have an expected useful life of 
15 years; HVAC equipment upgrade projects often have an expected useful life of 20 years. 
Controls and repair measures typically have shorter lifetimes of five to eight years, depending 
on the project. To calculate life-cycle savings for the total program, evaluators summed up the 
net life-cycle savings for all measures across all projects. Using Baseline 1, the life-cycle savings 
for a given measure equal the savings multiplied by the expected useful life of the measure. For 
Baseline 2, the calculation reflects both the old equipment’s remaining useful life (at the annual 
savings of Baseline 1) and annual savings under standard conditions after the old equipment 
would have likely been replaced.  

 

Greenhouse Gas Reductions Calculations  

The evaluation team calculated the total GHG emissions reduction that resulted from the 
ECAA–ARRA Program. The team used a calculation method using emissions conversion factors 
approved by the Energy Commission. Because of California’s efforts to reduce greenhouse gas 
emissions from the power generation industry and avoidance of coal generation, these factors 
are lower than nationwide factors. Thus, California must save more energy to achieve a similar 
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level of GHG emissions reductions of other states. The method applied emissions conversion 
factors to annual net energy savings, based on energy source, to calculate the carbon dioxide 
(CO2) emissions reduction mass in pounds, which was then converted to metric tons. The team 
used the following factors supplied by the Energy Commission:  

• Electric conversion factor: 690 lbs CO2/MWh 

• Natural gas conversion factor: 11.69 lbs CO2/therm 

• Renewable energy conversion factor: 830 lbs CO2/MWh 

• Liquid propane: 13.55 lbs CO2/therm 

• Diesel fuel oil: 16.31 lbs CO2/therm 

• Weight conversion: 2204.6 lbs/metric ton 
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CHAPTER 4: 
Results 
This chapter presents the overall results from the ECAA–ARRA Loan Program evaluation. This 
section begins with a discussion of the final sample disposition, followed by a discussion of 
overall realization rates and precision estimates for the evaluation sample. The next section 
presents gross energy savings results for the program overall, including summaries by loan 
group and measure group. Then, the chapter presents net savings analysis results and other 
findings from the in-depth participant interviews.  

Additional results are located in the appendices: 

• Appendix D summarizes program tracking information, including ex ante savings 
estimates, for all projects covered under the scope of the evaluation. 

• Appendix E provides the final project site reports for the evaluation sample. 

 

Sample Disposition 

The original sample design for this program was to evaluate a census of the population of the 
2009 loans. Subsequently, more loans were approved in 2010 and 2011. The plan remained, 
however, to sample a census of the original population and extrapolate to the full population 
representing the final ECAA-ARRA loans. Because the sample design was a census of the 
original population, evaluators did not calculate statistical parameters. 

Evaluators were not able to implement this approach as planned due to the overlap of the 
evaluation period with the implementation of the loans. Evaluators learned through interviews 
with Energy Commission project managers and site contacts that, in several cases, projects 
implemented from 2010-approved loans were completed before 2009 loan projects were 
completed. As a result, the evaluation sample was a census of projects completed within the 
time frame for evaluation field visits of May 2011 to February 2012.  

The final sample size totaled 17 evaluated loans, spanned 56 tracked measure groupings, and 
reflected the range of measure groups (HVAC, lighting plug loads, pumps/fans/motors, solar 
PV systems, water/wastewater retrofits, and water heaters). Of the 56 tracked measure 
groupings, 50 had electric savings, and 19 had therm savings. 

For this evaluation, energy savings were calculated relative to two established baselines: 
Baseline 1 and Baseline 2. Baseline 1 considers the existing conditions found before 
implementation of an energy efficiency measure and considers the equipment’s operating 
efficiency and control strategies. Baseline 2 is applicable when the RUL of an existing piece of 
equipment has ended; this baseline considers either minimally code-compliant conditions or 
standard practice when no code applies. 
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Differences between Baseline 1 and Baseline 2 ex post savings result from their calculation 
methods and differences in key variables, particularly the values selected for RUL, preretrofit 
efficiency, and preretrofit conditions. For Baseline 1, RUL by definition extends throughout the 
life of a measure. For Baseline 2, evaluators typically determined RUL by asking an on-site 
engineer or facility contact. In many cases, equipment was assigned a standard one-year RUL 
because existing equipment was on the verge of failure, and the remainder of lifetime savings 
was calculated against code-compliant or standard conditions.  

Baseline 2 ex post savings were consistently lower than Baseline 1 for HVAC electric measures, 
which is expected given that old HVAC equipment operates much less efficiently than 
standard, code-compliant equipment. Measures included in the “other” category address 
primarily water-heating loads.  

Table 15 presents project-specific results for annual ex post electric savings, and Table 16 
presents this same information for natural gas and other fuel savings. These tables also show 
the realization rate by project. The realization rate is the ratio between ex post and ex ante 
savings. Ideally, realization rates are close to one; however, savings can be difficult to estimate 
before implementation of a project. For example, changes might be made to controls or 
operations that were not anticipated in the ex ante savings estimate but are observed by 
evaluators and reflected in the ex post estimate.  

 

Table 15: ECAA-ARRA Sampled Projects – Ex Post Electric Savings Results by Project 

ECAA-ARRA Loan 
Number 

ECAA-ARRA 
Loan Recipient 

Annual 
Ex Ante 
Electric 
Savings 
(kWh) 

Annual Ex Post 
Electric Savings 

(kWh) 
Realization Rates 

Baseline 
1 

Baseline 
2 

Baseline 
1 

Baseline 
2 

001-09-ECE-ARRA Marin, County of 194,848 261,039 173,925 134% 89% 

001-10-ECE-ARRA Del Norte, County 
of -2,296 -27,708 -10,189 1207% 444% 

002-10-ECE-ARRA Arroyo Grande, 
City of 

                   
73,460 47,287 44,414 68% 64% 

003-10-ECE-ARRA Duarte, City of 149,790 166,918 144,257 111% 96% 
004-09-ECE-ARRA Carlsbad, City of 3,078,049 3,054,356 3,054,356 99% 99% 
005-09-ECE-ARRA Clovis, City of 892,425 977,220 785,058 110% 88% 

006-10-ECE-ARRA Alameda, County 
of 2,108,952 1,916,136 1,916,136 91% 91% 

009-09-ECE-ARRA Rancho Mirage, 
City of 162,593 103,049 84,378 63% 52% 

009-10-ECE-ARRA  Calimesa, City of 11,350 17,742 12,872 156% 113% 

010-09-ECE-ARRA  Grover Beach, 
City of 171,020 168,639 164,845 99% 96% 
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ECAA-ARRA Loan 
Number 

ECAA-ARRA 
Loan Recipient 

Annual 
Ex Ante 
Electric 
Savings 
(kWh) 

Annual Ex Post 
Electric Savings 

(kWh) 
Realization Rates 

Baseline 
1 

Baseline 
2 

Baseline 
1 

Baseline 
2 

013-09-ECE-ARRA 
McKinleyville 
Community 

Services District 
56,900 13,743 13,743 24% 24% 

021-09-ECE-ARRA Albany, City of 188,869 200,078 200,078 106% 106% 

022-09-ECE-ARRA 
Butte Glenn 
Community 

College District 

                  
369,551 

                                     
468,630 

               
435,917 127% 118% 

024-09-ECE-ARRA Brisbane, City of 107,114 113,214 113,214 106% 106% 
027-09-ECE-ARRA Hollister, City of 14,840 13,160 1,771 89% 12% 
Total 7,577,465 7,493,503  7,134,775  99% 94% 

Source: DNV KEMA analysis 
 

Table 16: ECAA-ARRA Sampled Projects – Ex Post Natural Gas and Other Fuel Savings Results by 
Project 

ECAA-ARRA Loan 
Number 

ECAA-ARRA 
Loan Recipient 

Annual Ex 
Ante Therm-
Equivalent 

Savings 
(therms) 

Annual Ex Post 
Therm-Equivalent 
Savings (therms) 

Realization Rates 

Baseline 
1 

Baseline 
2 

Baseline 
1 

Baseline 
2 

001-10-ECE-ARRA Del Norte, County 
of 11,213 3,999 10,436 36% 93% 

002-10-ECE-ARRA Arroyo Grande, 
City of 754  957  896  127% 119% 

003-10-ECE-ARRA Duarte, City of 348 135 135 39% 39% 
005-09-ECE-ARRA Clovis, City of 3,000 2,382 3,197 79% 107% 

010-09-ECE-ARRA Grover Beach, City 
of 1,837 1,711 1,634 93% 89% 

022-09-ECE-ARRA 
Butte Glenn 
Community 

College District 
- 967 26 n/a n/a 

027-09-ECE-ARRA Hollister, City of 229 740 - 323% 0% 
Total 17,381  10,891  16,324  63% 94% 

Source: DNV KEMA analysis 
 

The following tables present ex ante and ex post results by tracked measure grouping for the 
sampled sites, along with the realization rates. Table 17 shows the dominance of lighting 
projects, which generated significant electric savings. Table 18 shows energy generation results 
for the solar PV projects. Energy generation was estimated at the meter or premise; these 
projects were not adjusted to account for transmission and distribution losses to find 
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generation-level savings. Relatively few projects, both in the sample and in the population, 
yielded therm-equivalent savings, as shown in Table 19. Most of these tracked measure 
groupings reduced natural gas loads, but in a few cases, tracked measure groupings were 
implemented that reduced diesel or propane fuel.  

As shown, realization rates for natural gas and other fuel measures show greater variation than 
for electric tracked measure groupings. In addition, ex post savings for HVAC tracked measure 
groupings could be greater for Baseline 2 than Baseline 1 when preretrofit equipment did not 
meet the current design needs of a facility and when the postretrofit equipment was sized to 
meet these required loads and conditions. For example, the aging HVAC system at the Del 
Norte jail facility did not achieve required heating loads to ensure occupant comfort. When 
comparing the old system to the new under Baseline 1, the savings are negative since more 
energy is used. Evaluators would expect ex ante electric savings to be negative, but positive 
therm savings result in less overall energy consumption. Baseline 2 considers the therm savings 
using current load and comparing the new, efficient HVAC system when compared to a 
minimally code-compliant system. In this case, the savings are greater for Baseline 2.  
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Table 17: ECAA-ARRA Sampled Projects – Ex Post Electric Savings Results 

ECAA-
ARRA Loan 

Number 

ECAA-ARRA 
Loan Recipient 

Measure 
Group 

Type of Measure 
Description 

Annual Ex 
Ante 

Electric 
Savings 
(kWh) 

Annual Ex Post Electric 
Savings (kWh) Realization Rates 

Baseline 1 Baseline 2 Baseline 
1 

Baseline 
2 

001-09-
ECE-ARRA Marin, County of 

HVAC 
Air handler repairs 13,389 51,834 51,834 387% 387% 
Chiller replacement 85,439 113,185 26,071 132% 31% 

Lighting 
Exterior lighting 11,602 11,602 11,602 100% 100% 
Interior lighting 84,418 84,418 84,418 100% 100% 

Total   194,848 261,039 173,925 134% 89% 

001-10-ECE-
ARRA 

Del Norte, 
County of 

HVAC 

Heat recovery unit7 -15,505 -10,797 -10,797 70% 70% 
High-efficiency propane 
furnaces, fuel switching 12,056 -18,064 0 -150% 0% 

Install new economizer 0 0 0 0% 0% 
Retrocommissioning, 

Repair & Maintenance 1,153 1,153 608 100% 53% 

Other DHW boiler or tank water 
heater 0 0 0 0% 0% 

Total   -2,296 -27,708 -10,189 1207% 444% 

002-10-ECE-
ARRA 

Arroyo Grande, 
City of 

HVAC 
Packaged/Split HVAC 5,354 4,840 1,967 90% 37% 

Programmable thermostat 27,550 7,891 7,891 29% 29% 
Lighting Fixture retrofit 20,455 15,444 15,444 76% 76% 

Other 
LCD monitors 460 277 277 60% 60% 

Computer power 
management 17,767 16,272 16,272 92% 92% 

                                                      

 7 The Del Norte furnace and heat recovery measures resulted in negative electric savings, but overall positive therm savings, when considering the increased 
capability of the system (Baseline 2).  
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ECAA-
ARRA Loan 

Number 

ECAA-ARRA 
Loan Recipient 

Measure 
Group 

Type of Measure 
Description 

Annual Ex 
Ante 

Electric 
Savings 
(kWh) 

Annual Ex Post Electric 
Savings (kWh) Realization Rates 

Baseline 1 Baseline 2 Baseline 
1 

Baseline 
2 

Vending Machine Miser 1,874 2,563 2,563 137% 137% 
Total   73,460 47,287 44,414 64% 60% 

003-10-ECE-
ARRA Duarte, City of 

HVAC 
EMS and programmable 

controls 22,508 18,223 18,223 81% 81% 

Packaged/Split HVAC 25,039 23,758 1,097 95% 4% 
Lighting Fixture retrofit and controls 102,243 124,937 124,937 122% 122% 

Total   149,790 166,918 144,257 111% 96% 

004-09-ECE-
ARRA Carlsbad, City of 

Lighting Induction streetlighting 3,078,049 3,054,356 3,054,356 99% 99% 
Total   3,078,049 3,054,356 3,054,356 99% 99% 

005-09-ECE-
ARRA Clovis, City of 

HVAC 
Boilers and AC rooftop 

units 166,518 195,650 19,818 117% 12% 

Chiller and boiler 17,412 17,280 950 99% 5% 
Lighting Fixture retrofit 588,495 697,498 697,498 119% 119% 

Other Computer power 
management 120,000 66,792 66,792 56% 56% 

Total   892,425 977,220 785,058 110% 88% 

006-10-ECE-
ARRA 

Alameda, County 
of 

Lighting LED streetlighting 2,108,952 1,916,136 1,916,136 91% 91% 
Total   2,108,952 1,916,136 1,916,136 91% 91% 

009-09-ECE-
ARRA 

Rancho Mirage, 
City of 

HVAC Chiller retrofit and controls 
upgrade 162,593 103,049 84,378 63% 52% 

Total   162,593 103,049 84,378 63% 52% 

009-10-ECE-
ARRA Calimesa, City of 

HVAC Packaged/Split Heat Pump 11,350 17,742 12,872 156% 113% 
Total   11,350 17,742 12,872 156% 113% 
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ECAA-
ARRA Loan 

Number 

ECAA-ARRA 
Loan Recipient 

Measure 
Group 

Type of Measure 
Description 

Annual Ex 
Ante 

Electric 
Savings 
(kWh) 

Annual Ex Post Electric 
Savings (kWh) Realization Rates 

Baseline 1 Baseline 2 Baseline 
1 

Baseline 
2 

010-09-ECE-
ARRA 

Grover Beach, 
City of 

HVAC 
Packaged/Split HVAC 10,110 5,392 1,598 53% 16% 

Programmable thermostat 16,812 5,034 5,034 30% 30% 

Lighting 
Fixture retrofit 71,452 75,856 75,856 106% 106% 

LED streetlighting 57,816 71,234 71,234 123% 123% 

Other 
Computer power 

management 13,052 10,011 10,011 77% 77% 

Vending machine miser 1,778 1,112 1,112 63% 63% 
Total   171,020 168,639 164,845 99% 96% 

013-09-ECE-
ARRA 

McKinleyville 
Community 

Services District 

Other VFD on water pumps 56,900 13,743 13,743 24% 24% 

Total   56,900 13,743 13,743 24% 24% 

021-09-ECE-
ARRA Albany, City of 

Lighting LED streetlighting 188,869 200,078 200,078 106% 106% 
Total   188,869 200,078 200,078 106% 106% 

022-09-ECE-
ARRA 

Butte Glenn 
Community 

College District 

HVAC 
Packaged/Split HVAC 25,313 37,201 8,082 147% 32% 

VFD fan control 75,974 128,307 128,307 169% 169% 

Lighting 
Fixture retrofit 239,756 271,547 271,547 113% 113% 

Occupancy sensor controls 22,303 24,272 24,272 109% 109% 
Other Efficient motor 6,205 7,303 3,709 118% 60% 
Total   369,551 468,630 435,917 127% 118% 

024-09-ECE-
ARRA Brisbane, City of 

Lighting LED streetlighting 107,114 113,214 113,214 106% 106% 
Total   107,114 113,214 113,214 106% 106% 

027-09-ECE-
ARRA Hollister, City of 

HVAC Packaged/Split HVAC 14,840 13,160 1,771 89% 12% 
Total   14,840 13,160 1,771 89% 12% 

Total 
 

7,577,465 7,493,503 7,134,775 99% 94% 
  Source: DNV KEMA analysis 
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Table 18: ECAA-ARRA Sampled Projects – Ex Post Electric Generation Results 

ECAA-ARRA 
Loan Number 

ECAA-ARRA Loan 
Recipient Measure 

Annual Ex Ante 
Electric 

Generation 
(kWh) 

Annual Ex Post Electric Generation (kWh) Realization Rates 

Baseline 1 Baseline 2 Baseline 1 Baseline 2 

017-09-ECE-ARRA Alameda, County of Solar PV 412,102 445,393 445,393 108% 108% 
008-10-ECE-ARRA Clovis, City of Solar PV 695,348 617,223 617,223 89% 89% 
Total 1,107,450 1,062,616 1,062,616 96% 96% 

Source: DNV KEMA analysis  
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Table 19: ECAA-ARRA Sampled Projects – Ex Post Natural Gas and Other Fuel Savings Results 

ECAA-
ARRA 
Loan 

Number 

ECAA-
ARRA Loan 
Recipient 

Measure 
Group Measure Description 

Annual Ex 
Ante 

Therm-
Equivalent 

Savings 
(therms) 

Annual Ex Post Therm-
Equivalent Savings 

(therms) 
Realization Rates 

Baseline 1 Baseline 2 Baseline 1 Baseline 2 

001-10-
ECE-ARRA 

Del Norte, 
County of 

HVAC 

Heat recovery unit 794.00 653 653 82% 82% 

High-efficiency propane 
furnaces, fuel switching 7,197 -1,1058 5,332 -15% 74% 

Install new economizer 401.00 1,283 1,283 320% 320% 
Retrocommissioning, 

Repair & Maintenance 360.00 1,535 1,535 426% 426% 

Other DHW boiler or tank water 
heater 2,461 1,633 1,633 66% 66% 

Total   11,213 3,999 10,436 36% 93% 

002-10-
ECE-ARRA 

Arroyo 
Grande, City 

of 

HVAC 
Packaged/Split HVAC 263 141 80 54% 30% 

Programmable thermostat 491 816 816 166% 166% 

Total   754 957 896 127% 119% 

003-10-
ECE-ARRA 

Duarte, City 
of 

HVAC 
EMS and programmable 

controls 260 81 81 31% 31% 

Packaged/Split HVAC 88 54 54 61% 61% 

Total   348 135 135 39% 39% 
005-09-
ECE-ARRA 

Clovis, City 
of HVAC Boilers and AC rooftop 

units 2,000 1,871 2,620 94% 131% 

                                                      

8 This fuel switching project replaced equipment that was too small to meet the needs of the facility. The new, higher capacity equipment resulted in more 
energy consumed (as shown from Baseline 1 as negative savings), but was more efficient than minimally compliant equipment, resulting in savings compared 
to Baseline 2. Overall, the new equipment is able to meet the needs of the facility efficiently. 
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ECAA-
ARRA 
Loan 

Number 

ECAA-
ARRA Loan 
Recipient 

Measure 
Group Measure Description 

Annual Ex 
Ante 

Therm-
Equivalent 

Savings 
(therms) 

Annual Ex Post Therm-
Equivalent Savings 

(therms) 
Realization Rates 

Baseline 1 Baseline 2 Baseline 1 Baseline 2 

Chiller and Boiler 1,000 511 577 51% 58% 
Total   3,000 2,382 3,197 79% 107% 

010-09-
ECE-ARRA 

Grover 
Beach, City 

of 

HVAC 
Packaged/Split HVAC 513 336 259 65% 50% 

Programmable thermostat 1,324 1,375 1,375 104% 104% 

Total   1,837 1,711 1,634 93% 89% 

022-09-
ECE-ARRA 

Butte Glenn 
Community 

College 
District 

HVAC Packaged/Split HVAC 0 967 26 n/a n/a 

Total   0 967 26 n/a n/a 

027-09-
ECE-ARRA 

Hollister, 
City of 

HVAC Packaged/Split HVAC 229 740 0 323% 0% 

Total   229 740 0 323% 0% 
Total 17,381 10,891 16,324 63% 94% 

  Source: DNV KEMA analysis 
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Gross Program Savings 

The evaluation team developed realization rates for measure groups, based on the results from 
the sampled projects. Using these realization rate results by measure group, the team 
extrapolated the savings to the program population. Lighting and HVAC were well-represented 
in the sample sites. Both PV sites were in the sample; no extrapolation was needed. Measures 
that comprised the “other” category occurred less frequently and were grouped together to 
allow a reasonable extrapolation.  

Program-Level Gross Impacts 
Table 20 shows the total gross annual ex ante, ex post electric savings, and realization rates for 
the ECAA-ARRA Loan Program for Baselines 1 and Baseline 2. As shown, the majority of 
electric savings were achieved by implementing lighting measures, and the majority of therm-
equivalent savings were from HVAC measures.  

 

Table 20: ECAA-ARRA Loan Program – Gross Annual Ex Post Electric Savings  

Measure 
Group 

Tracked 
Measure 

Groupings 
in 

Population 

Tracked 
Measure 

Groupings 
in Sample 

Ex Ante 
Savings, 

kWh 

Baseline 1 Baseline 2 

Ex Post 
Savings, 

kWh 
Realization 

Rate 
Ex Post 
Savings, 

kWh 
Realization 

Rate 

HVAC 32 21 1,240,644  1,308,235  105% 658,298  53% 

Lighting 38 21 14,370,461  14,325,441  100% 14,325,440  100% 

Other 21 8 1,062,854  575,568  54% 558,048  53% 

Overall 91 50 16,673,959  16,209,244  97% 15,541,786  93% 

Source: DNV KEMA analysis 
 

The preponderance of lighting projects yielded excellent overall program savings. Using 
funding for streetlighting projects was very effective for a program such as ECAA-ARRA that 
required “shovel-ready” projects. California’s mild climate is particularly well-suited to highly 
efficient LED streetlights. Financial support and technical assistance from local utilities further 
enhanced local jurisdictions’ ability to implement these projects.  

Measures expected to have less variability, such as straightforward lighting measures, 
correlated with realization rates at 100 percent. Most of the lighting savings were realized from 
streetlighting measures, which typically have very little variability between ex ante and ex post 
results, consistent with project findings. Because streetlights are always operational, 12 hours 
per day on average, usage is very predictable.  

HVAC measures generated significant savings, and ECAA-ARRA funding enabled removing 
some very inefficient systems and equipment from operation. For example, one air conditioner 
removed from service in the program was more than 30 years old. At one particular jail site, a 
very inefficient heating system was removed and replaced with efficient equipment that met the 
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site’s needs. Overall, the HVAC projects had the greatest electric and gas savings variations, 
which often resulted from inability to predict a measure’s operating hours, changes to the 
equipment models or the number of units installed after completing a project feasibility study, 
or an overly simple baseline load analysis. Chiller retrofit measures often generated the greatest 
savings. A VFD fan control project also yielded significant savings.  

Two custom measures with the largest expected savings decreased realization rates for electric 
measures in the “other” category. Measures in the “other” category included water heating, 
motors, VFDs, plug-load measures, and custom measures at water and wastewater treatment 
facilities, where more variation is also an expected result. A combination pump replacement 
and VFD project at a water treatment facility, which was installed primarily for reasons other 
than energy efficiency, had a poor realization rate after the VFD was commissioned. A power 
management computer project also resulted in lower savings than expected, although the 
savings realized were significant. Combined, these two projects equaled three-quarters of the 
total expected savings within the “other” category, which reduced the overall realization rate to 
about half of the ex ante estimate in this category. 

Table 21 shows the results for therm savings from natural gas and other fuel energy efficiency 
measures. Although many HVAC measures were sampled, one of the largest ones was the Del 
Norte jail HVAC project. The project, which installed an efficient system replacing a system that 
could not meet the facility needs, had a low realization rate when compared to the old, 
undersized equipment (Baseline 1), but a much higher realization rate when compared to 
standard, minimally compliant equipment designed to meet the facility loads. The overall 
realization for all HVAC projects is considerably improved with Baseline 2. This case illustrates 
the usefulness of having both baselines for comparison. The value of this jail project is more 
apparent when comparing the new efficient system to a minimally compliant system than it is 
in comparing it to the old, poorly functioning system. In more typical cases, Baseline 1 
realization rate will exceed Baseline 2 values.  

 

Table 21: Gross Annual Ex Post Natural Gas and Fuel Savings 

Measure 
Group 

Tracked 
Measure 

Groupings 
in 

Population 

Tracked 
Measure 

Groupings 
in Sample 

Ex Ante 
Savings, 
Therms 

Baseline 1 Baseline 2 

Ex Post 
Savings, 
Therms 

Realization 
Rate 

Ex Post 
Savings, 
Therms 

Realization 
Rate 

HVAC 22 17 58,046 36,016 62% 57,155 98% 

Other 3 2 9,609 6,376 66% 6,377 66% 

Overall 25 19 67,655 42,392 63% 63,532 94% 

Source: DNV KEMA analysis 
 

Table 22 below shows the gross annual ex post electric generation impacts from the two solar 
PV projects. Since all the generation projects were sampled, no extrapolation was required. The 
realization rate is the same for both baselines. 
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Table 22: ECAA-ARRA Loan Program – Gross Annual Ex Post Electric Generation 

Measure 
Group 

Ex Ante 
Generation, 

kWh 

Baseline 1 Baseline 2 
Ex Post 

Generation, 
kWh 

Realization 
Rate 

Ex Post 
Generation, 

kWh 
Realization 

Rate 

Solar PV 1,107,450 1,062,616 96% 1,062,616 96% 

Source: DNV KEMA analysis 
 

Figure 2 and Figure 3 show ex post savings distribution by measure group.  

 

Figure 2: Ex Post Electric Savings by Measure Group, Baseline 1 

 
   Source: DNV KEMA analysis 

 

HVAC 
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Lighting 
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Other 
4% 
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Figure 3: Ex Post Natural Gas Savings by Measure Group, Baseline 1 

 
   Source: DNV KEMA analysis 

 

Solar PV projects also had high realization rates, greater than 96 percent, with only two projects 
in the program. For one project (Alameda County), generation data were available, and savings 
exceeded ex ante estimates. For the other project (Clovis), a spreadsheet analysis estimated 
generation at 89 percent of the ex ante estimate. Both projects appeared to be operating well and 
generating electricity for these local jurisdictions. 

Precision Results 
As mentioned in Chapter 3, evaluators used model-based statistical sampling methods to select 
the sample, with the goal of achieving relative precision of the overall program ex post savings 
estimates within ± 10 percent at the 90 percent confidence level (90/10 precision).  

Table 23 shows the gross savings, confidence intervals, standard error, and relative precision for 
the program. The evaluation team calculated the gross savings using the realization rates 
achieved based on the sample evaluation for each measure group. The evaluation team 
calculated the standard error on the realization rate (kWh and therms), which was used to 
determine the 90 percent confidence interval proportion. The team calculated the relative 
precision by dividing the confidence interval proportion by the realization rate. Hence, where 
the realization rate is high, the confidence interval proportion and relative precision are nearly 
equal.  

HVAC 
85% 

Other 
15% 

Lighting 
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As shown, the results indicate the overall precision achieved at the 90 percent confidence 
interval for electric savings was 8 percent for both Baseline 1 and Baseline 2, consistent with 
low-variability lighting measures. Evaluators found greater variation in realization rates with 
HVAC and other measures, which was expected given the range of conditions that occur. The 
ex post annual natural gas savings results show more variability, with relative precision at 14 
percent for Baseline 1 and 20 percent for Baseline 2. The greater relative precision and 
confidence intervals for HVAC and other measures are consistent with more variability in the 
observed results.  

 

Table 23: Confidence Intervals and Precision for Gross Annual Savings  

 
Baseline 1 Baseline 2  

ECAA-ARRA Gross Electric 
Savings, kWh 

Gross Gas 
Savings, Therms 

Gross Electric 
Savings, kWh 

Gross Gas 
Savings, Therms 

Program Savings 16,209,244 42,392 15,541,786 63,532 

90% Confidence 
Interval Savings  ± 1,134,647   ± 6,683  ± 1,243,343   ± 11,436  

90% Confidence 
Interval Proportion, ± % 7% 16% 8% 18% 

Precision 8% 14% 8% 20% 

Standard Error 4% 10% 5% 11% 

Source: DNV KEMA analysis 
 

Differences in Ex Ante and Ex Post 
Though overall realization rates were high, there was great variation for specific projects. The 
evaluation team examined reasons for the differences between ex ante and ex post savings for 
measures and for specific projects. Following the site visits, each engineer listed one of several 
standard reasons why the evaluation results differed from ex ante estimates, as shown in Table 
24. 

 

Table 24: Reasons for Differences Between Ex Ante and Ex Post Calculations 

Reasons for Differences Number of Measures 

Calculation method unclear 6 

Customer reported different parameter(s) 12 

Data entry errors 1 

Different analysis or calculation method 15 

Different baseline or installation 1 

Not applicable, no significant differences 3 

Other 7 
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Reasons for Differences Number of Measures 

Used site-specific rather than prescriptive 2 

Different hours of operation 8 

Other savings in documentation 1 

Grand Total 56 

Source: DNV KEMA analysis 
 

Several consistent themes emerged: 

• Different analysis or calculation method used. This was the most common reason site 
engineers noted for differences between ex ante and ex post savings. Ex ante savings for 
many sites used overly simplified analysis methods that did not accurately reflect 
consumption, which was especially common for HVAC measures. For example, ex ante 
chiller and air handler measures for one site in Marin County used binned, heavily 
weather-dependent savings methods, even though cooling load depends mainly on 
occupancy. At this site, the ex post estimates calculated consumption using an eQUEST 
load profile that considered lighting and occupancy as well as weather. Computer 
power management measures at several sites also had uncertain results because 
generalized ex ante estimates were done as spreadsheet analyses. Some included an 
HVAC interaction factor, which is too complex to capture accurately using a simple 
factor; the evaluation team deemed this method too uncertain by which to report 
savings.  

• Different operational hours used in the ex ante analysis. Many inconsistencies within 
lighting measures can be explained by differing usage hours reported in the ex ante 
calculations. For example, some ex ante estimates assumed annual operating hours of 
4,100 hours for exterior and streetlighting fixtures controlled by photocells, though 
others assumed 4,380 hours. The evaluation team assumed photocells operated for 12 
hours per day and consistently adjusted the annual operating hours to 4,380 hours to 
reflect actual operating times. This adjustment occurred for exterior and streetlighting 
projects for the cities of Duarte and Brisbane. In other cases, on-site metering confirmed 
that ex ante assumptions did not reflect actual operating conditions. For example, ex 
ante calculations for interior lighting retrofits in the city of Arroyo Grande assumed 
2,860 annual hours of use; however, the evaluation team’s metering indicated large 
discrepancies in the hours of use.  

• Customer reported different parameters. The evaluation team’s on-site verifications 
occasionally found inconsistencies in key parameters of the installed measures. These 
parameters could be efficiency, capacity, number of units installed, or operational or 
equipment features. For example, the city of Clovis’s PC power management measure 
saw only a 56 percent realization rate since a reduced number of PCs were controlled by 
the software than reported in the ex ante documentation. A project for Grover Beach also 
had discrepancies in its HVAC measures; the evaluation team found that the installed 
system had a lower nominal cooling capacity than reported. Ex ante calculations 
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assumed the efficiencies of the new units as 19 SEER (seasonal energy efficiency ratio) 
and 95 percent AFUE (annual fuel utilization efficiency); however, actual efficiencies 
averaged 14.9 SEER and 87 percent AFUE. Butte College’s retrofit overestimated the 
number of lighting fixtures and HVAC units installed. Another concern is the oversight 
of implementation contractors. During the site visits, evaluators sometimes observed 
that the site contact had little knowledge of what actually was installed. Communication 
and oversight of the project implementation could be improved. 

• Errors in ex ante calculations. A few cases had simple errors in ex ante calculations. For 
example, ex ante calculations for thermostat measures for the city of Duarte’s showed a 
natural gas savings realization rate of 31 percent because ex ante documentation did not 
detail that pre-existing thermostats were already on a programmed schedule; therefore, 
no schedule adjustments were made to the controls reducing the overall savings. HVAC 
measures for the city of Grover Beach had less-than-expected realization rates because 
the feasibility study overcalculated fan cooling. The city of Calimesa underestimated 
heat pump ex ante savings because the feasibility study was based on year-round 
cooling mode operations, instead of cooling mode for the cooling season and heating 
mode for the heating season.  

• Insufficient ex ante documentation. Although many feasibility studies provided 
thorough analysis of expected savings, others were less detailed. The evaluation team 
could not explain the source of ex ante and ex post savings differences in some cases 
because of insufficient ex ante documentation. In these cases, evaluators offered insight 
to many factors but without detailed ex ante documentation were unable to provide a 
full discussion. In some circumstances, ex ante analysis documentation from a site 
contact differed from claimed savings provided by the Energy Commission. This 
contributed to additional uncertainty regarding measure savings and, in particular, 
around possible project scope-of-work changes. However, in most cases documentation 
was sufficient and overall, the evaluation confirms that the ECAA-ARRA approach of 
requiring feasibility studies as a basis was generally effective. 

 

Net Program Savings 
As referenced in the Net Energy Savings Calculations section in Chapter 3, evaluators used 
participant interviews and information from Energy Commission project managers to estimate 
to what extent the program was responsible for the achieved gross savings. Evaluators 
weighted the achieved gross savings for projects from the fraction of participants who were not 
influenced by the program and compared those to the total gross savings of the program; this 
percentage was subtracted from 100 percent.  

The net-to-gross ratio for the ECAA-ARRA Loan Program was determined to be very high, at 
99.8 percent. This ratio corroborates the evidence that this program provides effective funding 
to local jurisdictions to improve energy efficiency. Survey results indicate that a single 
subrecipient out of 17 projects (6 percent) was not influenced by the program in its choice to 
implement an energy efficiency measure. When asked about the program’s effect, this 
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respondent indicated that the project would have been implemented regardless of the support 
provided through the ECAA-ARRA Loan Program. In addition, through interviews with 
Energy Commission staff, evaluators reviewed the background of this project to further assess 
the potential for program influence. Evaluators concluded that the energy efficiency elements of 
this project were part of a much larger, planned facility upgrade that would have ultimately 
gone forward without ECAA-ARRA funding. In addition, this project contributed only a very 
small fraction of the program’s overall total savings (0.20 percent). Therefore, the net-to-gross 
ratio for the ECAA-ARRA Loan Program was determined to be 99.8 percent.  

Table 25 and Table 26 show the net program electric and therm savings, respectively. 

 

Table 25: Net Annual Program Savings for Electric Measures 

Net-to-
Gross 
Ratio 

Baseline 1 Baseline 2 

Gross Electric 
Savings, kWh 

Net-Adjusted 
Electric Savings, 

kWh 
Gross Electric 
Savings, kWh 

Net-Adjusted 
Electric Savings, 

kWh 
99.80% 16,209,244 16,176,826 15,541,786 15,510,703 

  Source: DNV KEMA analysis 
 

Table 26: Net Annual Program Savings for Gas and Fuel Measures 

Net-to-
Gross Ratio 

Baseline 1 Baseline 2 

Gross Natural 
Gas Savings, 

therms 

Net-Adjusted 
Natural Gas 

Savings, 
therms 

Gross Natural 
Gas Savings, 

therms 

Net-Adjusted 
Natural Gas 

Savings, therms 

99.80% 42,392 42,307 63,532 63,404 
 Source: DNV KEMA analysis 
 

Life-Cycle Analysis 
The evaluation team calculated life-cycle savings for the lifetimes of these measures. Each 
measure was assigned an EUL, which was determined from relevant sources and based upon 
best practices in energy efficiency evaluation, and net savings for each EUL year were summed 
over the measure life to determine life-cycle savings. Savings are compared against Baseline 1 
and Baseline 2 in the following figures and table. 

Savings continue to accrue beyond the first year a local jurisdiction implements an energy 
efficient measure. Most lighting measures, including streetlighting, have an expected useful life 
of about 15 years; HVAC equipment upgrade projects often have an expected useful life of 20 
years. Measures for controls and repairs typically have shorter lifetimes of four to five years, 
depending on the project. EULs are shown in Table 27. Sources for the EULs include the 
Database for Energy Efficient Resources (DEER) and ENERGY STAR®.  
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Table 27: Effective Useful Life for ECAA-ARRA Measures 

Measure  
Group 

Measure Type Measure 
Effective 

Useful Life 
(Years) 

HVAC 

HVAC Controls and 
Retrocommissioning 

Air handler controls & repairs 5 

EMS and programmable controls 11 

Install new economizer 10 

Programmable thermostat 11 

Retrocommissioning, repair & 
maintenance 5 

VFD fan control 15 

HVAC Equipment 

Boilers and AC rooftop units 20 

Chiller and boiler 20 

Chiller replacement 20 

Chiller retrofit and controls upgrade 20 

Heat recovery unit 14 

High-efficiency propane furnaces, 
fuel switching 15 

Packaged/split heat pump 15 

Packaged/split HVAC 15 

Lighting 

Lighting Exterior 
Exterior lighting 15 

Traffic lighting 10 

Lighting Interior 

Fixture retrofit 15 

Interior lighting 15 

Occupancy sensor controls 8 

Streetlighting 
Induction streetlighting 16 

LED streetlighting 15 

Other 

Domestic Hot Water DHW boiler or tank water heater 20 

Plug Load 

LCD monitors 4 

Power management 4 

Vending machine miser 5 

Motors and Drives Efficient motor 15 

Wastewater VFD on water pumps 15 

PV Distributed 
Generation Photovoltaics 30 

Source: DNV KEMA analysis 
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To calculate life-cycle savings for the total program, evaluators summed up the life-cycle 
savings for all measures across all projects. Using Baseline 1, the life-cycle savings for a given 
measure equal the savings multiplied by the expected useful life of the measure. For Baseline 2, 
the calculation reflects both the remaining useful life of the old equipment (at the annual 
savings of Baseline 1) and annual savings under standard conditions after the old equipment 
would have likely been replaced. Table 28 and Table 29 present life-cycle savings results for the 
program. 

 

Table 28: Net Program Life-Cycle Savings 

Measure 
Group 

Electric Life-
Cycle Savings: 

Baseline 1 
(kWh) 

Electric Life-
Cycle 

Savings: 
Baseline 2 

(kWh) 

Natural Gas 
and Fuel Life-

Cycle Savings: 
Baseline 1 

(kWh) 

Natural Gas and 
Fuel Life-Cycle 

Savings: 
Baseline 2 

(kWh) 
HVAC           23,409,715  11,873,468  643,316  1,020,711  
Lighting 219,847,272  219,847,262  -                            -    
Other             6,958,277  6,731,644  103,598                 103,607  
Total 250,215,264  238,452,374  746,914  1,124,318  

Source: DNV KEMA analysis 

 

Table 29: Life-Cycle Electric Generation 

Measure Group 
Electric Life-Cycle Generation 

(kWh) 
Baseline 1 Baseline 2 

Solar PV 31,814,723 31,814,723 
Source: DNV KEMA analysis 
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Greenhouse Gas Emission Reductions 

GHG emissions reductions accrue when energy is saved or renewable energy replaces fossil 
generation. The evaluation team calculated the total reduction in GHG emissions resulting from 
the ECAA-ARRA Program. Evaluators calculated annual program-related emissions savings 
using both baselines. More than 5,000 metric tons of GHG emissions reductions were calculated 
to have been avoided annually as a result of this program, as shown in Table 30. 

 

Table 30: Program-Related GHG Annual Emission Reductions 

Measure 
Group 

Electric Measures 
(metric tons) 

Natural Gas and Fuel 
Measures (metric tons) 

Program-Level GHG 
Emission Reductions 

(metric tons) 

Baseline 1 Baseline 2 Baseline 1 Baseline 2 Baseline 1 Baseline 2 

HVAC 409 206 228 183 637 389 
Lighting 4,475 4,475 0 0 4,475 4,475 
Other 180 174 34 34 214 208 
Solar PV 399 399 0 0 399 399 
Total 5,463 5,254 262 217 5,725 5,471 

Source: DNV KEMA analysis 
 

Electric savings generated the greatest amount of GHG avoidance, and lighting measures 
comprised the majority of those savings, as expected. The total amount of GHG reductions from 
lighting measures was 4,475 metric tons under both baselines. HVAC measures generated 637 
and 389 metric tons of GHG reduction for Baseline 1 and Baseline 2, respectively. Solar PV 
installations returned a large portion of GHG reductions, with 399 metric tons under both 
baselines.  
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Program Role and Influence 

The ECAA-ARRA Loan Program sought to provide low-interest loans to cities, counties, special 
districts, public schools and colleges, to implement energy efficiency and renewable energy 
projects. Evaluators developed a participant survey instrument, which is located in Appendix 
C, to address research questions that could not be answered by other evaluation channels. DNV 
KEMA interviewed decision makers at each of the 17 sampled project sites.  

 

Evaluators asked respondents questions about the role and influence of the ECAA-ARRA Loan 
Program on implementation decisions of their projects and decisions related to the scope and 
timing of the projects. As shown in Figure 4, the majority of respondents (88 percent) indicated 
that funding was essential to move the project forward. Two respondents (12 percent) reported 
that funding was helpful but the project might have proceeded without it.  

 

Figure 4: Role of ECAA-ARRA Funding 

 
Source: DNV KEMA analysis 
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Evaluators also asked respondents to rate the influence of the program on the project’s 
implementation. As shown in Figure 5, the majority of respondents (71 percent) reported that 
the ECAA-ARRA Loan Program was “Very Influential” to project implementation. One 
respondent (6 percent) reported that the program was “Not at all Influential.”  

 

Figure 5: Influence of ECAA-ARRA Funding on Project Implementation 

 
Source: DNV KEMA analysis 
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Evaluators asked respondents how a project would have been implemented without the 
program (Figure 6). As shown, 24 percent reported that the project would not have proceeded 
at all; about two-thirds (65 percent) reported that projects would have been delayed until 
researchers identified another funding source or existing equipment failed. One respondent (6 
percent) reported that the project proceeded but with less efficient equipment. Lastly, the 
respondent who reported that his or her project would have been implemented exactly the 
same and at the same time also rated the program as “Not at all Influential” (Figure 6). 

 

Figure 6: Project Implementation in Absence of ECAA-ARRA Loan Program 

 
Source: DNV KEMA analysis 
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Role and Influence of Co-Funding 
Evaluators also asked respondents to indicate if they received funding from sources other than 
the ECAA–ARRA Program. As shown in Figure 7, most respondents (88 percent) indicated that 
they had, and of those 67 percent indicated they received co-funding from EECBG and 59 
percent reported receiving funding from utility programs as shown in Figure 8. Other sources 
of co-funding included other ARRA and non-ARRA federal funding and other state funding 
such as local jurisdiction funds.  

 

Figure 7: Percentage of ECAA-ARRA Projects with Funding From Other Sources 

 
Source: DNV KEMA analysis 

 

Figure 8: Co-Funding Sources Among Projects Receiving Co-Funding 

 
  Source: DNV KEMA analysis 
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Respondents whose projects received co-funding were asked the same set of questions about 
the role and influence of these co-funding sources on project implementation, scope, and 
timing. Figure 9 shows the results for respondents who received co-funding from EECBG. As 
shown, 80 percent who received EECBG funding claimed it was essential to move their projects 
forward. Two respondents (20 percent) reported that the EECBG co-funding was helpful but 
that the project may have moved forward without it.  

 

Figure 9: Role of EECBG Co-Funding on Project Implementation 

 
Source: DNV KEMA analysis 
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Figure 10 shows results for respondents who received utility co-funding. Of seven respondents, 
slightly more than half considered utility funding as essential, and the remaining respondents 
considered it as helpful.  

 

Figure 10: Role of Utility Co-Funding on Project Implementation 

 
Source: DNV KEMA analysis 

 

There were five respondents who received co-funding from other federal sources—three 
received funding from non-ARRA program sources (for example, Special Services District 
Reserve Funds, Infrastructure and Economic Development Bank funds), and two received 
funding from other ARRA Program sources. All respondents reported that these other funding 
sources were essential to moving their projects forward.  

Finally, two respondents received co-funding from other state sources: one respondent stated 
that state funding was essential to moving his or her project forward; the other reported that 
state funding was helpful but that the project may have moved forward without it. 
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Respondents receiving funding from other sources were also asked to rate the influence of these 
“other” funds on the implementation of their projects. Results are shown in Figures 11 through 
14.  

 

Figure 11: Influence of Utility Co-Funding on Project Implementation 

 
 Source: DNV KEMA analysis 
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Figure 12: Influence of Other ARRA Program Co-Funding on Project Implementation 

 
 Source: DNV KEMA analysis 

 

Figure 13: Influence of Other Non-ARRA, Federal Program Co-Funding on Project Implementation 

 
Source: DNV KEMA analysis 
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Figure 14: Influence of State Co-Funding on Project Implementation 

 
Source: DNV KEMA analysis 

 

0%

0%

0%

100%

0%

0% 20% 40% 60% 80% 100%

Not at all 
influential   1

2

3

4

Very 
influential   5

n=2



65 

Respondents were also asked about the influence of co-funding on project scope and timing 
decisions, as shown in Figure 15 through Figure 18. Taken together, these results suggest that 
federal funding sources (for example, ECAA-ARRA, EECBG, other ARRA programs, and non-
ARRA programs) were more influential than funding from either utility programs or other state 
sources. 

 

Figure 15: Project Implementation in the Absence of Utility Co-Funding 

 
  Source: DNV KEMA analysis 

 

Figure 16: Project Implementation in the Absence of Other ARRA Program Co-Funding 

 
  Source: DNV KEMA analysis 
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Figure 17: Project Implementation in the Absence of Other Non-ARRA, Federal Program  

Co-Funding 

 
Source: DNV KEMA analysis 

 

Figure 18: Project Implementation in the Absence of State Co-Funding 

 
Source: DNV KEMA analysis 
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Decision-Making Factors That Influenced Project Implementation 
Respondents were asked to discuss other factors that might have influenced implementation of 
their projects. This section discusses results related to three areas:  

• Reasons for project implementation (for example, reducing energy costs, complying 
with codes, and so on) 

• Project origination (for example, how were specific projects identified) 

• Consideration of other factors (for example, life-cycle savings, payback criteria, and so 
on)  

 
Reasons for Project Implementation 
Figure 19 displays respondents’ reasons for project implementation. The most common reasons 
include reducing energy costs and energy use, followed by replacing old or outdated 
equipment, and getting funding from the program. Reasons included in the “other” category 
are more varied and project-specific (for example, meet client volumetric flowrate demands, 
needed additional tankage on pump discharge, and so on).  

 

Figure 19: Reasons Given for Project Implementation 

 
Source: DNV KEMA analysis 
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Project Origination 
Respondents were also asked to discuss the origin of their projects (for example, how the project 
was launched or who was responsible for identifying or developing the project). Most projects 
were proposed internally or were proposed by external vendors or consultants, as shown in 
Figure 20. External sources were varied and included the Association of Monterey Bay Area 
Governments, a regional joint powers authority. Respondents stated that funding information 
also came from external consulting firms, which often recommended it or passed it through to 
city managers or other government entities before eventually reaching recipient sites.  

The “other” response came from a respondent who designed a PV system as part of a remodel 
years earlier but was approved to receive funding by the Energy Commission only when the 
ECAA-ARRA loan became available.  

 

Figure 20: Project Origination 

 
Source: DNV KEMA analysis 

  



69 

Other Financial Considerations 
Respondents were asked questions to determine key financial factors that contributed to final 
adoption decisions for their projects, such as organizationally mandated criteria or tools to 
factor routine equipment upgrades or rate of return on investments. Most respondents listed a 
criterion of a simple 5-year payback period, although several respondents stated longer payback 
periods from 10 to 15 years. Some said they had no energy upgrade criteria because equipment 
replacements occurred only when equipment had already failed or was on the verge of failure 
or funding became available. Return-on-investment, cost–benefit, projection generation, and 
life-cycle cost analyses were typical financial calculations performed before proceeding with 
projects. 

The ECAA-ARRA Loan Program had a maximum 13-year payback period program 
requirement, much longer than the typical payback periods lasting 6 to 10 years for government 
agencies. This longer period ensured that government agencies that applied for loans would be 
able to comply easily with requirements. Respondents that had cited payback period as an 
energy upgrade criterion were asked to rank the difficulty in meeting the ECAA-ARRA’s 13-
year payback period requirement. As expected, most participants did not find meeting the 
payback requirement difficult at all (Figure 21). 

 

Figure 21: Difficulty in Meeting the Payback Period Requirement 

 
Source: DNV KEMA analysis 
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Respondents were asked how often their organization considered the entire life-cycle cost of the 
equipment, including energy and maintenance costs, when purchasing equipment. More than 
half of participants indicated that life-cycle costs (including energy and maintenance costs) were 
“always” considered when purchasing new equipment, as shown in Figure 22.  

 

Figure 22: Equipment Life-Cycle Cost Consideration  

 
Source: DNV KEMA analysis 
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Evidence of Participant Spillover 
Evaluators asked respondents if their participation in the ECAA-ARRA Loan Program directly 
influenced additional measure implementations at their facilities. There was some evidence of 
spillover in the sample, as shown in Figure 23. Five of 17 respondents (29 percent) reported 
implementing additional energy efficiency measures outside the program with funding from 
other sources.  

 

Figure 23: Additional Energy Efficiency Measures Installed 

 
Source: DNV KEMA analysis 

 

Respondents stated that because of the ECAA-ARRA Loan Program, they adopted additional 
energy efficiency measures, including installing LED streetlighting, converting pedestrian 
lighting to induction, tinting building windows, revising air conditioning schedules, and 
installing energy efficient light bulbs. Their ECAA-ARRA projects also prompted them to 
consider other upgrades, such as solar installations. 
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Participant Satisfaction and Suggestions for Improvement 

Evaluators asked participants to discuss their overall satisfaction with the ECAA-ARRA Loan 
Program and with certain aspects of the program and its requirements. On a scale of 1 to 5, 
where 1 is “Very Dissatisfied” and 5 is “Very Satisfied,” respondents ranked their satisfaction 
levels with the equipment installed, loan amounts received, and loan structure and 
amortization schedule. The figure below shows the distribution of responses for satisfaction 
with equipment installed. The overwhelming majority (82 percent) indicated that they were 
“very satisfied” with the equipment installed. 

 

Figure 24: Satisfaction with Equipment Installed 

 

Source: DNV KEMA analysis 
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Respondents were also asked to rate their satisfaction with the loan amount and loan structure. 
As shown in Figure 25, respondents were also very satisfied with the loan amounts received.  
 

Figure 25: Satisfaction with Loan Amount Received 

 

Source: DNV KEMA analysis 

Respondents also rated their satisfaction with the loan structure and amortization schedule 
highly, as shown in Figure 26. The recipient least satisfied with his or her loan amount ranked 
this factor at 3 out of 5, and noted that loan funding should have been reduced in favor of 
increasing grant funding available. 
 

Figure 26: Satisfaction with Loan Structure and Amortization Schedule 

 
    Source: DNV KEMA analysis 

0% 

0% 

6% 

6% 

88% 

0% 20% 40% 60% 80% 100% 

Very Dissatisfied  1 

2 

3 

4 

Very Satisfied  5 

n=16 

0% 

0% 

0% 

31% 

69% 

0% 20% 40% 60% 80% 100% 

Very Dissatisfied  1 

2 

3 

4 

Very Satisfied  5 

n=16 



74 

 

Evaluators also asked respondents to rank their difficulty level to comply with application, 
reporting, and waste management requirements and with the National Historic Preservation 
Act, Buy American provision (of ARRA funding), and Davis-Bacon Act. Several respondents 
did not respond to this question because either they were not familiar with these requirements 
or their projects were exempt (for example, National Historic Preservation Act). The figure 
below shows respondents’ difficulty with complying with loan application requirements. One 
respondent who was dissatisfied with loan application requirements noted that it was more 
difficult to get a small ECAA-ARRA loan than to get an Infrastructure and Economic 
Development Bank loan that was about eight times larger.  

 

Figure 27: Difficulty of Complying with Loan Application Requirements 

 

Source: DNV KEMA analysis 
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Figure 28 below shows respondents’ difficulty with complying with the Davis-Bacon Act. 
Evaluators asked respondents who ranked their compliance difficulty level as 1 or 2 to elaborate 
on their experiences. For the Davis-Bacon Act, some reported that they found it particularly 
difficult to supply the Energy Commission data in a format that was understood and that the 
Energy Commission often had issues with the loan recipients. One respondent also noted that 
the Davis-Bacon Act does not categorize labor rates in the same way as the state of California, 
which made administration more difficult. 

Figure 28: Difficulty of Complying with Davis-Bacon Act 

 
Source: DNV KEMA analysis 
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Figure 29 below shows respondents’ difficulty with complying with the Buy American 
provision (of ARRA funding). Most respondents (60 percent) reported that it was “not difficult 
at all” to comply. Several respondents rated it lower, at 2 or 3 out of 5.  

 

Figure 29: Difficulty of Complying with Buy American Provision (of ARRA Funding) 

 
Source: DNV KEMA analysis 

 

Figure 30 shows respondents’ difficulty with complying with the National Historic Preservation 
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Figure 30: Difficulty of Complying with National Historic Preservation Act 

 
 Source: DNV KEMA analysis 

 

Figure 31 shows the difficulty of complying with federal ARRA waste management 
requirements. More than half of respondents (57 percent) found it “not difficult at all.” No 
respondents rated it “very difficult.” 
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Figure 31: Difficulty of Complying with Waste Management Requirements 

 
 Source: DNV KEMA analysis 
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As shown in Figure 32, respondents found reporting requirements to be fairly difficult. When 
asked, some respondents indicated that reporting requirements, in particular the paperwork, 
were burdensome and difficult to complete without help from the Energy Commission project 
managers.  

 
Figure 32: Difficulty of Reporting Requirements 

 
  Source: DNV KEMA analysis 
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Respondents were also asked to rank, on a scale of 1 to 5, their satisfaction with technical 
assistance received from the Energy Commission, communications with its staff members, and 
its overall project management. As shown in Figure 33, respondents were generally very 
satisfied with the Energy Commission’s project management of the loan.  

 

Figure 33: Satisfaction with Energy Commission's Project Management of the Loan 

 
       Source: DNV KEMA analysis 
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Figure 34 shows respondents’ satisfaction with communications with the Energy Commission’s 
staff. The majority of respondents rated it highly, at 4 or 5, where 5 is “very satisfied.” 

 

Figure 34: Satisfaction with Communications with Energy Commission's Staff 

 
           Source: DNV KEMA analysis 
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Figure 35 below shows respondents’ satisfaction with the technical assistance received from the 
Energy Commission to identify projects. Most respondents interviewed did not receive the 
Energy Commission’s technical assistance and did not answer the question. Half of the 
respondents who received technical assistance said they were “very satisfied.” Participants 
indicated they received also technical assistance from sources other than the Energy 
Commission. This included the Association of Monterey Bay Area Governments, who in 
partnership with an IOU, provided energy audits, technical and financial assistance, and 
training through their Energy Watch Program.  

 

Figure 35: Satisfaction with Technical Assistance from Energy Commission 

 
Source: DNV KEMA analysis 
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now that the program runs so smoothly, that the Energy Commission should be better 
equipped to advise people on issues and upcoming “bumps in the road.” 

Anecdotal Evidence of Job Creation 

Evaluators asked respondents to quantify job creation resulting from the ECAA-ARRA Loan 
Program. Though not a rigorous, official job creation analysis, this analysis offers some insight 
into the temporary and lasting effects of the program. Table 31 shows the percentage of 
respondents who reported the program as causing jobs either to be created or retained. One 
respondent who claimed job retention within his or her operation was unsure of the number of 
jobs retained.  

 

Table 31: Program Caused Jobs Retained or Created 

Response Jobs 
Retained 

Jobs 
Created 

Yes 6% 0% 

No 82% 100% 

Don’t Know 
/Refused to State 

12% 0% 

Total Respondents n=17 

Source: DNV KEMA analysis 
 

Respondents were asked similar questions about jobs created external to their operations, as 
shown in Table 32. Respondents reported witnessing more hiring outside their operations, 
primarily by contractors, than within their organizations.  

 

Table 32: Jobs Retained or Created External to the Operation 

Response Jobs 
Retained 

Jobs 
Created 

Yes 41% 6% 

No 6% 35% 

Don’t Know 
/Refused to State 

53% 59% 

Total Respondents n=17 

Source: DNV KEMA analysis 

 

In total, roughly 43 jobs were created or retained as a result of the program, both within and 
outside their organizations. These jobs came primarily from retaining staff members whose jobs 
would have been eliminated, short-term contract hires, and contractor jobs. Some of the 



84 

temporarily retained job types included roofers, laborers, and electricians. One respondent 
reported permanent job retention occurring outside its operations for positions such as solar 
installers and archeologist as a result of to the program. 

 

Figure 36: Types of Jobs Created/Retained 

 
Source: DNV KEMA analysis 
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not being an organization’s hiring authority or being job creation experts. However, they 
provided qualitative insights into job creation, which resulted from the ECAA-ARRA Loan 
Program. One respondent reported that ECAA-ARRA funding prevented 10 layoffs, and 
another respondent said that funding secured one position for five to six years at its facility. 
Many respondents indicated that contract hires staffed the project during implementation, but 
the respondents were unaware if these became permanent positions.  
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CHAPTER 5: 
Summary and Recommendations 
The overall goal of the evaluation was to assess the effectiveness of ECAA-ARRA Loan Program 
implementation and verify the energy savings realized from loans issued during 2009-2010. In 
general, the results from the evaluation demonstrate that California was well-prepared to use 
ARRA funding effectively for this ongoing energy efficiency program. Additional funding 
allowed more jurisdictions to receive loans, many of which had never participated in the 
program before.  

The types of projects completed were appropriate for ARRA funding. Many projects were easily 
implementable “shovel-ready” projects that yielded excellent results and showed wise use of 
public funds. 

For example, streetlighting projects required relatively little effort to implement and allowed 
less-sophisticated and/or small-staffed local jurisdictions to participate in the program. 
California’s climate is also appropriate to transition old equipment to cost-effective, efficient 
LED or induction streetlights. Another emphasis area was interior lighting. Large college 
campuses, such as Butte College, implemented lighting retrofits in multiple buildings.  

HVAC infrastructure replacement or repairs/retrofits yielded significant savings, though HVAC 
projects had greater variability in the savings achieved. During site visits, evaluators found 
effective replacements of old or improperly operating equipment or controls with more efficient 
equipment and operations. There were several sites where the age of the preretrofit HVAC 
equipment was apparently past its EUL (as defined by DEER), suggesting that the need for 
energy efficiency upgrades is greater than may be typical for commercial sites. The most 
significant was the city of Hollister equipment, estimated at 30 years old. Not all facilities were 
able to provide detailed information of the age of the equipment. Specific projects met local 
needs, such as upgrades for water and wastewater treatment, and were funded to improve their 
efficiency.  

The following sections summarize the results from the evaluation effort and present 
recommendations for improvements to the ECAA Program moving forward. 

 

Energy Impact Results 

The following summarizes the overall energy impact results: 

• The program was expected to achieve annual energy savings of about 16.7 GWh and 
nearly 68,000 therms and produce 1.1 GWh in electric generation. Realization rates were 
determined through the evaluation to be well above 90 percent, with the exception of the 
realization rate for natural gas savings.  
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• The overall realization rate for natural gas measures when compared to the existing 
equipment (Baseline 1) was about 63 percent. This was driven largely by two custom 
measures with the largest expected savings that did not yield as much savings as 
predicted. These measures included a VFD project at a water treatment facility and a 
power management computer project. Combined, these two projects equaled three-
quarters of the total expected savings within the “other” category, which reduced the 
overall realization rate. 

• Net savings attributable to the program were nearly 100 percent of gross savings given 
that, according to participant self-reports, there was only one project that did not require 
ECAA-ARRA funding to move forward. The savings from this project represented a tiny 
fraction (less than 1 percent) of the overall savings expected from the 17 projects 
included in the evaluation sample. The net-to-gross ratio for the overall program was 
determined to be 99.8 percent.  

• Life-cycle impacts from the 31 energy efficiency projects should amount to more than 
250 GWh in net electricity savings over the life of the measures installed and between 
700,000 and 1,100,000 therms, depending on the baseline considered. The two renewable 
energy projects should produce more than 31 GWh in electricity generation over the life 
of the solar PV systems installed. 

• Reductions in greenhouse gas emissions attributable to the 33 projects implemented 
with ECAA-ARRA funding were estimated at more than 5,000 metric tons of avoided 
CO2 emissions.  

 

These results are shown in Table 33.  

 

Table 33: Summary of ECAA-ARRA Loan Program Energy Impact Results 

Ex Ante Energy Impacts 
Ex Ante Annual Electric Savings (kWh) 16,673,959 
Ex Ante Annual Natural Gas/Other Fuel Savings 
(therms) 67,655 

Ex Ante Annual Electric Generation (kWh) 1,107,450 
Evaluation Results Baseline 1 Baseline 2 

Gross Energy Impacts 
Gross Annual Electric Savings (kWh) 16,209,244 15,541,786 
Realization Rate 97% 93% 
Gross Annual Natural Gas/Other Fuel Savings 
(therms) 42,392 63,532 

Realization Rate 63% 94% 
Gross Annual Electric Generation (kWh) 1,062,616 1,062,616 
Realization Rate 96% 96% 
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Net Energy Impacts 
Net-to-Gross Ratio 99.8% 99.8% 
Net Annual Electric Savings (kWh) 16,176,826 15,510,703 
Net Annual Natural Gas/Other Fuel Savings 
(therms) 42,307 63,404 

Net Annual Electric Generation (kWh) 1,060,491 1,060,491 
Net Life-Cycle Energy Impacts 
Electric Savings (kWh) 250,215,264 238,452,374 
Natural Gas/Other Fuel Savings (therms) 746,914 1,124,318 
Electric Generation (kWh) 31,814,723 31,814,723 
Greenhouse Gas Reductions 
Annual (metric tons of CO2) 5,725 5,471 
Life-cycle (metric tons of CO2) 93,271 92,303 

Source: DNV KEMA analysis 

 

Differences in Ex Ante and Ex Post Energy Savings Results 

Though overall realization rates were high at the program level, there was high variability for 
specific projects. Several consistent themes emerged as reasons for differences between ex ante 
and ex post savings results:  

• Different analysis or calculation method used. This reason was the most common site 
engineers noted for differences between ex ante and ex post savings. For many sites, the 
ex ante savings calculation used overly simplified analysis methods that did not 
accurately reflect consumption, particularly for HVAC measures.  

• Different operational hours used in the ex ante analysis. Many inconsistencies within 
lighting measures can be explained by differing usage hours between those used in the 
ex post and those reported in the ex ante calculations. Evaluators applied consistent 
assumptions across similar measures (for example, photocell operation) and/or or relied 
on on-site metering to determine appropriate hours-of-use estimates.  

• Customer reported different parameters. The evaluation team’s on-site verifications 
occasionally found inconsistencies in the number of affected measures (for example, 
installed, controlled, and so forth), as well as the installed equipment capacity and/or 
efficiency.  

• Errors in ex ante calculations. A few cases had simple errors in the ex ante calculations.  

• Insufficient ex ante documentation. The evaluation team could not explain ex ante and 
ex post savings differences in some cases, due to insufficient ex ante documentation.  
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Program Role and Influence 

The ECAA-ARRA Program sought to provide low-interest loans to cities, counties, special 
districts, public schools and colleges, to implement energy efficiency and renewable energy 
projects. Evaluators asked respondents a number of questions about the role and influence of 
the ECAA-ARRA loan Program on implementation decisions for their projects and decisions 
related to the scope and timing of the projects. Relevant survey results are summarized below: 

• Role of Funding on Project Implementation. The majority of respondents (88 percent) 
indicated that the funding provided through the program was essential to move projects 
forward.  

• Influence of Program on Project Implementation. Nearly three-quarters (71 percent) of 
respondents reported that the program was “very influential” in their decision to 
implement projects.  

• Scope and Timing of Projects without the Program. Two-thirds of the respondents 
reported that projects would have been delayed until funding sources were identified or 
until the existing equipment failed, and 24 percent indicated that their projects would 
not have proceeded at all had it not been for the program. 

• Role and Influence of Project Co-Funding. Results from interview questions regarding 
the role and influence of co-funding sources indicate that, while co-funding was 
influential in moving many projects forward, it was not as essential as the financial 
assistance provided through ECAA-ARRA. For example, most respondents (88 percent) 
reported that their projects received funding from sources other than ECAA-ARRA. 
These other funding sources included EECBG (67 percent), utility programs (59 percent), 
and, to a lesser extent, other federal, ARRA and state sources (25 percent, 17 percent, 
and 17 percent, respectively). In addition, when compared to similar responses 
regarding ECAA-ARRA funding, fewer respondents (who received co-funding) 
indicated that it was essential to projects moving forward, fewer reported that it was 
“very influential” in their decision to implement projects, and fewer reported that 
project scope and timing would have been affected if it was not available. 

 

Decision-Making Factors Influencing Project Implementation 

Other factors influencing project implementation were also discussed during interviews with 
participants: 

• Reasons for Project Implementation. The most common reasons respondents indicated 
for undertaking projects included reducing energy costs and energy use, replacing old 
or outdated equipment, and getting program funding. Other reasons were project-
specific, for example, to meet client volumetric flow-rate demands, to install additional 
tankage on pump discharge, and so forth.  
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• Project Origination. ECAA-ARRA projects were typically proposed internally or by 
external vendors, consultants, or other parties. Respondents stated that funding 
information also came from external consulting firms, which often recommended it or 
passed it through to city managers or other government entities before eventually 
reaching recipient sites. 

• Decision-Making Factors Considered in Project Implementation. Respondents were 
asked a set of questions designed to understand factors that went into project 
implementation decision-making.  

o Types of Financial Decision-Making Calculations. Most respondents indicated that 
typical financial calculations conducted before proceeding with a project include 
return-on-investment, cost–benefit, projection generation, and life-cycle cost 
analyses. 

o Payback Period Thresholds. Most respondents reported a simple five-year payback 
period as investment criteria, though some respondents listed longer payback 
periods from 10 to 15 years. As expected, most participants did not find meeting the 
13-year ECAA-ARRA loan payback requirement difficult.  

o Consideration of Life-Cycle Costs. More than half of participants indicated that life-
cycle costs (including energy and maintenance costs) were always considered when 
purchasing new equipment. Only about one-third of respondents indicated that life-
cycle costs (including energy costs and maintenance costs) are “always” considered 
when purchasing new equipment.  

 

Participant Satisfaction, Impressions, and Suggestions for 
Improvement  

Respondents were generally very happy with the program; they thought that it worked very 
well for a government program and found the Energy Commission’s staff to be extremely 
helpful. They suggested streamlining the paperwork during the application process and 
providing a flowchart to illustrate in which stage the applicant was. There were also a few 
aspects of the program that respondents found misleading and confusing. One respondent 
commented that there seemed to be more requirements after the loan was approved and 
commented that both federal and Energy Commission requirements were onerous. Another 
respondent suggested, now that the program runs so smoothly, that the Energy Commission 
should be better equipped to advise people on issues and upcoming “bumps in the road.” 

Generally, respondents did not have difficulty complying with various program requirements, 
such as waste management requirements, the National Historic Preservation Act, and the Buy 
American provision (of ARRA funding). However, they found compliance with the Davis-
Bacon Act difficult, especially the transfer of data and contractors approval requirements. 
Overall, respondents were very satisfied with the equipment installed, loan amounts received, 
and loan structure and amortization schedule. One respondent reported that loans should have 
been reduced in favor of making more or higher grant amounts available. 
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Job Creation and Workforce Development 

Most respondents reported not retaining jobs or making additional hires within their 
operations, although they noted job retention and additional hiring as occurring outside their 
operations, primarily through short-term contract hires and contractor jobs. Temporary jobs 
types included solar installers, roofers, laborers, and electricians and totaled 43 jobs across the 
17 respondents. Many respondents indicated that they used contract hires during a project’s 
implementation but were unaware if these turned into permanent positions.  

 

Recommendations 

Overall, the evaluation confirmed that California should continue to fund this effective, 30-year 
program, which has achieved verified energy savings and GHG reductions for local 
jurisdictions. The existing ECAA Program provided an effective foundation for the current 
ECAA-ARRA Loan Program to ensure wise use of ARRA funding. The evaluation team 
produced a set of recommendations for improving the program going forward, broken out into 
several overarching categories.  

Overall recommendations: 

• The most obvious recommendation is that California should continue to fund the 
existing ECAA Program. This effective program should continue to expand and to reach 
out to local jurisdictions that have not participated in the program in the past. The 
program should continue to provide technical support to jurisdictions with few 
resources and limited experience in energy efficiency programs.  

• The program should continue encouraging facilities to replace aging energy equipment 
by using the savings to pay for the new equipment. In several cases, the equipment 
replaced was very inefficient and yet had continued operating beyond its expected 
useful life. The loan program provides a mechanism to remove these “energy hogs” and 
reduce operating costs.  

• The program should continue to encourage replacement of streetlights and traffic lights 
with highly efficient equipment. 

 

Program implementation recommendations: 

• Create a consistent set of requirements for feasibility studies and justification of why the 
measure or total project saves energy. In particular, require that the feasibility studies 
and supporting data provide a high level of transparency with a sufficiently detailed 
breakdown of how the savings estimates were generated. In general, all workbooks, 
models, and calculation tools used to generate the savings estimates included in 
feasibility studies should be provided in their unlocked and final forms with values that 
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can be directly traced to the numbers in the studies/reports themselves. Feasibility 
studies should also clearly identify critical assumptions made in developing the savings 
assumptions that they contain. Information like planned efficiency, operating hours, 
load factors, and controls should be described for both the baseline situation and the 
planned measure. 

• Develop standards for defining the baseline. For example, the Energy Commission could 
require photographs of the equipment and its nameplates, and a short statement about 
the equipment age and operation, including enough information about maintenance 
history to identify how well it is operating, operating hours, and typical loads.  

• Build on the experience of the ARRA application process. Continue to provide assistance 
in completing the application as well as information about how to avoid problems that 
occurred in the past. Minimize paperwork associated with ARRA requirements.  

• Consider developing a flowchart to illustrate which stage the applicant is in. 

• Consider alternate approval methods instead of payback period. The loan recipient 
could demonstrate that sufficient savings accrue over the measure lifetime compared to 
taking no action, for example. 

• Consider options to improve oversight of contractors who install energy efficiency 
measures.  

 

Program tracking and documentation: 

• The database developed for the evaluation tracks: measures planned, measures 
implemented, project costs, and expected energy savings. In the future, develop a 
database or build on the one developed for the evaluation, that can be mined for 
information about measures, costs and savings. This database will allow statistical and 
program analysis and serve as a basis for ongoing planning. 

• Methods should be required to collect sufficient detail to support program goals, such as 
measuring cost-effectiveness or jobs analysis. For example, invoices could be required to 
provide labor and equipment breakdowns, as well as planning or administrative costs. 

• Tracking documentation procedures should allow for changes in project scope to be 
reflected in the final savings calculation. 

• For measures with fairly reliable or predictable energy savings expectations, the 
program should build on the tools and structure developed through this evaluation to 
verify and track project-level savings going forward. Additional research and/or 
guidelines may be needed if measures with less predictable savings are considered to be 
cost-effective in future programs. 

• Consider during the program design phase what specific analytics should potentially be 
collected, and design the tracking system to collect that. For example, if the program 
wants to track lighting measures, data regarding the number of lights replaced could be 
collected rather than aggregated savings attributed to a lighting retrofit. 
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Measure specific recommendations: 

• For HVAC measures, the program can specify minimum efficiency levels above code. 
Given that HVAC equipment may be left in place for many years, using the loan fund to 
achieve higher efficiency pays off in the outgoing years, including after the loan is paid 
off.  

• For DHW measures, make sure that loads are well-defined and sufficient to support the 
savings estimates.  

• Consider implementing a deemed approach for measures that are highly reliable, such 
as outdoor lighting, streetlights and traffic lights. This approach could streamline the 
program. 

• Streetlight projects provided savings for many communities. Given the high savings and 
relative ease of implementation, the program should continue to include this measure. 
The Energy Commission should conduct additional research on the remaining potential 
for streetlight upgrades in California to help in targeting this effort. 

• Computer power management measures, which require a central server and fewer 
individual computers, resulted in significant savings. The Energy Commission could 
develop standard approaches for these measures to encourage their implementation.  

• Prepare spreadsheet-based calculation tools to help local jurisdiction designing lighting 
retrofits that must meet Title 24 lighting power density requirements. Most likely, Title 
24 will be updated to require more retrofits meet the standard in the near future. 

 

Evaluation recommendations: 

• Periodic evaluation of the ECAA Program is recommended to foster continual 
improvement. 

• For large HVAC projects, plan the evaluation timing to gather site-specific information 
for both the preinstallation period and the postinstallation period.  

• Plan the timing for the postinstallation evaluation such that most projects are completed 
and commissioned before the beginning of the field phase of the evaluation. 

 

In conclusion, the existing ECAA Program, developed in 1979 years ago by the Energy 
Commission, provided an effective foundation for ensuring prudent use of ARRA funding. 
Lessons learned from the 2009 through 2012 program implementation period can strengthen the 
program in the future.  
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CHAPTER 6: 
Glossary 

ARRA American Recovery and Reinvestment Act of 2009 
Baseline 1 Considers the existing conditions found before energy efficiency 

measure implementation and takes into account the equipment’s 
operating efficiency along with the control strategies found at that 
time. Life-cycle savings for Baseline 1 assumes the pre-existing 
equipment would have continued to operate indefinitely, up to the 
effective useful life (EUL) of the new equipment. 

Baseline 2 Uses the pre-existing equipment as the measure’s baseline until the 
end of the existing equipment’s remaining useful life (RUL). After the 
remaining useful-life period, and up until the end of the EUL of the 
installed measure, the measure’s expected replacement baseline is 
used. This baseline considers either minimally code-compliant 
conditions or standard practice when no code is applicable. 

CO2 carbon dioxide 
CV constant volume 
DEER Database for Energy Efficient Resources 
DHW domestic hot water 
DOE U.S. Department of Energy 
ECAA Energy Conservation Assistance Act 
EECBG Energy Efficiency and Conservation Block Grant 
EEFP Energy Efficiency Financing Program 
EEM energy efficiency measures 
EM&V evaluation, measurement, and verification 
EMS energy management system 
Energy Commission California Energy Commission 
EUL effective useful life 
Ex ante estimated or claimed savings from an energy efficiency project 
Ex post verified savings from an energy efficiency project as determined by 

the evaluation team 
GHG greenhouse gas 
Gross Savings total savings of a given measure, project, or program, does not take 

into account the effects of free riders 
GWh gigawatt-hour 
HVAC heating, ventilation, and air conditioning 
IPMVP  International Performance Measurement and Verification Protocol 
kBtu kilo British thermal unit 
kW kilowatt 
kWh kilowatt-hour 
LED light-emitting diode 
Life-cycle savings savings accrued for the effective useful life of the measure, equal to 

the EUL multiplied by the annual savings 
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M&V measurement and verification 
MWh megawatt-hour 
Measure At an end use energy consumer facility, an installed piece of 

equipment or system; a strategy intended to affect consumer energy 
use behaviors; or modification of equipment, systems, or operations 
that reduces the amount of energy that would otherwise have been 
used to deliver an equivalent or improved level of end use service.9 

Net Savings the total savings attributed to the program, does not include savings 
for measures that would have been installed without the program 

PV photovoltaic 
Project an activity or course of action involving one or multiple energy 

efficiency measures, at a single facility or site 
Realization Rate a comparison of evaluated information to original estimated savings 
Retrocommissioning A systematic process to examine existing building systems to find and 

implement ways to improve energy performance in buildings 
 

RUL remaining useful life 
SCADA supervisory control and data acquisition 
SEER Seasonal Energy Efficiency Ratio 
TMY typical meteorological year 
VAV variable air volume 
VFD variable-frequency drive 

                                                      

9  Definition for measure and project from the Energy Efficiency Program Impact Evaluation Guide, 
December 2012, published by the State & Local Energy Efficiency Action Network. 
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APPENDICES 
Appendices are provided in a separate file. 
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