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Executive Summary 

This paper, Understanding Cost-Effectiveness of Energy Efficiency Programs, reviews 
the issues and approaches involved in considering and adopting cost-effectiveness tests 
for energy efficiency, including discussing each perspective represented by the five 
standard cost-effectiveness tests and clarifying key terms. This paper is provided to 
assist organizations in meeting the 10 implementation goals of the National Action Plan 
for Energy Efficiency’s Vision to achieve all cost-effective energy efficiency by 2025. 

Improving energy efficiency in our homes, businesses, schools, governments, and industries—
which consume more than 70 percent of the natural gas and electricity used in the country—is 
one of the most constructive, cost-effective ways to address the challenges of high energy 
prices, energy security and independence, air pollution, and global climate change. Despite 
these benefits and the success of energy efficiency programs in some regions of the country, 
energy efficiency remains critically underutilized in the nation’s energy portfolio. It is time to take 
advantage of more than two decades of experience with successful energy efficiency programs, 
broaden and expand these efforts, and capture the savings that energy efficiency offers. 
Understanding energy efficiency cost-effectiveness tests and the various stakeholder 
perspectives each test represents is key to establishing the policy framework to capture these 
benefits. 

This paper has been developed to help parties pursue the key policy recommendations and 
implementation goals of the National Action Plan for Energy Efficiency. The Action Plan was 
released in July 2006 as a call to action to bring diverse stakeholders together at the national, 
regional, state, or utility level, as appropriate, and foster the discussions, decision-making, and 
commitments necessary to take investment in energy efficiency to a new level. This paper 
directly supports the National Action Plan’s Vision for 2025 implementation goal three, which 
encourages state agencies along with key stakeholders to establish cost-effectiveness tests for 
energy efficiency. This goal highlights the policy step to establish a process to examine how to 
define cost-effective energy efficiency practices that capture the long-term resource value of 
energy efficiency. 

Evaluating the cost-effectiveness of energy efficiency is essential to identifying how much of our 
country’s potential for energy efficiency resources will be captured. Based on studies, energy 
efficiency resources may be able to meet 50 percent or more of the expected load growth by 
2025 (National Action Plan for Energy Efficiency, 2008). Defining cost-effectiveness helps 
energy efficiency compete with the broad range of other resource options in order for energy 
efficiency to get the attention and funding necessary to succeed. 

In its simplest form, energy efficiency cost-effectiveness is measured by comparing the benefits 
of an investment with the costs. Five key cost-effectiveness tests have, with minor updates, 
been used for over 20 years as the principal approaches for energy efficiency program 
evaluation. These five cost-effectiveness tests are the participant cost test (PCT), the 
utility/program administrator cost test (PACT), the ratepayer impact measure test (RIM), the 
total resource cost test (TRC), and the societal cost test (SCT). 

The key points from this paper include: 

• There is no single best test for evaluating the cost-effectiveness of energy efficiency.  
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• Each of the cost-effectiveness tests provides different information about the impacts of 
energy efficiency programs from distinct vantage points in the energy system. Together, 
multiple tests provide a comprehensive approach.  

• Jurisdictions seeking to increase efficiency implementation may choose to emphasize 
the PACT, which compares energy efficiency as a utility investment on a par with other 
resources.  

• The most common primary measurement of energy efficiency cost-effectiveness is the 
TRC, followed closely by the SCT. A positive TRC result indicates that the program will 
produce a net reduction in energy costs in the utility service territory over the lifetime of 
the program. The distributional tests (PCT, PACT, and RIM) are then used to indicate 
how different stakeholders are affected. Historically, reliance on the RIM test has limited 
energy efficiency investment, as it is the most restrictive of the five cost-effectiveness 
tests. 

There are a number of choices in developing the costs and benefits of energy efficiency that can 
significantly affect the cost-effectiveness results. Several major choices available to utilities, 
analysts, and policy-makers are described below.  

• Where in the process to apply the cost-effectiveness tests: The choice of where to 
apply each cost-effectiveness test has a significant impact on the ultimate set of 
measures offered to customers. In general, there are three places to evaluate the cost-
effectiveness test: at the “measure” level, the “program” level, and the “portfolio” level. 
Applying cost-effectiveness tests at the program or portfolio levels allows some non-
cost-effective measures or programs to be offered as long as their shortfall is more than 
offset by cost-effective measures and programs. 

• Which benefits to include: There are two main categories of avoided costs: energy-
related and capacity-related. Energy-related avoided costs refer to market prices of 
energy, fuel costs, natural gas commodity prices, and other variable costs. Capacity-
related avoided costs refer to infrastructure investments such as power plants, 
transmission and distribution lines, and pipelines. From an environmental point of view, 
saving energy reduces air emissions, including greenhouse gases (GHGs). Within each 
of these categories, policy-makers must decide which specific benefits are sufficiently 
known and quantifiable to be included in the cost-effectiveness evaluation.  

• Net present value and discount rates: A significant driver of overall cost-effectiveness 
of energy efficiency is the discount rate assumption used to calculate the net present 
value (NPV) of the annual costs and benefits. Since costs typically occur upfront and 
savings occur over time, the lower the discount rate the more likely the cost-
effectiveness result is to be positive. As each cost-effectiveness test portrays a specific 
stakeholder’s view, each cost-effectiveness test should use the discount rate associated 
with its perspective. For a household, the consumer lending rate is used, since this is the 
debt cost that a private individual would pay to finance an energy efficiency investment. 
For a business firm, the discount rate is the firm’s weighted average cost of capital, 
typically in the 10 to 12 percent range. However, commercial and industrial customers 
often demand payback periods of two years or less, implying a discount rate well in 
excess of 20 percent. The PACT, RIM, and TRC should reflect the utility weighted 
average cost of capital. The social discount rate (typically the lowest rate) should be 
used for the SCT to reflect the benefit to society over the long term. 
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• Net-to-gross ratio (NTG): The NTG can be a significant driver in the results of TRC, 
PACT, RIM, and SCT. The NTG adjusts the impacts of the programs so that they only 
reflect those energy efficiency gains that are the result of the energy efficiency program. 
Therefore, the NTG deducts energy savings that would have been achieved without the 
efficiency program (e.g., “free-riders”) and increases savings for any “spillover” effect 
that occurs as an indirect result of the program. Since the NTG attempts to measure 
what customers would have done in the absence of the energy efficiency program, it can 
be difficult to determine precisely. 

• Non-energy benefits (NEBs): Energy efficiency measures often have additional 
benefits (and costs) beyond energy savings, such as improved comfort, productivity, 
health, convenience and aesthetics. However, these benefits can be difficult to quantify. 
Some jurisdictions choose to include NEBs and costs in some of the cost-effectiveness 
tests, often focusing on specific issues emphasized in state policy. 

• GHG emissions: There is increasing interest in valuing the energy efficiency’s effect on 
reducing GHG emissions in the cost-effectiveness tests. The first step is to determine 
the quantity of avoided carbon dioxide (CO2) emissions from the efficiency program. 
Once the amount of CO2 reductions has been determined, its economic value can be 
calculated and added to the net benefits of the energy efficiency measures used to 
achieve the reductions. Currently, some jurisdictions use an explicit monetary CO2 value 
in cost-benefit calculations and some do not.  

• Renewable portfolio standards (RPS): The interdependence between energy 
efficiency and RPS goals is an emerging issue in energy efficiency. Unlike supply-side 
investments, energy efficiency, by reducing load, can reduce the amount of renewable 
energy that must be procured pursuant to RPS targets. This reduces RPS compliance 
cost, which is a benefit that should be considered in energy efficiency cost-effectiveness 
evaluation. 
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1: Introduction 

Improving the energy efficiency of homes, businesses, schools, governments, and industries—
which consume more than 70 percent of the natural gas and electricity used in the United 
States—is one of the most constructive, cost-effective ways to address the challenges of high 
energy prices, energy security and independence, air pollution, and global climate change. 
Mining this efficiency could help us meet on the order of 50 percent or more of the expected 
growth in U.S. consumption of electricity and natural gas in the coming decades, yielding many 
billions of dollars in saved energy bills and avoiding significant emissions of greenhouse gases 
and other air pollutants.1 

Recognizing this large opportunity, more than 60 leading organizations representing diverse 
stakeholders from across the country joined together to develop the National Action Plan for 
Energy Efficiency. The Action Plan identifies many of the key barriers contributing to 
underinvestment in energy efficiency; outlines five policy recommendations for achieving all 
cost-effective energy efficiency; and offers a wealth of resources and tools for parties to 
advance these recommendations, including a Vision for 2025. As of November 2008, over 120 
organizations have endorsed the Action Plan recommendations and made public commitments 
to implement them in their areas. Establishing cost-effectiveness tests for energy efficiency 
investments is key to making the Action Plan a reality. 

1.1 Background on Cost-effectiveness Tests 

The question of how to define the cost-effectiveness of energy efficiency investments is a critical 
issue to address when advancing energy efficiency as a key resource in meeting future energy 
needs. How cost-effectiveness is defined substantially affects how much of our nation’s 
efficiency potential will be accessed and whether consumers will benefit from the lower energy 
costs and environmental impacts that would result. The decisions on how to define cost-
effectiveness or which tests to use are largely made by state utility commissions and their 
utilities, and with critical input from consumers and other stakeholders. This paper is provided to 
help facilitate these discussions. 

Cost-effectiveness in its simplest form is a measure of whether an investment’s benefits exceed 
its costs. Key differences among the cost-effectiveness tests that are currently used include the 
following: 

• The stakeholder perspective of the test. Is it from the perspective of an energy 
efficiency program participant, the organization offering the energy efficiency program, a 
non-participating ratepayer, or society in general? Each of these perspectives represents 
a valid viewpoint and has a role in assessing energy efficiency programs. 

• The key elements included in the costs and the benefits. Do they reflect avoided 
energy use, incentives for energy efficiency, avoided need for new generation and new 
transmission and distribution, and avoided environmental impacts? 

• The baseline against which the cost and benefits are measured. What costs and 
benefits would have been realized absent investment in energy efficiency? 
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1-4 Understanding Cost-Effectiveness of Energy Efficiency Programs 

• Chapter 4. This chapter presents the key factors and issues in the determination of an 
energy efficiency program’s cost-effectiveness. It also discusses key emerging issues 
that are shaping energy efficiency programs, including the impact greenhouse gas 
(GHG) reduction targets and renewable portfolio standards (RPS) may have on energy 
efficiency programs. 

• Chapter 5. This chapter gives guidelines and examples for policy-makers to consider 
when choosing which cost-effectiveness test(s) to emphasize, and summarizes of the 
use of the cost-effectiveness tests in each state.  

• Chapter 6. This chapter describes the calculation of each cost-effectiveness test in 
detail, as well as the key considerations when reviewing and using cost-effectiveness 
tests and the pros and cons of each test in relation to increased efficiency investment.  

• Appendix C. This chapter gives further detail on the four example programs included in 
Chapter 2. It also describes how the cost-effectiveness test results were calculated for 
each program.  

1.4 Development of the Paper 

Understanding Cost-Effectiveness of Energy Efficiency Programs is a product of the Year Three 
Work Plan for the National Action Plan for Energy Efficiency. With direction and comment by the 
Action Plan Leadership Group (see Appendix A for a list of group members), the paper’s 
development was led by Snuller Price, Eric Cutter, and Rebecca Ghanadan of Energy and 
Environmental Economics, Inc., under contract to the U.S. Environmental Protection Agency 
and the U.S. Department of Energy. Chapter 5 was authored by Rich Sedano and Brenda 
Hausauer of the Regulatory Assistance Project, under contract to the U.S. Department of 
Energy. 

1.5 Notes 
1  See the National Action Plan for Energy Efficiency Vision for 2025: A Framework for Change (National 

Action Plan for Energy Efficiency, 2008). 

2  The program administrator cost test, or PACT, was originally named the utility cost test (UCT). As 
program management has expanded to government agencies, nonprofit groups, and other parties, the 
term “program administrator cost test” has come into use, but the computations are the same. This 
document refers to the UCT/PACT as the “PACT” for simplicity. See Section 6.2 for more information 
on the test. 

Appendix B









Appendix B



 

3: Cost-Effectiveness Test Review—Interpreting the 
Results 

This chapter discusses the benefit and cost components included in each cost-
effectiveness test, and profiles how a residential lighting and appliance incentive 
program fares under each test. It also provides an overview of important considerations 
when using cost-effectiveness tests. 

Overall, the results of all five cost-effectiveness tests provide a more comprehensive picture 
than the use of any one test alone. The TRC and SCT cost tests help to answer whether energy 
efficiency is cost-effective overall. The PCT, PACT, and RIM help to answer whether the 
selection of measures and design of the program is balanced from participant, utility, and non-
participant perspectives respectively. Looking at the cost-effectiveness tests together helps to 
characterize the attributes of a program or measure to enable decision making, to determine 
whether some measures or programs are too costly, whether some costs or incentives are too 
high or too low, and what adjustments need to be made to improve distribution of costs and 
benefits among stakeholders. The scope of the benefit and cost components included in each 
test is summarized in Table 3-1 and Table 3-2. 

The broad categories of costs and benefits included in each cost-effectiveness test are 
consistent across all regions and applications. However, the specific components included in 
each test may vary across different regions, market structures, and utility types. Transmission 
and distribution investment may be considered deferrable through energy efficiency in some 
areas and not in others. Likewise, the TRC and SCT may consider just natural gas or electricity 
resource savings in some cases, but also include co-benefits of other savings streams (such as 
water and fuel oil) in others. Considerations regarding the application of each cost-effectiveness 
test and which cost and benefit components to include are the subject of Chapter 5. 

3.1 Example: Southern California Edison Residential Energy 
Efficiency Program 

The Southern California Edison (SCE) Residential Energy Efficiency Incentive Program 
provides customer incentives for efficient lighting and appliances (not including HVAC). It is part 
of a statewide mass market efficiency program that coordinates marketing and outreach efforts. 
This section summarizes how to calculate cost-effectiveness for each cost-effectiveness test 
using the SCE Residential Energy Efficiency Incentive Program as an example. Calculations for 
three additional programs from other utilities are evaluated in Appendix C.  
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Applying cost-effectiveness tests at the measure level is the most restrictive. With this 
approach, the analyst or policy-maker is explicitly or implicitly emphasizing the cost-
effectiveness rather than the total energy savings of the efficiency portfolio. In contrast, applying 
cost-effectiveness tests at the portfolio level allows utilities greater flexibility to experiment with 
different strategies and technologies and results in greater overall energy savings, though at the 
expense of a less cost-effective portfolio overall. California applies the cost-effectiveness tests 
at the portfolio level specifically to allow and encourage the implementation of emerging 
technology and market transformation programs that promote important policy goals but do not 
themselves pass the TRC or PCT.  

Strictly applying cost-effectiveness at the measure or even the program level can often result in 
the need for specific exceptions. At the measure level, variations in climate, building vintage, 
building type and end use may affect the cost-effectiveness of a measure. For marketing clarity, 
a rebate might be provided service-territory-wide even if some eligible climate zones and 
customer types are not cost-effective since differentiating among customer types may 
complicate the advertising message and make the program less effective (the program 
designers make sure the measure is cost-effective overall). At the program level, some 
programs—such as low-income programs—generally need higher incentive levels and 
marketing focus and may not be cost-effective, but are desired in the overall portfolio for social 
equity and other policy reasons. Similarly, some programs, such as those for emerging 
technologies or Home Performance with ENERGY STAR, ramp up slowly over time and 
typically do not achieve cost-effectiveness within the first three years, but do provide energy 
efficiency benefits. Also, the program and portfolio approaches make it easier to include 
supporting programs such as informational campaigns that raise overall awareness and 
complement other programs, but may not be cost-effective on a stand-alone basis. 

Summing up the benefits of multiple measures at the program level may require some 
adjustment for what are known as “interactive effects” between related measures. Interactive 
effects occur when multiple measures installed together affect each other’s impacts. When 
measures affect the same end use, their combined effect when implemented together may be 
less than the sum of each measure’s individually estimated impact. An insulation and air 
conditioning measure may each save 500 kilowatt-hours (kWh) individually, but less than 1,000 
kWh when installed together. Alternatively, some measures may have additional benefits when 
other end uses are also present (i.e., “interactive effects”). For example, replacing incandescent 
bulbs with compact fluorescent light bulbs (CFLs) also reduces cooling loads in buildings with 
air conditioning.  

3.2.2 Impacts Over Time of the Distribution Tests 

Cost-effectiveness tests are evaluated on a life-cycle basis; however, they do not show the way 
impacts vary or adjust over time. As a result, it is important to recognize the ways in which 
program impacts may vary over time in order to properly interpret cost-effectiveness test results. 
For example, the RIM estimates the impact of the energy efficiency program on non-
participants. Yet non-participants are actually unaffected until rates are adjusted through a rate 
case or a decoupling mechanism. Figure 3-2 illustrates the distributional impacts on the 
participant, non-participant, and utility over time in the common test-result case where energy 
efficiency has a PCT above 1 and a RIM below 1.4 

Consider three time periods from the point at which the energy efficiency measure is first 
installed: the short term, medium term, and long term. The short term is defined as the period 
between installing the energy efficiency and adjusting the rate levels. The medium term begins 
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3-12 Understanding Cost-Effectiveness of Energy Efficiency Programs 

3.3 Notes 
1  PM10 is particulate matter with an aerodynamic diameter less than or equal to a nominal 10 

micrometers. 

2  Calculations of the cost tests were made by the paper’s authors using a simplified analysis tool. This 
serves to illustrate the concepts, but may not match exactly what each utility has reported based on 
their own analysis. 

3  The inclusion of the environmental adder in the TRC is an effort to directly internalize the externalities 
of environmental impacts into California’s primary cost test, which is the TRC (see Section 5.1.1).   

4  More detailed analysis of impacts over time can be evaluated with the National Action Plan for Energy 
Efficiency’s Energy Efficiency Benefits Calculator, using a set of assumptions that can be modified to 
fit a particular utility. See   
<http://www.epa.gov/cleanenergy/energy-programs/napee/resources/calculator.html>. 

5  If the load forecasts used in rate-making are adjusted to reflect projected efficiency savings, rates may 
increase in the short term as well.  
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4: Key Drivers in the Cost-Effectiveness Calculation 

In addition to the cost-effectiveness tests themselves, there are a number of choices in 
developing the costs and benefits that can significantly affect the cost-effectiveness 
results. This chapter describes some of the major choices available to analysts and 
policy-makers; it is a resource and reference for identifying and better understanding the 
variations in possible terms and approaches and developing a more robust 
understanding of possible evaluation techniques and their trade-offs. Because energy 
efficiency programs vary in different energy sectors and have different embedded 
savings and cost values, the variations on these terms are considerable. Thus, this 
chapter cannot be a step-by-step guide of all possible conditions.  

Issues covered in this chapter include: 

• Which benefits to include in each cost-effectiveness test. 
• Whether to emphasize accuracy or transparency. 
• Which methodology to use to forecast future benefits of energy and capacity savings. 
• What time period to consider when assessing costs and benefits. 
• Whether to determine demand- and supply-side resource requirements in the same 

analysis (true “integrated resource planning”). 
• Whether to use a public, non-proprietary data set to develop the benefits, or rely on 

proprietary forecasts and estimates. 
• Which discount rates to use in NPV analysis. 
• Whether to incorporate non-energy benefits (NEBs) and costs in the calculation. 
• What NTG to use. 
• Whether to include CO2 emissions reductions in the analysis. 
• Whether to include RPS procurement costs in the analysis. 

Ultimately, the types of costs, benefits, and methodology used depend on the policy goals. This 
chapter outlines the key terms that will need to be addressed in weighing and evaluating 
efficiency programs. It also provides a discussion of key factors in applying cost-effectiveness 
test terms.   

4.1 Framework for Cost-Effectiveness Evaluation 

The typical approach for quantifying the benefits of energy efficiency is to forecast long-term 
“avoided costs,” defined as costs that would have been spent if the energy efficiency savings 
measure had not been put in place. For example, if an electric distribution utility expects to 
purchase energy at a cost of $70 per megawatt-hour (MWh) on behalf of customers, then 
$70/MWh is the value of reduced purchases from energy efficiency. In addition, the utility may 
not have to purchase as much system capacity (ICAP or UCAP),1 make as many upgrades to 
distribution or transmission systems, buy as many emissions offsets, or incur as many other 
costs. All such cost savings resulting from efficiency are directly counted as “avoided cost” 
benefits. In addition to the directly counted benefits, the state regulatory commission or 
governing councils may request that the utility account for indirect cost savings that are not 
priced by the market (e.g., reduced CO2 emissions). For additional information on avoided 
costs, refer to the National Action Plan’s Guide to Resource Planning with Energy Efficiency 
(National Action Plan for Energy Efficiency, 2007b [Chapter 2]). 
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Most states select a subset to analyze from within this “universe” of benefits when evaluating 
energy efficiency. No state considers them all. The most important factor in choosing the 
components is to inform the decisions on energy efficiency given the policy backdrop and 
situation of the state. As an example of how calculations may be adopted to specific conditions, 
California chose to include market price reduction effects in evaluating energy efficiency 
programs during the California Energy Crisis. Similarly, large capital projects such as LNG 
terminals or power plants, or a focus on GHGs or local environment, might lead to emphasizing 
these components over others. There may be diminishing value to detailed analysis of small 
components of the avoided cost that will not change the fundamental decisions. 

4.3 Level of Complexity When Forecasting Avoided Costs 

Within the avoided cost framework, there are many ways to estimate the benefits. The approach 
may be as simple as estimating the fixed and variable costs of displaced generation and using 
them as the avoided costs (as is done in Texas). An alternative approach is to use a more 
sophisticated integrated resource planning (IRP) approach that simultaneously evaluates both 
supply- and demand-side investments. This IRP analysis may include a simulation of the utility 
system with representation of all of the generation, transmission constraints, and loads over 
time (for example, see the Northwest Power Planning and Conservation Council 5th Power 
Plan3 4 or PacifiCorp Integrated Resource Planning ). This requires a much more complex set of 
analysis tools, but provides more information on the right timing, desired quantity, and value of 
energy efficiency with respect to the existing utility system and its expected future loads. 

In general, more sophisticated and accurate estimates of benefits are better. However, other 
considerations include the following: 

• Availability of resources needed to complete the analysis and stakeholders’ review 
before adoption may be a problem in states without intervener compensation. 

• Time taken to complete the analysis with sophisticated IRP approaches could delay 
implementation of energy efficiency. The regulatory landscape in many states is littered 
with IRP proceedings that are contentious and have taken years to complete. 

• Transparency of the approach to a broad set of stakeholders is also valued and may 
be easier to achieve without sophisticated models to achieve broader support. 

4.4 Forecasts of Avoided Costs 

Depending on the utility type and market structure in a region, there are a number of 
methodology options for developing avoided natural gas and electricity costs. The first approach 
is to use forward and futures market data, which are publicly available and transparent to all 
stakeholders. However, energy efficiency is likely to have a life longer than available market 
prices, and a supplemental approach will also be needed to estimate long-term costs.  

The second approach is to use public or private long-run forecast of electricity and natural gas 
costs, such as those produced by the Department of Energy’s Energy Information Agency and 
many state agencies (utilities participating in wholesale markets will also have proprietary 
forward market forecasts to inform trading activities).  
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production simulation and proxy plant approaches described below provide alternative 
approaches that address long-term fixed costs. 

4.4.2 Production Simulation Models 

For self-resourced electric utilities that do not have wholesale market access or actively trade 
electricity, a “production simulation” forecast may be the best approach to forecast energy costs. 
A production simulation model is a software tool that performs system dispatch decisions to 
serve load at least cost, subject to constraints of transmission system, air permitting, and other 
operational parameters. The operating cost of the “marginal unit” in each hour or time period is 
used to establish the avoided cost of energy. The downside of production simulation models is 
that they are complex, rely on sophisticated algorithms that can appear as a “black box” to 
stakeholders, and have to be updated when market prices of inputs such as natural gas change. 
In addition, these types of models can have difficulty predicting market prices since the marginal 
energy cost is based on production cost, rather than supply and demand interactions in a 
competitive electricity market. If production simulation produces prices that differ from those 
actually seen in the market, energy efficiency can end up facing a cost hurdle that differs from 
the hurdles faced by supply-side resources. Long-term natural gas forecasts also often rely on 
production simulation to model regional supply, demand, and transportation dynamics and 
estimate the equilibrium market prices. 

4.4.3 Long-Run Marginal Cost and the “Proxy Plant” 

Developing a “proxy plant” is an alternative to production simulation approaches and may be 
used when market data is not available or appropriate. Under this approach, a fixed hypothetical 
plant is used as a proxy for the resources that will be built to meet incremental load.7 Selecting 
the proxy-plant, the construction costs, financial assumptions, and operating characteristics are 
all assessed from its characteristics. As an example, the variable costs of a combined cycle 
natural gas plant may be used as a proxy for energy costs. The annual fixed cost of a 
combustion turbine may be used as a proxy for capacity costs. Several methods can be used to 
allocate fixed costs, adjust the variable operating costs, or otherwise shape the costs of the 
plant(s) across different time-of-use (TOU) periods. These methods include applying market 
price or system load shapes, loss of load probabilities, or marginal heat rates to vary prices by 
TOU. Another commonly used method is the peaker methodology, which uses an allocation of 
the capacity costs associated with peaking resources (typically combustion turbines) and the 
marginal system energy cost by hour (system lambda) to estimate avoided electricity costs in 
each hour or TOU period. These costs are then used to estimate the costs of the energy and 
capacity in the avoided costs calculations. The proxy plant approach is more transparent and 
understandable to many stakeholders (particularly in comparison to production simulation). The 
proxy plant approach may be used in conjunction with market data, to estimate costs for the 
periods beyond the time horizons when existing market data are available. 

4.4.4 Proprietary and Public Forecasts 

The easiest approach for a utility to develop long-term avoided costs may be to use its own 
internal forecast of market prices. This approach provides estimates of avoided cost that are 
closely linked to the utility operations. However, the methodology may be confidential since 
utilities involved in procuring electricity or natural gas on the market may not to reveal their 
expectations of future prices publicly. Therefore, the use of internal forecasts can significantly 
limit the stakeholder review process for evaluation of energy efficiency programs. 
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Public forecasts of avoided costs may also be used to develop a more open process for energy 
efficiency evaluation and planning. California, Texas, the Northwest Power Planning Council, 
Ontario, and others use a non-proprietary methodology. An open process allows non-utility 
stakeholders to evaluate and comment on the methodology, thereby increasing the confidence 
that the analysis is fair. This approach also makes it possible for energy efficiency contractors to 
evaluate the cost-effectiveness of proposed energy efficiency upgrades. Unfortunately, this 
open process may diverge from internal forecasts and introduce some discrepancy between the 
publicly adopted numbers and those actually used by utilities in resource planning and 
procurement decisions. States balance these concerns and generally commit to one path or the 
other. 

Policy-makers may also rely on existing publicly available forecasts of electricity or natural gas. 
The most universal source of forecasts is the Annual Energy Outlook (AEO), provided by the 
Department of Energy’s Energy Information Agency.8 This public forecast provides regional 
long-term forecasts of electricity and natural gas. In addition to the AEO, state energy agencies 
or regional groups may provide their own independent forecasts, which may include sensitivity 
analysis. Some parties, however, view publicly developed forecasts with some skepticism, as 
they may be seen as being overly influenced by political considerations or the compromises 
necessary to gain wide support in a public process.  

4.4.5 Risk Analysis 

Electricity and natural gas prices are quite volatile and subject to cyclical ups and downs. In 
reducing load, energy efficiency also reduces a utility’s exposure to fluctuating market prices. 
This provides an option or hedge value that can be quantified with risk analysis, but which is 
omitted when a single forecast of avoided costs is used. 

Increasingly, utilities have used scenario and risk analysis to assess the benefits of different 
investment options under a range of future scenarios. One of the simpler approaches is to 
compare the cost-effectiveness results under multiple scenarios, using a high, expected, and 
low energy price forecast for example. More advanced techniques, such as Monte Carlo 
simulation, may be used to evaluate the performance of various resource plans under a wide 
range of possible outcomes.  

4.5 Area- and Time-Specific Marginal Costs 

For all of the forecasting approaches for avoided costs, the analyst must decide the level of 
disaggregation by area and time used in developing the forecasts. The marginal costs of 
electricity can vary significantly hour to hour and both electricity and natural gas prices vary by 
area and time of year. Similarly, the load reductions provided by energy efficiency measures 
also vary by season and time of day. Figure 4-1 shows the differences that can result when 
using hourly, TOU, and annual average avoided costs for different end uses, based on a study 
of air conditioning, outdoor lighting, and refrigeration end uses in California. The significance of 
using either TOU or average annual costs is highly dependent on the end use and demand/cost 
characteristics of the region in question. In California, the decision to use hourly avoided costs 
was made in order to appropriately value air conditioning energy efficiency.9 This approach 
almost doubles the value of air conditioning measures relative to a flat annual average 
assessment of avoided cost (~$0.12/kWh vs. ~$0.07). In the case of other end uses, such as 
outdoor lighting efficiency, there is very little difference between hourly and TOU costs for end 
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uses that operate evenly within a 24-hour period (e.g., refrigeration), there is no difference in 
method. 

Figure 4-1. Implication of Time-of-Use on Avoided Costs 

 
Source: California Proceeding on Avoided Costs of Energy Efficiency; R.04-04-025. 

 
Another consideration of time-dependent avoided cost analysis is the need to correctly evaluate 
the tradeoffs between different types of energy efficiency measures. Hourly avoided costs are 
highly detailed, capturing the cost variance within and across major time periods. Annual 
average costs ignore the timing of energy savings. In the example above, using an annual 
average method, CFLs and outdoor lighting efficiency would receive the same value as air 
conditioning energy efficiency, while in actuality air conditioning energy efficiency is much more 
valuable to the system overall because it reduces the peak load significantly. The use of hourly 
avoided costs in this case reveals the large potential avoided cost value of air conditioning 
savings relative to other efficiency measures.  

4.6 Net Present Value and Discount Rates 

A significant driver of overall cost-effectiveness of energy efficiency is the discount rate 
assumption. Each cost-effectiveness test compares the NPV of the annual costs and benefits 
over the life of an efficiency measure or program. Typically, energy efficiency measures require 
an upfront investment, while the energy savings and maintenance costs accrue over several 
years. The calculation of the NPV requires a discount rate assumption, which can be different 
for the stakeholder perspective of each cost-effectiveness test.   

As each perspective portrays a specific stakeholder’s view, each perspective comes with its 
own discount rate. The five cost-effectiveness tests are listed in Table 4-3, along with the 
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Using these illustrative values for each cost-effectiveness test, the third column of Table 4-3 
shows the value of receiving $1 per year for 20 years from each perspective. This is analogous 
to the value of not having to purchase $1 of electricity per year. From a participant perspective 
assuming a 10 percent discount rate, this stream is worth $8.51; from a utility perspective, it is 
worth $9.46; and from a societal perspective, it is worth $12.46. The effect of the discount rate 
increases over time. The value today of the $1 received in the 20th year ranges from $0.15 from 
the participant perspective to $0.38 in the societal perspective, more than twice as much. Since 
the present value of a benefit decreases more over time with higher discount rates, the choice 
of discount rate has a greater impact on energy efficiency measures with longer expected useful 
lives. 

4.7 Establishing the Net-to-Gross Ratio 

A key requirement for cost benefit analysis is estimating the NTG. The NTG adjusts the cost-
effectiveness results so that they only reflect those energy efficiency gains that are attributed to, 
and are the direct result of, the energy efficiency program in question. It gives evaluators an 
estimate of savings achieved as a direct result of program expenditures by removing savings 
that would have occurred even absent a conservation program. Establishing the NTG is critical 
to understanding overall program success and identifying ways to improve program 
performance. For more information on NTG in the context of efficiency program evaluation, see 
Chapter 5 of the National Action Plan for Energy Efficiency’s Model Energy Efficiency Program 
Impact Evaluation Guide (National Action Plan for Energy Efficiency, 2007c). 

Gross energy impacts are the changes in energy consumption and/or demand that result 
directly from program-related actions taken by energy consumers that are exposed to the 
program. Estimates of gross energy impacts always involve a comparison of changes in energy 
use over time among customers who installed measures versus some baseline level of usage. 

Net energy impacts are the percentage of the gross energy impact that is attributable to the 
program. The NTG reduces gross energy savings estimates to reflect three types of 
adjustments: 

• Deduction of energy savings that would have been achieved even without a 
conservation program.  

• Deduction of energy savings that are not actually achieved in real world implementation. 

• Addition of energy savings that occur as an indirect result of the conservation program.  

Key factors addressed through the NTG are:  

• Free riders. A number of customers take advantage of rebates or cost savings available 
through conservation programs even though they would have installed the efficient 
equipment on their own. Such customers are commonly referred to as “free riders.”  

• Installation rate. In many cases the customer does not ultimately install the equipment. 
In other cases, efficient equipment that is installed as part of an energy conservation 
program is later bypassed or removed by the customer. This is common for CFL 
programs.  
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• Persistence/failure. A certain percentage of installed equipment can be expected to fail 
or be replaced before the end of its useful life. Such early failure reduces the achieved 
savings as compared to pre-installation savings estimates.  

• Rebound effect. Some conservation measures may result in savings during certain 
periods, but increase energy use before or after the period in which the savings occur. In 
addition, customers may use efficiency equipment more often due to actual or perceived 
savings.  

• Take-back effect. A number of customers will use the reduction in bills/energy to 
increase their plug load or comfort by adjusting thermostat temperatures. 

• Spillover. Spillover is the opposite of the free rider effect: customers that adopt 
efficiency measures because they are influenced by program-related information and 
marketing efforts, though they do not actually participate in the program. 

4.8 Codes and Standards 

Another way to encourage energy efficiency is to adopt increasingly strict codes and standards 
for energy use in buildings and appliances. This process is occurring in parallel with energy 
efficiency programs in most states, as each approach has its advantages and disadvantages. 
Codes and standards can be adopted for the state as a whole and do not demand the same 
level of state or utility funding as incentive programs. They do, on the other hand, impose 
regulatory and compliance costs on businesses and residents. Codes and standards generally 
involve a more complicated and potentially contentious legislative process than utility energy 
efficiency programs overseen by regulatory agencies. They also present enforcement 
challenges; local planning departments often do not have the staff, budget, or expertise to focus 
on state regulations related to energy use.  

Increasingly strict codes and standards effectively raise the baseline that efficiency measures 
are compared against over time. This will reduce the energy savings and net benefits of 
efficiency measures, either by reducing the estimated savings or increasing the NTG.  

4.9 Non-Energy Benefits and Costs 

Conservation measures often have additional benefits beyond energy savings. These benefits 
include improved comfort, health, convenience, and aesthetics and are often referred to as non-
energy effects (to include costs as well as benefits) or NEBs. None of the five cost-effectiveness 
tests explicitly recognizes changes in NEBs. Unless specifically cited, databases and studies 
generally exclude NEBs.  

Examples of NEBs include: 

• From the customer perspective, increased comfort, air quality, and convenience. For 
example, a demand response event that turns off air conditioning can reduce comfort 
and be a “cost” to the customer. Conversely, participants who gain improved heating and 
insulation can experience increased comfort, gaining an overall benefit.  

• From the utility perspective, NEBs have been shown to reduce the number of shut-off 
notices issued or bill complaints received, particularly in low-income communities.  
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• From a societal perspective, efficiency programs can provide regional benefits in 
increased community health and improved aesthetics. On a larger scale, energy 
efficiency also reduces reliance on imported energy sources and provides national 
security benefits.  

Studies attempting to estimate the value of NEBs are limited. Such studies often rely on 
participant surveys, which are designed to indicate their willingness to pay for NEBs or 
comparative valuation of various NEBs. Other studies rely on statistical analysis of survey data 
to estimate or “reveal” participant preferences toward NEBs. Both survey and statistical 
methods have significant limitations, and it is difficult to account for changing preferences 
across different income levels, cultural backgrounds, and household types. When values are not 
available, the judgment of regulators or program managers may be used. Examples of 
accounting for NEBs include decreasing costs or increasing benefits by a fixed percentage in 
the cost-effectiveness tests. To date, more emphasis has been placed on including NEBs than 
on non-energy costs. Nevertheless, as NEBs are incorporated in cost-effectiveness evaluation, 
non-energy costs should be evaluated on an equivalent basis. Examples of non-energy costs 
include reduced convenience and increased disposal or recycling costs. 

4.10 Incentive Mechanisms 

An area of growing interest in the application of cost-effectiveness tests is in establishing 
incentive mechanisms for utility efficiency programs. There exist two natural disincentives for 
utilities to invest in energy efficiency programs. First, energy efficiency reduces sales, which 
puts upward pressure on rates and can affect utility earnings. Second, utilities make money 
through a return on their capital investments or rate base. The financial disincentives for utilities 
are discussed thoroughly in the National Action Plan for Energy Efficiency’s paper Aligning 
Utility Incentives with Energy Efficiency Investment (National Action Plan for Energy Efficiency, 
2007a). 

To address the reduced earnings from energy efficiency, states are increasingly exploring 
incentive mechanisms that allow a utility to earn a return on energy efficiency expenditures 
similar to the return on invested capital. The intent is to give the utility an equal (or greater) 
financial incentive to invest in energy efficiency as compared to traditional utility infrastructure.  

The cost-effectiveness test results are increasingly being used as a metric to measure the 
incentive payment to the utility, based on the performance of the energy efficiency program. 
However, as discussed previously, no single cost-effectiveness test captures all of the goals of 
the efficiency program. Therefore, some states, such as California, have developed “weighting” 
approaches that combine the results of the cost-effectiveness tests. California has established a 
Performance Earnings Basis that is based on two-thirds of the TRC portfolio net benefits result 
and one-third of the PACT portfolio net benefits result. An incentive is then paid based on the 
utilities’ combined results using this metric if the utilities’ portfolio of savings meets or exceeds 
the utility commission’s established energy savings goals. 

When the cost-effectiveness tests are used in the payment of shareholder incentives, there will 
be additional scrutiny on the input assumptions and key drivers in the calculation. With this 
additional pressure, transparency and stakeholder review of the methodology becomes more 
important. Finally, the cost-effectiveness tests’ use and their weights must be considered with 
care to align the utility objectives with the goals of the energy efficiency policy. 
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4.11 Greenhouse Gas Emissions 

Another factor to consider when determining the cost-effectiveness of an energy efficiency 
program is how to value the program’s effect on GHG emissions. The first step is to determine 
the quantity of avoided CO2 emissions from the efficiency program. Once that quantity has been 
determined, its economic value can be calculated and added to the net benefits of the energy 
efficiency measures used to achieve the reductions. Currently, some jurisdictions use an explicit 
monetary CO2 value in cost-benefit calculations, and some do not. California includes a forecast 
of GHG values in the avoided costs used to perform the cost-effectiveness tests and Oregon 
requires that future GHG compliance costs be explicitly considered in utility resource planning. 
Several utilities, including Idaho Power, PacifiCorp, and Public Service Company of Colorado, 
include GHG emissions and costs when evaluating supply- and demand-side options, including 
energy efficiency, in their IRP process. 

The GHG emissions emitted through the end use of natural gas and heating oil are driven by 
the carbon content of the fuel and do not vary significantly by region or time of use. The GHG 
profiles of electricity generation do differ greatly by technology, fuel mix, and region. A very 
rough estimate of GHG emissions savings from energy efficiency can be obtained by multiplying 
the kWh saved by an average emission factor. Alternatively, it can be estimated based upon a 
weighted average of the heat rates and emission factors for the different types of generators in 
a utility’s generation mix. Such “back of the envelope” methods are useful for agency staff and 
others who wish to quickly check that results from more sophisticated methods are 
approximately accurate.  

A formal cost-effectiveness evaluation uses marginal emission rates that more accurately reflect 
the change in emissions due to energy efficiency and have an hourly profile that varies by 
region. For states in which natural gas is both a base load and peaking fuel, marginal emissions 
will be higher during peak hours because of the lower thermal efficiency of peaking plants, and 
therefore energy efficiency measures that focus their kWh savings on-peak will have the highest 
avoided GHG emissions per kWh saved. However, in states in which coal is the dominant fuel, 
off-peak marginal emission rates may actually be higher than on-peak if the off-peak generation 
is coal and on-peak generation is natural gas. Figure 4-2 illustrates this difference, comparing 
reported marginal emission rates for California and Wisconsin. 

To date, monetary values for GHG emissions have been drawn primarily from studies and 
journal articles and applied in regulatory programs. While there is widespread agreement that 
GHG reduction policies are likely to impose some cost on CO2 emissions, achieving consensus 
on a specific $/ton price for the electricity sector is challenging. As Congress and individual 
states consider specific GHG legislation, a number of the policy considerations that will affect 
the CO2 price remain in flux. 
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Figure 4-2. Comparison of Marginal CO2 Emission Rates for a Summer Day in 
California and Wisconsin 

 
Source: Erickson et al. (2004). 

Note: The on-peak marginal emissions rate of each state is set by natural gas peaking units. The off-peak 
rates are quite different, reflecting the dominance of coal base load generation in Wisconsin and natural 
gas combined cycle in California. 

 
4.12 Renewable Portfolio Standards 

An emerging topic in energy efficiency cost-effectiveness is how to treat the interdependence 
between energy efficiency and RPS. RPS goals are typically established state by state as a 
percentage of retail loads in a future target year (e.g., 20 percent renewable energy purchases 
by 2020). Unlike supply-side investments, energy efficiency, by reducing load, can reduce the 
amount of renewable energy that must be procured pursuant to RPS targets, thereby reducing 
RPS compliance cost.  

Some renewable technologies can provide energy at costs close to that of conventional 
generation. However, for many states, the marginal cost of complying with state RPS goals will 
be set either by more expensive technologies or by distant resources with significant 
transmission costs. When the cost of renewable energy needed to meet RPS goals is 
significantly higher than the avoided cost for conventional generation, energy efficiency provides 
additional savings by reducing RPS compliance costs.  

The additional RPS-related savings from energy efficiency for California are illustrated in Figure 
4-3. In California, as in many regions, the least-cost conventional base-load resource is 
combined cycle gas turbine (CCGT), shown here with a cost of $82/MWh. The avoided costs 
against which energy efficiency has historically been evaluated are based on such conventional 
generation. This has limited the promotion of energy efficiency to technologies with costs below 
$80/MWh. In practice, given limited budgets and staff, utilities have focused primarily on 
technologies with costs of $40/MWh or below.  
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3  See <http://www.nwcouncil.org/energy/powerplan/5/Default.htm>. 

4  See <http://www.pacificorp.com/Navigation/Navigation23807.html>. 

5  See <http://www.nymex.com/ng fut csf.aspx> for current market prices at Henry Hub. 

6  See <http://www.nymex.com/cp produc.aspx> for available basis swap products. 

7  The specifications may be developed by the utility or developed through a regulatory process with 
stakeholder input.   

8  Forecasts are available at <res://ieframe.dll/tabswelcome.htm>.   
See <http://www.eia.doe.gov/oiaf/aeo/> for the latest edition of the Annual Energy Outlook. 

9  See <http://www.ethree.com/CPUC/E3 Avoided Costs Final.pdf> for a detailed description of the 
development of avoided costs in California. 

10  A simplifying assumption of zero as the baseline expenditure is often used, even though the 
equipment may have a limited remaining useful life and need replacement in a few years.  
presents a more detailed calculation that can be used for early replacement programs. 

Table 4-5
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to screen demand-side management (DSM) programs. Minnesota uses all five tests, but 
considers the SCT to be the most important. Many other states use two or three tests with 
different weights assigned to each test, or with separate tests being used for separate parts of 
the process. Several states have adopted formal and in some cases unique modifications to the 
standard forms of the tests. 

The choice of tests and their applications reveal the priorities of the states and the perspectives 
of their regulatory commissions—the extent to which energy efficiency is considered a resource 
or the extent to which rates dominate policy implementation of energy efficiency. Some 
commissions like having a clear formula, using only one or two tests with threshold values to 
establish program scope. 

The following are several examples of the types of decisions regulatory commissions have 
made regarding cost-effectiveness tests: 

• In Colorado, a 2004 settlement with Xcel Energy required the TRC. A 2007 statute 
requires the use of a variation of the SCT that includes the utility’s avoided costs, the 
valuation of avoided emissions, and NEBs as determined by the regulatory commission.  

• Connecticut uses the PACT to screen individual DSM programs and the TRC to evaluate 
the total benefit of conservation and load management programs and to determine 
performance incentives. 

• In the District of Columbia, the RIM is used for DSM programs. Those which have a 
cost-benefit ratio of 0.8 and 1.0 may be evaluated for other benefits, including long-term 
savings, market transformation, peak savings, and societal benefits. 

• Iowa requires utilities to analyze DSM programs using the SCT, RIM, PACT, and PCT. 
According to statute, if the utility uses a test other than the SCT to determine the cost-
effectiveness of energy efficiency programs and plans, it must describe and justify its 
use of the alternative test. 

• In Montana, the SCT and TRC are used for the traditionally regulated utility that 
prepares IRPs. Neither test is required for the utility that conducts portfolio management, 
although statute specifies that the RIM should not be used. 

• Utah requires that DSM programs meet the TRC and PACT in IRP. For supply and 
demand resources, the primary test is the PACT, calculated under a variety of scenarios; 
other tests may also be considered. 

• California weighs the results of two of the cost-effectiveness tests, TRC and PACT, in 
this program screening process. California adopted a “Dual-Test” that uses the PACT to 
ensure that utilities are not over spending on incentives for programs that pass the TRC. 
The recently adopted shareholder incentive mechanisms use a weighting of two-thirds of 
the TRC portfolio net benefits result and one-third of the PACT portfolio net benefits 
result. An incentive is then paid based on the utility’s combined results using this metric 
if the utility’s portfolio of savings meets or exceeds the Commission’s established energy 
savings goals. 
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5.2 Picking Appropriate Costs, Benefits, and Methodology 

With the cost-effectiveness tests determined, it is equally important to pick the appropriate 
costs, benefits, and methodology to align the energy efficiency portfolio with the overall policy 
goals and context for energy efficiency. The choices should ultimately reflect the situation of the 
utility and the state, its history in implementing energy efficiency, and other considerations. To 
provide some guidance, four hypothetical situations are considered along with several 
recommendations of possible approaches in each situation. Since the hypothetical situations do 
not consider any specific state, they should be viewed as a starting point for discussion and not 
specific policy recommendation for every context. 

5.2.1 Situation A: Peak Load Growth and Upcoming Capital Investments 

States or regions that are experiencing high peak load growth and associated large capital 
investments will want to ensure that the energy efficiency portfolio appropriately targets the 
peak and also provides higher benefits for peak load reduction that can be used to justify 
higher-cost energy efficiency such as air conditioner incentives or demand response. 

One approach is to introduce time-specific avoided costs by hour, or by TOU. In addition, it will 
be important to initiate system planning studies that integrate supply- and demand-side planning 
so that the energy efficiency programs have the opportunity to defer or delay the supply-side 
capital investments. Unless the two processes are linked in some way, the energy efficiency 
program may be successful in reducing peak loads only to find that the capital projects also 
built. This could create a situation with too much capacity, and overspending on peak load 
reductions. In order to coordinate demand- and supply-side planning, it is important to start 
early. The lead time for large supply-side projects can be five or even 10 years. In addition, it is 
much easier to defer or eliminate the need for the project before the supply-side project 
proponents are deeply vested in its outcome. 

5.2.2 Situation B: Utility Financial Problems 

In a situation with a utility with financial problems, due to low load growth and/or a rate freeze, a 
different set of energy efficiency policies might be considered. Though the problem probably 
cannot be fixed with energy efficiency program design, there is no need to make it worse. 

There are several approaches to encourage energy efficiency without straining the utility 
financially. One approach is to introduce decoupling or another automatic rate adjustment for 
reduced sales from energy efficiency to ensure recovery of fixed costs that have already been 
allowed in a prior rate case. A rate adjustment, whether tied to decoupling or not, may also help 
improve the utility financial situation. 

If rate adjustments are not possible (whether through direct adjustment, decoupling, or another 
approach), another option may be to limit the impact of energy efficiency by specifying a 
minimum portfolio RIM. This will reduce the level of energy that can be saved but allow the 
portfolio to continue, perhaps with some lower-scoring programs placed on hiatus, while the 
financial issues of the utility are addressed. 
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5.2.3 Situation C: Targeting Load Pockets 

If a utility has areas of growing load that require new transmission and/or generation 
investments to be made, energy efficiency may provide an alternative. In this case, it may be 
less expensive to use energy efficiency and demand response to reduce peak loads than to 
build new supply-side infrastructure. Using demand-side resources to alleviate a load pocket 
also has a lower impact on the environment. 

In order to target the load pockets, the energy efficiency portfolio should include programs that 
specifically target peak load reduction in these areas. This can be done by increasing marketing 
of the same programs used service-territory-wide, or by developing a specific program to target 
peak load reductions in an area. Area- and time-specific costing should be introduced to 
estimate the value of the peak load reductions. Energy efficiency program managers should be 
given the authority to target certain areas. In this case, the equity of providing all of the same 
measures service-territory-wide may be overshadowed by value of a targeted program. 

Targeting marketing and implementation is, by definition, discriminatory, but for legitimate, cost-
based reasons. Targeting efficiency for areas with capacity constraints can be a prudent and 
least-cost means of accommodating load growth or meeting reliability criteria. While they may 
appear to favor certain customers, targeted efforts can provide sufficient incremental value to 
offer net benefits for all customers.   

As in Situation A, it will be important in Situation B to initiate system planning studies that 
integrate supply- and demand-side planning so that the energy efficiency programs have the 
opportunity to defer or delay the supply-side load pocket mitigation measures. 

5.2.4 Situation D: Aggressive Greenhouse Gas and RPS Policies 

Many states are introducing the RPS and beginning to implement aggressive GHG policies. In 
these situations, policy-makers will need to emphasize energy savings. One approach to 
consider is to focus on the TRC or SCT, and not to use the RIM results. Policy-makers might 
also consider including a forecast of avoided CO2 reductions in the avoided costs. In addition, 
including the avoided costs of the renewable energy or low-carbon resource that would 
otherwise be purchased (nuclear, renewables, carbon-capture, and sequestration) as the 
marginal resource can increase the avoided costs. This raises the quantity of efficiency 
measures and programs considered cost-effective. Finally, policy-makers will want to focus the 
cost-effectiveness tests at the portfolio level, rather than at the program or measure level.  
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6-2 Understanding Cost-Effectiveness of Energy Efficiency Programs 

6.1.1 Additional Considerations 

As a measure of payback period or economic appeal, the PCT reflects an important aspect of 
potential participation rates. However, it is not a comprehensive evaluation of all the 
determinants that influence customer participation. For example, the PCT does not consider the 
level of marketing and outreach efforts (or expenditures) to promote the program, and marketing 
can be a major driver of adoption rates. In addition, new technologies may have high upfront 
costs, or steep learning curves, which yield limited adoption despite high PCT ratios. As a key 
example, energy-efficient CFLs generally reach a plateau despite high cost-effectiveness, 
indicating the importance of other factors in behavior besides bill savings.1 This can be due to 
several factors including customer resistance and limited availability of premium features, such 
as the ability to dim. 

Ideally the PCT will be performed using the marginal retail rate avoided by the customer. In 
practice the PCT is often performed using the utility’s average rates for an applicable customer 
class. With tiered and TOU rates, the marginal rate paid by individual customers can vary 
significantly, which makes the use of marginal rate savings in the PCT somewhat more difficult. 
Furthermore, the impact of energy efficiency on a customer’s peak load is difficult to predict, 
making changes in customer demand charges hard to estimate. In practice, the level of effort 
required to estimate the customers’ actual savings given their consumption profile and 
applicable rate schedule is significant. Often utilities find it is not worth the effort at the program 
design or evaluation level, though it may be useful for individual customer audits. Thus the PCT 
gives an indication of the direct cost-based incentives for customers to participate in a given 
energy efficiency program.  

6.2 Program Administrator Cost Test 

The PACT examines the costs and benefits of the energy efficiency program from the 
perspective of the entity implementing the program (utility, government agency, nonprofit, or 
other third party). The costs included in the PACT include overhead and incentive costs. 
Overhead costs are administration, marketing, research and development, evaluation, and 
measurement and verification.2 Incentive costs are payments made to the customers to offset 
purchase or installations costs (mentioned earlier in the PCT as benefits).3 The benefits from 
the utility perspective are the savings derived from not delivering the energy to customers. 
Depending on the jurisdiction and type of utility, the “avoided costs” can include reduced 
wholesale electricity or natural gas purchases, generation costs, power plant construction, 
transmission and distribution facilities, ancillary service and system operating costs, and other 
components.4 These elements are discussed in more detail in Chapter 4. The benefits and 
costs included in the PACT are summarized in Table 6-2. 
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6.6 Notes 
1  The PCT is only one of the determinants of customer participation, and bill savings are not the sole 

factor in a customer’s decision to implement energy efficiency. Marketing and customer decision-
making studies can be used to better understand the levels of customer participation more directly. 
See Golove and Eto, 1996; Schleich and Gruber, 2008.  

2  At a minimum, overhead costs generally include the salary (and benefits) of those employees directly 
involved in promoting energy efficiency. Some jurisdictions opt to include an allocation of fixed costs 
(i.e., office space) while others do not. To the extent they are applicable, research and development, 
marketing, evaluation, measurement, and verification and other costs may be included in the overall 
total, or reported individually as they are for the SCE example shown here. In cases where energy 
efficiency program costs are subject to special treatment (e.g., public funding and shareholder 
incentive mechanisms), detailed definitions of what may be included as an overhead cost are often 
required. 

3  The simplest example is a rebate paid to the customer for the purchase of an efficient appliance. 
However, as programs have grown in scope and complexity, so has the definition of an incentive. Two 
additional types of incentive are common: direct install costs and upstream payments. In many cases, 
the utility performs or pays for the labor and installation associated with an efficiency measure. Such 
payments, which are not for the equipment itself, but nevertheless reduce the cost to the customer, 
are considered direct install costs. Another approach, which is now common for CFL programs, calls 
for utilities to pay incentives directly to manufacturers and distributors. These upstream payments 
lower the retail cost of the product, though no rebate is paid directly to the customer.   

4  Avoided cost benefits vary according to the time and location of the energy savings. Chapter 5 
describes various alternative approaches for estimating the benefits of energy efficiency. 

5  A specialized application of the PACT is in local IRPs. When a local area is at or near the system’s 
capacity to serve its load, significant infrastructure investments are often required. If such investments 
can be deferred by reducing loads or load growth, there is additional value to the utility in installing 
energy efficiency and other distributed resources in that area. The additional savings that can be 
realized by the utility can justify increased customer incentives and marketing for a targeted efficiency 
program. 

6   The RIM, PACT, and PCT assess the impacts of the program from different, but interconnected 
stakeholder perspectives. The RIM includes the overhead and incentive payments included as costs in 
the PACT, but also includes revenue losses. The RIM recognizes the incentives and bill savings 
reported as benefits in the PCT, but the RIM reports these terms as costs (revenues losses). 

7  Even with a negative RIM result, efficiency may still be the most cost-effective means of meeting load 
growth. The full array of long-term investment options considered in utility resource planning cannot 
always be captured in the avoided costs used to evaluate energy efficiency. 

8  The exception to the predominance of the negative RIM result are utilities that can serve most of their 
loads with existing, low-cost generation, but are facing high costs to build new generation. In such 
cases, the avoided costs for energy efficiency may well be higher that the utility’s retail rates. 
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9  In practice, since utility rates are often frozen between rate-setting cycles and not continuously reset, 
the utility itself absorbs the losses (or gains) in its earnings until rates are adjusted. These adjustments 
can be made in several ways: the regular rate-setting cycle, a decoupling mechanism, or a revenue 
adjustment mechanism. In the long run, the reduced capital investments necessary as a result of 
energy efficiency will mitigate the rate increases. The National Action Plan for Energy Efficiency’s 
Energy Efficiency Benefits Calculator can evaluate these impacts over time: 
<http://www.epa.gov/cleanenergy/energy-programs/napee/resources/calculator.html>.This is  
discussed in more detail in Chapter 4. 

10  As an example, in areas of competitive procurement, distribution-only utilities may not see energy 
efficiency as an immediate interest because it may not yield significant T&D savings (and generation 
costs are not part of their purview). In such a case, the utility may not implement energy efficiency 
even if it is cost-effective from a regional perspective. As a result, regulators may ask the utility to 
focus on the TRC rather than the PACT when evaluating efficiency programs.  

11  California includes emissions permits and trading costs in the avoided cost calculations of the TRC. 

12  Tax incentives paid by the state or federal governments and financing costs are excluded from the 
SCT, because they are considered a zero net transfer. A wide range of NEBs have been considered 
and evaluated throughout the United States. For the participant and community, these NEBs resulted 
in increased comfort, improved air quality, greater convenience, and improved health and aesthetic 
benefits. For the utility, fewer shut-off notices or bill complaints occurred.  

13  The California Public Utilities Commission has approved pilot programs for investor-owned utilities to 
partner with water agencies and provide funding for water conservation incentives that provide energy 
savings (A.07-01-024).   
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Appendix B: Glossary 

Avoided costs: The forecasted economic benefits of energy savings. These are the costs that 
would have been spent if the energy efficiency had not been put in place. 

Discount rate: A measure of the time value of money. The choice of discount rate can have a 
large impact on the cost-effectiveness results for energy efficiency. As each cost-effectiveness 
test compares the net present value of costs and benefits for a given stakeholder perspective, 
its computation requires a discount rate assumption.  

Energy efficiency: The use of less energy to provide the same or an improved level of service 
to the energy consumer in an economically efficient way. “Energy conservation” is a term that 
has also been used, but it has the connotation of doing without in order to save energy rather 
than using less energy to perform the same or better function.  

Evaluation, measurement, and verification: The process of determining and documenting the 
results, benefits, and lessons learned from an energy efficiency program. The term “evaluation” 
refers to any real time and/or retrospective assessment of the performance and implementation 
of a program. “Measurement and verification” is a subset of evaluation that includes activities 
undertaken in the calculation of energy and demand savings from individual sites or projects.  

Free rider: A program participant who would have implemented the program measure or 
practice in the absence of the program.  

Impact evaluation: Used to determine the actual savings achieved by different programs and 
specific measures. 

Integrated resource planning: A public planning process and framework within which the 
costs and benefits of both demand- and supply-side resources are evaluated to develop the 
least-total-cost mix of utility resource options. In many states, integrated resource planning 
includes a means for considering environmental damages caused by electricity 
supply/transmission and identifying cost-effective energy efficiency and renewable energy 
alternatives. 

Levelized cost: A constant value or payment that, if applied in each year of the analysis, would 
result in a net present value equivalent to the actual values or payments which change (usually 
increase) each year. Often used to represent, on a consistent basis, the cost of energy saved by 
various efficiency measures with different useful lives. 

Marginal cost: The sum that has to be paid for the next increment of product or service. The 
marginal cost of electricity is the price to be paid for kilowatt-hours above and beyond those 
supplied by presently available generating capacity. 

Marginal emission rates: The emissions associated with the marginal generating unit in each 
hour of the day.  
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Market effects evaluation: Used to estimate a program’s influence on encouraging future 
energy efficiency projects because of changes in the energy marketplace. All categories of 
programs can have market effects evaluations; however, these evaluations are primarily 
associated with market transformation programs that indirectly achieve impacts.  

Market transformation: A reduction in market barriers resulting from a market intervention, as 
evidenced by a set of market effects, that lasts after the intervention has been withdrawn, 
reduced, or changed.  

Measures: Installation of equipment, installation of subsystems or systems, or modification of 
equipment, subsystems, systems, or operations on the customer side of the meter, in order to 
improve energy efficiency. 

Net-to-gross ratio: A key requirement for program-level evaluation, measurement, and 
verification. This ratio accounts for only those energy efficiency gains that are attributed to, and 
the direct result of, the energy efficiency program in question. It gives evaluators an estimate of 
savings that would have occurred even without program incentives.  

Net present value: The value of a stream of cash flows converted to a single sum in a specific 
year, usually the first year of the analysis. It can also be thought of as the equivalent worth of all 
cash flows relative to a base point called the present. 

Nominal: For dollars, “nominal” means the figure representing the actual number of dollars 
exchanged in each year, without accounting for the effect of inflation on the value or purchasing 
power. For interest or discount rates, “nominal” means that the rate includes the rate of inflation 
(real rate plus inflation rate equals the nominal rate). 

Participant cost test: A cost-effectiveness test that measures the economic impact to the 
participating customer of adopting an energy efficiency measure.  

Planning study: A study of energy efficiency potential used by demand-side planners within 
utilities to incorporate efficiency into an integrated resource planning process. The objective of a 
planning study is to identify energy efficiency opportunities that are cost-effective alternatives to 
supply-side resources in generation, transmission, or distribution.  

Portfolio: Either (a) a collection of similar programs addressing the same market, technology, 
or mechanisms or (b) the set of all programs conducted by one organization.  

Potential study: A study conducted to assess market baselines and energy efficiency savings 
potentials for different technologies and customer markets. Potential is typically defined in terms 
of technical, economic, achievable, and program potential. 

Program administrators: Typically procure various types of energy efficiency services from 
contractors (e.g., consultants, vendors, engineering firms, architects, academic institutions, 
community-based organizations), as part of managing, implementing, and evaluating their 
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portfolio of energy efficiency programs. Program administrators in many states are the utilities; 
in some states they are state energy agencies or third parties.  

Program design potential study: Can be undertaken by a utility or third party for the purpose 
of developing specific measures for the energy efficiency portfolio. 

Ratepayer impact measure: A cost-effectiveness test that measures the impact on utility 
operating margin and whether rates would have to increase to maintain the current levels of 
margin if a customer installed energy efficient measures.  

Real: For dollars, “real” means that the dollars are expressed in a specific base year in order to 
provide a consistent means of comparison after accounting for inflation. For interest and 
discount rates, “real” means the inflation rate is not included (the nominal rate minus the 
inflation rate equals the real rate).  

Societal cost test: A cost-effectiveness test that measures the net economic benefit to the 
utility service territory, state, or region, as measured by the total resource cost test, plus indirect 
benefits such as environmental benefits. 

Time-of-use periods: Blocks of time defined by the relative cost of electricity during each block. 
Time-of-use periods are usually divided into three or four time blocks per 24-hour period (on-
peak, mid-peak, off-peak, and sometimes super off-peak) and by seasons of the year (summer 
and winter).  

Total resource cost test: A cost-effectiveness test that measures the net direct economic 
impact to the utility service territory, state, or region. 

Utility/program administrator cost test: The program administrator cost test, also known as 
the utility cost test, is a cost-effectiveness test that measures the change in the amount the 
utility must collect from the customers every year to meet an earnings target—e.g., a change in 
revenue requirement. In a number of states, this test is referred to as the program administrator 
cost test. In those cases, the definition of the “utility” is expanded to program administrators 
(utility or third party). 
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Appendix C: Cost-Effectiveness Tables of Best 
Practice Programs 

Southern California Edison Residential Incentive Program 

SCE’s Residential Energy Efficiency Incentive Program provides customer incentives for 
efficient lighting and appliances (not including HVAC). It is part of a coordinated statewide mass 
market efficiency program that coordinates marketing and outreach efforts. This program is 
used as the example in Section 3.1 to illustrate the calculation of each of the cost-effectiveness 
tests.  

The values shown in Tables C-1, C-2 and C-3 are for the fourth quarter of 2006. Note that dollar 
benefits associated with emissions reductions are included in the forecasted avoided cost of 
energy, and are therefore not separately reported. The other category in this case includes 
direct implementation activity costs incurred by SCE that are over and above the cost of the 
efficiency measure. Direct installation costs paid by the utility that offset the cost of the measure 
are included under “program incentives.” 
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Puget Sound Energy Commercial/Industrial Retrofit Program 

Puget Sound Energy’s (PSE’s) Commercial/Industrial Retrofit Program encourages customers 
to use electric and natural gas efficiently by installing cost- and energy-efficient equipment, 
adopting energy efficient designs, and using energy-efficient operations at their facilities. In 
addition, incentives are available for fuel switch measures that convert from electric to natural 
gas while serving the same end use. Applicable Commercial and Industrial Retrofit measure 
category headings include, but are not limited to: HVAC and refrigeration, controls, process 
efficiency improvements, lighting improvements, building thermal improvements, water heating 
improvements, and building commissioning. 

Customers provide PSE with project costs and estimated savings. Customers assume full 
responsibility for selecting and contracting with third-party service providers. Projects must be 
approved for funding prior to installation/implementation. Maximum grants for hardware changes 
are based on PSE’s cost-effectiveness standard. Grants for projects are made available as a 
percentage of the measure cost. Electric and gas measures may receive incentive grants up to 
70 percent of the measure cost where the grant incentive does not exceed the cost-
effectiveness standard minus program administration costs. Measures exceeding the cost-
effectiveness standard will receive grants that are on a declining scale and will be less than 70 
percent of the measure cost. Electric and gas measures that have a simple payback of less than 
a year are not eligible for a grant incentive. 

Unlike the other programs presented in this document, PSE shows a positive RIM. A positive 
RIM is possible in the Pacific Northwest because of the allocation of low-cost hydro generation 
from the Bonniville Power Administration to municipal utilities. In some cases the marginal cost 
of avoided generation is determined by higher-cost thermal generation and is higher than the 
utility’s average retail rate.  
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National Grid MassSAVE Program 

The Massachusetts MassSAVE program is a residential conservation program targeting 
electricity and natural gas savings. The data shown in the tables that follow are taken from the 
National Grid 2006 Energy Efficiency Annual Report, submitted to the Massachusettes 
Department of Energy Resources and Department of Public Utilities in August 2007. 

In the residential sector, there are diminishing energy savings available from single-measure 
incentive programs, in part due to federal appliance and lighting standards, as well as rapid 
progress in increasing the market penetration of CFLs relative to incandescent lighting. As a 
result, more utilities are seeking to develop program models that tackle harder-to reach 
opportunities and offer more comprehensive savings. National Grid’s Home Performance with 
ENERGY STAR is one such program model. This program offers comprehensive whole-house 
improvements (insulation, air sealing, duct sealing, and HVAC improvements) for homeowners. 
Customers receive in-home services, step-by-step guidance, incentives for energy measures, 
quality installations and inspections, and low-interest financing.  

Since contractors that deliver home performance services are in short supply in most markets, 
an infrastructure building phase is typically needed. During the initial two- to three-year startup 
phase, program costs may be high relative to energy savings. However, as contracting services 
increase over time, energy savings tend to increase dramatically. Limiting cost-effectiveness 
tests to three-year program cycles or less may inadvertently limit the development of these long-
term, comprehensive program models. National Grid was able to reduce administrative costs 
associated with contractor recruitment, training, and quality assurance by limiting contractor 
participation in program startup and by requiring participating contractors to directly install some 
measures.  

Comprehensive, whole-building program models such as Home Performance with ENERGY 
STAR may face a number of additional challenges using commonly employed practice for 
calculating cost-effectiveness. For example, installing air sealing and insulation reduce heating 
and cooling loads, which reduces the savings associated with installing efficient HVAC 
equipment (interactive effects; see Section 3.2.1). However, reduced heating and cooling loads 
can also provide opportunities for downsizing heating and cooling systems, which are not 
captured by the cost-effectiveness tests. Furthermore, whole-house improvements provide a 
variety of non-energy benefits (Section 4.9) that can be difficult to quantify and are often not 
included as benefits in the cost-effectiveness tests.  

More information can be found online at <http://www.masssave.com/customers/>. 
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