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ABSTRACT  

The identification of the correct baseline is essential for accurately estimating the gross 

impacts of any measure. For example, for early replacement, the appropriate baseline is the 

energy use of the old equipment that was replaced. For replacement on burnout (ROB) or an 

addition, there are various baselines that could be used including applicable local, state and 

federal energy codes and standards (code and standards or C&S) with a compliance adjustment 

as necessary and the market average, current practice, or industry standard practice (hereafter 

referred to as current practice) to represent the energy use of equipment purchased on average by 

consumers in the market. Once gross impacts are estimated, the next step typically is to 

determine what portion of the gross impacts is caused by the program. In many cases, this is 

done by estimating a net-to-gross ratio (NTGR) and multiplying it by the gross impacts to yield 

net impacts.  

However, some evaluators are now arguing that using current practice as the baseline for 

estimating gross impacts and then adjusting these savings using a NTGR is a mistake since the 

gross savings are in many ways closer to net than gross. While the authors agree that to refer to 

the difference between annual energy use associated with current practice and that of the rebated 

measure is not purely net savings, they disagree about which solutions to recommend. They note 

that what counts as credible evidence in a given jurisdiction may help to decide which way to 

proceed.  

Introduction 

 
Let’s begin with the definitions of gross and net savings from the California Energy 

Efficiency Evaluation Protocols: Technical, Methodological, and Reporting Requirements for 

Evaluation Professionals (Hall et al. 2006).  

Gross Load Impact: The change in energy consumption and/or demand that results 

directly from program-related actions taken by participants in a DSM program, regardless 

of why they participated. 

 

Net Load Impact: The total change in load that is attributable to the utility DSM program.   

 

For gross savings, the establishment of the correct baseline is critical. For example, for a 

participant who installed insulation in their home, the gross savings are defined as the difference 

between the annual energy use of the home without insulation and the annual energy use with 

insulation. Or, for an air conditioner, which is replaced when it fails, it is typically calculated as 
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the difference between the annual energy use associated with an air conditioner that complies 

with applicable local, state and federal energy C&S and the annual energy use of the replacement 

air conditioner. 

Establishing the Counterfactual 

Of course, the ultimate aim of any evaluation of an energy efficiency program is to 

estimate the net savings due to the program intervention. Over the years, various research 

designs have been proposed to estimate net savings (Campbell and Stanley 1963; Mohr 1995). 

These designs all represent an effort to construct a counterfactual, i.e., what would have 

happened to the participants had they not participated in the program. The extent to which a 

given research design is able to establish a causal relationship between the intervention and the 

targeted outcome is referred to as internal validity. Internal validity is only relevant in studies 

that try to establish a causal relationship. It's not relevant in most observational or descriptive 

studies, for instance. But for studies that assess the effects of social programs or interventions, 

internal validity is perhaps the primary consideration. In those contexts, you would like to be 

able to conclude that your program or treatment made a difference -- it improved test scores or 

reduced energy use. But there may be lots of reasons, other than your program, why energy use 

might have changed. The key question in internal validity is whether observed changes can be 

attributed to your program or intervention (i.e., the cause) and not to other possible causes 

(sometimes described as "alternative explanations" for the outcome). 

Various designs have been used to control for the threats to internal validity. In some 

cases, true experimental designs have been used which employ random assignment of customers 

to treatment and control groups. However, since such a design is rarely possible for energy 

efficiency programs, evaluators have often employed one of the many quasi-experimental 

designs that rely on existing groups of participants and nonparticipants such as the non-

equivalent control group design. The customers in the control group in the true experimental 

design or the nonparticipants in a quasi-experimental design provide insights into what 

participants would have done in the absence of the program, the counterfactual. 

 

For cases in which experimental or quasi-experimental designs are not possible, 

evaluators have relied on non-experimental methods consistent with the realist position (Weiss 

1998; Weiss & Rein 1972; Cronbach 1982) to construct the counterfactual. An example of this 

approach is referred to as the self-report approach (SRA) and involves asking one or more key 

participant decision-makers a series of closed and open-ended questions about their motivations 

for installing the efficiency equipment and the efficiency of the equipment that they would have 

installed in the absence of the program. In addition, questions are typically asked to establish the 

temporal precedence of the program and to rule out rival explanations for the installation (Weiss 

1998; Scriven 1976 and 2009; Shadish 1991; Wholey et al. 1994; Yin 1994; Mohr 1995; Rogers 

et al. 2000; Donaldson, Christie, & Mark 2008). The result is an index of program influence, 

called the net-to-gross ratio (NTGR) that reflects the percent of the gross savings that are 

attributable to the program. 
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Definitional Concerns 

One of the more common approaches in the evaluation of energy efficiency programs is 

to first estimate the gross savings and then to adjust these savings using a net-to-gross ratio. 

However, recently, some confusion has arisen regarding the definition of gross savings and the 

application of the NTGR. The problem arises in situations in which billing analysis of participant 

energy use is inappropriate (e.g., pre-installation energy use is not the correct baseline as is the 

case of additions where no baseline is observable) or infeasible (e.g., when the signal-to-noise 

ratio is too small). In such cases, the problem is linked to how one defines the baseline for 

calculating gross savings. There are several ways to define the baseline depending on the 

installation situation (e.g., early replacement, replacement on burnout (ROB), and addition). 

Figure 1 illustrates four baselines that are commonly used to estimate gross savings. It also 

illustrates the four definitions of gross savings that might arise from comparing each baseline to 

the observed post-period energy use. 

 

 where  

Pre= Pre-installation mean annual energy of a representative sample 

of participants 

MinEff= Minimum efficiency available in the market 

Code & Standards= Efficiency level that is compliant with codes and standards 

(C&S) 

Current Practice= Mean annual kWh for a representative sample of measures 

purchased in the market, also known as common practice, 

current practice, or industry standard practice. 

Post= Post-installation mean annual kWh for the same random sample 

of participants 

 

Figure 1. Four Baseline Scenarios  
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For many evaluators, the next step is to multiply these gross savings (A, B, C and D) by a 

NTGR in order to obtain net savings.  Later in this paper, we will illustrate the problems with 

estimating savings using current practice as the baseline and then adjusting it with a NTGR. 

Table 1 presents each measure category, the appropriate baseline, and the associated gross 

savings consistent with Figure 1.  

Table 1. Measure Category, by Baseline and Gross Savings 

Measure Category Baseline 
Gross 

Savings 

1. Any measure that is replaced before the end of its useful 

life or any non-energy using measure that is added to a site 

that reduces energy use. This category includes any energy 

using measure as well as non-energy using measures such 

as air conditions, motors, insulation, time clocks, VSDs, 

cool roofs, etc. 

Pre D 

2. An energy using measure that is replaced on burnout or 

added that has no applicable energy C&S. This includes 

such measures such as air compressors. 

Current Practice 

or MinEff 

 

A or C 

3. An energy using measure that is replaced on burnout or 

added that has an applicable C&S. This includes such 

measures as air conditioners.   

C&S B 

4. New Construction or renovation C&S B 

  

It is important to note that Figure 1 and Table 1 represent something of a simplification of 

actual baseline practices for ease of exposition.  In actual practice, there are many gradations in 

the way baselines are established in the energy efficiency industry.  For example, sometimes the 

way baselines are established for replacement on burnout situations may be closer to using the 

modal out-of-program practice (i.e., which single practice or measure do non-participants most 

often adopt) rather than the mean for the entire population.  Similarly, for new construction, the 

C&S as baseline is often adjusted to reflect over- or under-compliance.  We return to these 

variations later in the paper.  

For additions of equipment such as time clocks and insulation or cases of early 

replacement, using pre as the baseline to estimate gross savings seems to make sense. The main 

focus of the remainder of this paper is on the confusion regarding the use of current practice and 

minimum efficient option as two possible baselines and how to interpret the savings they 

produce.  

The Problem of Current Practice 

The problem is that using current practice as the baseline produces savings that appear to 

be more consistent with the standard definition of net savings not gross savings. That is, if the 

participants had not participated in the program, they would have installed measures consistent 

with what similar customers in the larger market would on average have installed. As a result, if 
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current practice is used as the baseline, an argument might be made that no further adjustments 

for free-ridership are needed. The goal of using of current practice as the baseline is the same as 

the traditional quasi-experimental designs in that they are attempting to determine the 

counterfactual in order to estimate net energy impacts. Theoretically, if one does a very good job 

of defining energy use based on current practice and calculates the difference between that 

energy use and the energy use of participants and then does a very good job of estimating a 

multiple regression model involving both participants and non-participants, one should get the 

same answer in terms of net energy savings. Some parties therefore argue that applying a NTGR 

to either of these two estimates represents an additional and unnecessary adjustment in savings.  

There is some variation with respect to how different jurisdictions or regional bodies 

have addressed this issue. At least four jurisdictions that we know of consider the savings using 

current practice as the baseline to be net or close enough to net. The four are the Regional 

Technical Forum (RTF), the Northwest Energy Efficiency Alliance (NEEA), Indiana, and 

Delaware. RTF’s Guidelines for the Development and Maintenance of RTF Savings Estimation 

Methods (RTF 2012) states: 

 
The current practice baseline defines directly the conditions that would prevail in the 

absence of the program (the counterfactual), as dictated by codes and standards or the 

current practices of the market. The most important conflict would arise if savings were 

estimated against a current practice baseline and then those savings were further adjusted 

by a net-to-gross ratio, where the net-to-gross ratio was the probability that the measure 

would have been delivered in the absence of program influence. (p. 2) 
 

For measures for which there is an applicable C&S, the RTF assumes that customers in the 

market on average are meeting C&S and that the annual energy associated with the efficiency 

C&S represents current practice, i.e., the counterfactual baseline. However, if compliance is 

suspected to be less than or greater than 100 percent, then compliance studies can be conducted 

to provide a more accurate estimate of current practice. More will be said later about the C&S 

baseline and how other jurisdictions have interpreted the savings that result. 

The Evaluation Protocols for NEEA Commercial Sector Advice Initiatives (Baker and 

Ridge 2011) states: 

NEEA’s concept of causality involves trying to first establish the counterfactual—what 

would have happened in the absence of the initiative. A customer who installs an efficient 

measure will experience an annual reduction in energy use that is the difference between 

the annual energy use of the old measure and the new efficient measure. However, only 

the difference in the annual energy use of the new measure (promoted by the NEEA 

initiative) and the measure that they would have installed (in the absence of the NEEA 

initiative) can be claimed to have been caused by NEEA.  

At any point in time, customers are making decisions on equipment purchases, design 

features, or operational practices. The average efficiency that results from these decisions 

constitutes an estimate of what would have happened in the absence of NEEA’s 

initiatives. This is referred to as the current-practice baseline in the RTF Guidelines and 

represents the counterfactual. The difference between the efficient equipment that NEEA 

promotes through its initiatives and the counterfactual (which varies by measure) 
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constitutes the savings that NEEA has caused. Any additional adjustments, such as the 

application of a net-to-gross ratio, are unnecessary. (p. 13) 

Two additional states, Indiana and Delaware, have also defined net savings in the same 

manner. In Indiana, the use of the standard market practice to estimate net savings is established 

within the State’s Evaluation Framework (TecMarket Works 2012): 

The standard market practice (SMP) approach is a way to set energy impact analysis 

baselines so that the baseline already incorporates the influence of freeriders. In this 

approach a freerider assessment is not needed because the use of a standard market 

practice baseline is already what the market is doing without the program’s direct 

influence. The SMP baseline is typically set at the mean of the level of energy efficiency 

being installed across the market being targeted by the program. (p. 55) 

 

In Delaware, the State’s Evaluation Framework also specifies the use of standard market practice 

approaches to identify net savings (Opinion Dynamics Corporation 2012):    

Because free riders are expected to take part in Delaware programs, a Net-to-Gross 

analysis will be completed for all programs in which free riders are expected, unless the 

evaluation approaches use experimental or quasi-experimental designs or set energy 

impact baseline conditions at standard market practice levels that lead directly to the 

estimation of net savings. (p. 24) 

Some jurisdictions recognize that for many types of custom projects, there may be no 

common industry practice. In such cases, the project’s baseline can be and often is unique to a 

particular project rather than a measure efficiency specification that can be broadly applied 

across multiple projects. For this baseline, one would have to determine what the customer is 

most likely to have done had s/he not installed the incentivized measure. Given this statement of 

the counterfactual, the difference between this baseline annual energy use and that of the 

efficient measure could also be interpreted as net savings. A recent evaluation of NYSERDA’s 

New Construction Program used this approach, which they referred to as modeled partial net 

(MPN) (Megdal & Associates Impact Evaluation Team 2012). The MPN net savings reflect the 

savings that are attributable to the Program for each project. The MPN compares the as-operating 

energy use, which reflects the efficiency of the program measures and any inside spillover
1
 that 

occurred at the project, to the project-specific baseline, which includes the free rider effects and 

is determined through energy analysis based on participant interviews. 

 

Other jurisdictions, such as California, have taken a different position. The Energy 

Division of the California Public Utilities Commission has defined (Itron and KEMA 2012) what 

they call industry standard practice (ISP) as . . .  typically adopted industry-specific efficiency 

levels that would be expected to be utilized absent the program” (p. 13-3). The difference 

between the annual energy use associated with ISP and the efficient measure is defined as gross 

savings, exactly the opposite of the other four jurisdictions.  

 

                                                           
1
 Inside spillover occurs when, due to the project, additional actions are taken to reduce energy use at the same site, 

but these actions are not included as program savings. 
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What Is An Evaluator To Do? 

The authors of this paper are in agreement that ignoring the issue of current practice 

raised in this paper is a serious mistake, but disagree on the solution. Some are in agreement with 

NEEA, the RTF, Indiana and Delaware that, while not perfect, the difference between current 

practice and the efficient measure/building is sufficiently net and that to spend limited evaluation 

funds pursuing a more refined answer would produce an estimate that would still contain a fair 

amount of uncertainty. Others feel that the energy use associated with current practice and the 

rebated measures are so contaminated as to be unreliable and argue that one solution would be to 

use the minimum efficient option available in the market as the baseline.  

Concerns 

Both positions on how to address current practice have a number of problems worth 

examining more closely. First, all recognize that there are problems with using current practice. 

The nonparticipant energy use baseline might be lower (use less energy) than it normally would 

have due to the fact that for many years some utilities have been running energy efficiency 

programs some of which are primarily designed as market transformation programs. As a result, 

these programs may well have generated nonparticipant spillover, some of which is permanent 

(i.e., market effects), which was not captured in prior evaluations. As a result, the difference 

between the energy use of the efficient measures purchased by participants and the energy use of 

the measures adopted by customers in the larger market will be biased downwards. Note that if 

the market is relatively small as in pump-off controllers used in oil fields, using market average 

can contain a fair number of past participants (e.g., end users, installers and distributors) who 

have already been influenced by the program. The effect is to lower more dramatically the 

annual energy use of the measures that constitute the current practice baseline resulting in an 

estimate of gross impacts that is even more severely biased downwards. 

 The methods and costs to establish current practice can also vary widely and affect the 

reliability of the estimates. In determining what constitutes common practice, the assessment 

needs to focus on the equipment choices and installation configurations would have normally 

been adopted in the absence of the program. Evidence for the current practice baseline can 

include discussions with designers and/or vendors familiar with the process affected by the 

measure (e.g., interviews with wastewater treatment plant engineers to determine whether VFDs 

are common practice on wastewater aerators). It could also include a review of available 

shipment or sales data or interviews of similar nonparticipating customers. Each approach has its 

own limitations. For example, shipment or sales data can be very expensive to obtain and the 

data may not be representative since some manufacturers, distributors and retailers might not be 

willing to release their data.  Or, surveys of nonparticipants who have recently purchase a 

particular measure must be representative, achieve a reasonable level of confidence and 

precision, address non-response bias, and reliably associate each claimed purchase with a model 

number and unit energy consumption.  The sources of error and how they propagate through the 

calculations are not trivial.  

To complicate matters further, there is the fact that participants self-select (Rossi, Lipsey 

and Freeman 2004) into any social action program, including energy efficiency programs. That 

is, those who decide to participate in a program may be predisposed to purchasing the efficient 

equipment prior to participation. Unless this is accounted for in the calculation, the net savings 
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will be overestimated
2
. Unfortunately, given the calculation, there are no reliable methods to 

statistically correct for this bias. 

Thus, both points of comparison contain some measurement error, the magnitude of 

which would be difficult if not impossible to estimate and control for. Furthermore, for such an 

approach to work requires that the estimate of current practice be valid and reliable, which can 

be rather expensive if one attempts to do this for multiple measure or measure groups within a 

given program.  

The adoption of the minimum efficient option available in the market has its own 

problems. Estimating this baseline faces the same problems discussed earlier in estimating 

current practice. However, there is another potentially significant source of error since a NTGR 

must be estimated to convert these gross savings into net savings. Such methods as the self-

report approach (SRA) and nested logit models have often been used to estimate NTGRs. The 

SRA involves asking one or more key participant decision-makers a series of closed and open-

ended questions about their motivations for installing the efficiency equipment, about whether 

they would have installed the same energy efficient equipment in the absence of the program, to 

establish the temporal precedence of the program, as well as questions that attempt to rule out 

rival explanations for the installation (Weiss 1972; Scriven 1976; Shadish 1991; Wholey et al. 

1994; Yin 1994; Mohr 1995; Rogers et al. 2000; Donaldson, Christie, & Mark 2008). While 

there are various methods available to mitigate various sources of error associated with the SRA 

(Ridge, Fagan and Willems 2009), some evaluators are skeptical that some keys sources of error 

can be adequately controlled (Peters and McRae 2008). One could use the nested logic approach 

to estimate a NTGR. This involves estimating two models, one that predicts the probability of 

participation in the program and one that predicts the probability of installing an efficient 

measure. Such an approach can be very data intensive, and if under-budgeted, cannot be counted 

upon to provide a reliable estimate of the NTGR. Primarily, it is the verification of the 

nonparticipant efficiency levels that both drive up the budget and introduce error. 

Conclusions 

While the authors agree that to refer to the difference between annual energy use 

associated with current practice and that of the rebated measure is not truly net savings, they 

disagree about how to proceed. One group is satisfied that it is sufficiently close to net to be 

accepted as net. Another group is worried that both points of comparison are so contaminated 

with measurement error that the difference between the two is so ambiguous as to be essentially 

useless.  

Ultimately, what one does is affected by the policies in a given jurisdiction regarding the 

required level of accuracy, confidence and precision, i.e., what counts as credible evidence will 

vary. We have identified four jurisdictions and regional bodies that have accepted this difference 

as net or at least a sufficiently reliable estimate of net. Once they are alerted to this problem, 

                                                           
2
 As suggested earlier, there are gradations in the way baseline assumptions are established in actual practice.  It is 

possible that some of these gradations may help to mitigate the problems associated with interpreting the difference 

between participant and current practice without raising other difficulties.  For example, from time to time the 

authors have seen the concept of “current practice” be operationalized as the modal action taken by non-participants.  

While the modal action taken by non-participants is itself a measure of central tendency, one might argue that it is 

less likely than the mean of the entire population to result in a meaningful adjustment in the direction of net savings.  
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other jurisdictions may agree with these four, or they may decide that the only alternative is to 

use MinEff baseline to estimate gross and that existing methods of estimating NTGRs are 

sufficiently reliable to adjust these gross savings. While different jurisdictions may develop 

different solutions to this problem, we argue that they can no longer ignore it since the potential 

for getting it wrong is enormous. 

Something that could be done very quickly would be to survey additional jurisdictions 

and regional bodies to assess whether and under what conditions they use current practice as the 

baseline and how they interpret the results. It would also be useful to know the extent to which 

the various interpretations of these savings have become controversial and how they are 

proposing to settle the issue.  

In the meantime, for those who have yet made up their minds, more research could be 

done to assess the magnitude of the problem and propose other solutions. For example, one could 

estimate net impacts using experimental or quasi-experimental designs and compare the resulting 

estimates of net savings to the savings using the current practice baseline. Note that for this to be 

a fair and, therefore, useful exercise, both approaches must be methodologically rigorous. If the 

results are similar, then one might be more willing to consider the difference in energy use 

between current practice and the efficient measure as net savings. On the other hand, if the 

results using the current practice baseline are much larger, then one might be more inclined to 

consider these results as gross or at least somewhere between net and gross. Of course, 

replicating the results of this experiment multiple times would reduce the uncertainty even more. 

An investment in such research would be well worth it if it could settle this important and 

emerging problem.   
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