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Abstract

There is a large untapped potential for improved energy efficiency in various sectors of the economy. 

Governmental industrial energy audit programs subsidizing the companies to conduct an energy audit are 

the most common policy in trying to overcome the energy efficiency gap. Evaluation studies have been 

carried out to gain knowledge about the success of a completed energy audit policy program. The 

evaluations were made in different ways and in addition focused on different performance indicators and 

used different ways of categorizing data. In this article, a literature review has been made of five evaluation 

studies from different energy audit programs, where the problems of the present incomparability between 

programs due to differences are discussed. The policy implication of this paper is that new energy audit 

policy programs must specify a harmonized way of categorizing data, both regarding energy efficiency 

measures and energy end-use. A proposition for a standard for how to evaluate energy audit policy programs 

is also described in the article. Conclusions from this study are that important elements, such as the free-

rider effect and harmonized energy end-use data, should be defined and included in evaluation studies. A 

harmonized standard for evaluating energy audit programs is not least needed within the EU, where member 

states are obliged to launch audit programs for large enterprises, and preferably also for small and medium-

sized enterprises. This paper serves as an important contribution for the development of such a standard in 

further research. 
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1. Introduction 

There is a large untapped potential for improved energy efficiency in various sectors of the economy. 

Governmental industrial energy audit programs subsidizing the companies to carry out an energy audit are 

the most common policy in trying to overcome the energy efficiency gap (Bertoldi, 2001). Energy audits 

are useful tools for identifying energy efficiency opportunities and energy saving potentials (Basurko et al., 

2013; Petek et al., 2016).  Energy audit policy programs therefore help companies to become more energy 

efficient, which in turn mitigates CO2 emissions (Bertoldi, 2001; Fleiter et al., 2012b). It is important to 

compare the results of these energy audit policy programs to allow policy makers to design energy audit 

programs as cost effective as possible (Price and Lu, 2011). However, there seem to be many different ways 

in which these programs are conducted and how they have been evaluated (Fleiter et al., 2012a; Price and 

Lu, 2011), which is why an international comparison can be difficult to accomplish. Issues connected to 

the evaluation of energy efficiency programs, namely technical, policy, and infrastructural issues, within 

the US context were analyzed by Vine et al. (2012), who highlights that differences in e.g. definition of 

energy impact or free-rider effect complicate the comparability between programs. Farla and Blok (2002) 

also note difficulties in comparing energy end-use data from Long-Term Agreements (LTAs) regarding 

energy intensity development with national statistical data in the Netherlands due to large differences. 

In order to adequately assess the successfulness and evaluate the outcome of an energy audit program with 

the aim to compose future appropriate national energy audit programs, it is important that the evaluations 

are conducted in a harmonized way, especially regarding performance indicators and elements such as cost 

effectiveness, energy savings and free-rider effect. Thomas et al. (2012) raise the need for harmonized 

methods for evaluation of energy savings from energy efficiency programs and propose methods to be used 

depending on the quality of data. However, in order to facilitate evaluation of energy savings and cost 

effectiveness of energy efficiency programs, particularly programs focused on energy audits, there is a need 

for both consistency and transparency in how the evaluations are made and how the energy efficiency 

measures (EEMs) are categorized. 



 
 

The aim of this study was therefore to evaluate the comparability of evaluation studies of energy audit 

policy programs. Energy audit policy program evaluations were studied to investigate comparability issues 

such as inconsistency in evaluation and how the EEMs are categorized. It is important to keep in mind that 

the programs include a number of elements which can differ from each other (Väisänen et al., 2003), 

including life span, amount of subsidy, type of industry (e.g. small and medium-sized enterprises1 (SMEs) 

or energy intensive), country where it is conducted, and number of participants. These differences might 

affect the comparability of the evaluation studies in different ways. The structure of the paper is as follows: 

an overview of program evaluation theory is presented first. Second, the method used for choosing which 

energy audit programs to study and how to analyze the comparability between them is explained, followed 

by a brief presentation of the chosen energy audit policy programs. Third, a section with the results of how 

the programs have been evaluated followed by a discussion of the findings. The paper ends with conclusions 

and policy implications. 

2. Public Policy Evaluation 

One role of evaluation in the context of public policies is to assess the impact of a policy program. The 

basic procedure, as Weiss (1998) explains, is to compare participants before the program is enacted and 

when the program is finished. This analytical process is especially relevant for public policy makers, as 

evaluations of old programs are needed to plan and design more effective future programs. Vedung (1997) 

defines evaluation as “careful retrospective assessment of the merit, worth, and value of administration, 

output, and outcome of governmental interventions, which is intended to play a role in future, practical 

situations”. Program evaluation is thus an important part of the lifecycle of public policy programs in order 

to develop programs with a more desirable outcome. The overarching point of interest as regards evaluation 

is to improve the performance of public policy and public interventions. An important part of evaluations 

                                                      
1 The definition of SMEs is usually defined by number of employees and varies depending on in which 
country the program has been conducted. 



 
 

to ameliorate, as investigated by Vine (2008), is that the presentation of evaluation results is, among other 

things, specific and relevant to the needs of the program. 

Apart from evaluating a policy program, the evaluation itself is as auditable as any other management 

process. This type of evaluation might be conducted by the evaluator him- or herself, where aspects such 

as methodological quality, readability, and care to stick to facts should be included in the investigation 

(Vedung, 1997). Furthermore, if a number of evaluations of similar kinds of programs have been made, it 

is possible to conduct a so-called meta-analysis or meta-evaluation, where data from multiple programs are 

put together and generalized (Weiss, 1998). Weiss (1998) mentions a few important purposes of doing 

meta-analysis, one of them being to investigate under which conditions the most desirable outcomes from 

a program are achieved. If successful, the meta-analysts might use the data from the different studies to 

map what actions and settings provide satisfactory outcomes more effectively than if only one evaluation 

was studied. For policy program designers, who cannot possibly acquire all available outcomes and results 

from different policy program evaluations, achieving outcomes generalized from multiple evaluations 

through a meta-evaluation can be of great value, e.g. under what conditions are more preferable results 

achieved? A meta-evaluation might offer a clearer explanation of effects than a single evaluation study 

might (Weiss, 1998). Weiss (1998) argues that the main advantage of a meta-evaluation is the improvement 

in estimation of program outcomes.  

Weiss (1998) mentions a few requirements that need to be fulfilled in order to conduct a meta-analysis: the 

programs should have common goals, similar measures for the outcome, and include similar activities. 

Therefore, in order to realize a meta-evaluation of energy efficiency programs, the different evaluation 

studies must contribute enough and adequate data as well as harmonized categorization of data. Stenqvist 

and Nilsson (2012) believe that the most ideal procedure is to develop a plan for evaluation in the early 

stages of designing a policy instrument. This would most likely reduce the number of assumptions needed 

in the evaluation and allow an integration of relevant program data. 



 
 

3. Method 

Five evaluation papers of energy audit programs from Australia, Germany, Sweden and the United States 

have been studied in depth. These papers were chosen as they represent well-known energy audit program 

evaluations from different countries and have been cited multiple times. The methodology follows a 

multiple-case holistic design, as explained by Yin (2014), where the studied papers are used for analytic 

generalization of the proposed hypothesis – that a harmonization of elements is needed to achieve 

comparability between evaluations. The findings are then assessed in the context of policy implications, 

where an analysis is made of how to facilitate for public policy makers to use the comparison of energy 

audit program evaluations to design future cost effective programs. 

Still, other evaluations could potentially have been included in this study, but these five evaluations were 

deemed by the authors to fulfill the purpose of the paper, displaying what differences or similarities exist 

in various evaluations. However, additional studies of other energy audit program evaluations might not 

only enhance the results from this study by further assess the comparability and the need for a harmonized 

standard for categorizing energy end-use data, but also develop further guidelines for how to evaluate 

energy audit policy programs. 

The elements that were investigated in the chosen evaluations were whether financing of energy audit, 

public and firm cost effectiveness, discount rates, free-rider effect, control group, energy savings, and CO2 

reduction were included. If so, the way the results were presented in the program evaluations in terms of 

performance indicators, payback time, and categorization of implemented measures were compared. In 

addition to this, the data collection method used in the evaluation studies is presented. 

4. Energy audit policy programs 

Anderson and Newell (2004) evaluated an energy audit program in the US, the Industrial Assessment 

Centers (IAC) program. The program included more than 10,000 energy audits from between 1981 and 

2000. The participating firms had less than 500 employees and an annual energy bill of between US$ 

100,000 and US$ 2,000,000. 



 
 

In Australia, a program called Commonwealth Government’s Enterprise Energy Audit Program (EEAP) 

operated between 1991 and 1997 (Harris et al., 2000). Around 1,200 firms participated, most of them non-

SMEs with an average of 297 employees. 

In 2008, an energy audit program for SMEs was introduced in Germany and the first two years of the 

program were evaluated by Fleiter et al. (2012a). The program offered grants for energy audits that covered 

most of the cost. 10,400 audits were approved during the evaluated period; of these, 80% were initial audits 

and 20% comprehensive audits. About 50% of the participating firms had fewer than 20 employees while 

the mean participating firm had 38. 

The industrial energy efficiency program Project Highland was conducted in Sweden between 2003 and 

2008, focusing exclusively on SMEs (Thollander et al., 2007). The firms were each given an energy audit, 

although no complete audit was made due to the risk of unfair competition. Therefore, the auditors were 

restricted to conducting the energy audits during two days; the first day to be spent on a field visit and the 

second on compiling the data and writing their report. 

While Project Highland was performed in a certain region in Sweden, a follow-up national program directed 

at Swedish industrial SMEs was adopted in 2010 to give the companies energy audit checks (Thollander 

and Dotzauer, 2010). SMEs using more than 500 MWh annually were included and the program was set to 

continue for five years until 2014 with the aim of conducting energy audits for 900 companies. Companies 

could apply for financial support for 50 percent of the cost of an energy audit, up to a maximum of € 3,0002 

(Lublin and Lock, 2013). 

5. Energy audit policy program evaluation 

When the energy audit policy programs were evaluated, the results may have been affected by the level of 

detail of the energy audits made in the different programs or even at an individual firm. ISO 50002 states 

that “Organizations may adjust the level of detail of the energy audit between type 1 and type 3 to suit the 

                                                      
2 In order to compare figures, 1 euro was assumed to be equivalent to 10 SEK. 



 
 

needs of the organization.” (International Organization of Standardization, 2014), where the different types 

basically imply different levels of details in the audit made. The level of detail in the audits was seldom 

explained in the published policy evaluation studies, and this should therefore be kept in mind when 

analyzing their results. 

The IAC study was conducted by analyzing records stored in the IAC database. In the assessment of the 

program, the EEMs were classified into eight different types, for example building and grounds, motor 

systems, and thermal systems in order to capture the heterogeneity in different type of measures. The authors 

used estimated implementation cost and annual operating cost savings from the IAC database to calculate 

the payback time for each EEM. Free-riders were not taken into account. The average energy price was 

calculated for each EEM by dividing annual savings by the quantity of saved energy. The prices of different 

energy types were normalized to have a mean value of one (1) in order to make the prices comparable. In 

the evaluation study of the IAC, implicit discount rates were calculated assuming a project lifetime of ten 

years. Therefore, the rate was calculated for each measure implemented. Firm cost effectiveness was 

presented in saved US$ and total energy savings were presented in Btu/year. No indicators of program cost 

effectiveness or reduction of CO2 were presented. 

The method used to evaluate the EEAP was to interview 100 of the participating firms, where each interview 

was made by telephone and lasted around 30 minutes. Before the interview a number of questions had been 

prepared, which were denominated either as general information questions, decision rule questions or 

sources of risk questions. The evaluation was made two years after the program ended. The suggested 

measures were divided into 14 categories, ranging from lighting and air conditioning to boilers and steam 

production. The most common recommendations were categorized as lighting and general suggestions. 

When calculating pay off times for the suggested measures, six different discount rates were used: 6, 8, 10, 

12, 15, and 20%. To calculate the cost effectiveness for each participating firm, the evaluation study put 

together the average value of implementations made by the companies and calculated a mean total net 

present value for different discount rates for all the firms’ implemented measures, and presented them in 

one table. However, no categorization of type of implementation was made. From the figures presented, 



 
 

average savings for an implementation depending on investment lifetime and discount rate can be obtained 

in A$. However, no information regarding energy savings in kWh for either the firms or the public was 

provided in the evaluation study, and no account was taken of possible free-rider effects. No CO2 reduction 

was presented either. 

In the evaluation of the German energy audit program, the data was collected from an online survey among 

the firms with a response rate of 12%. In addition to this, 107 audit reports and statistics from the KfW, the 

German bank that managed the project, was analyzed. The participating firms were not required to report 

achieved energy savings, and the energy savings resulting from the program were therefore calculated from 

the results of the survey. The number of measures implemented in each firm was not included in the audit 

reports but was cross-checked with the survey. The net energy savings were calculated with and without 

taking free-rider effect into account, which was stated through a question in the survey of which EEMs 

were definitely planned to be implemented, and the results for the entire program were extrapolated from 

the sample. Many EEMs had not yet been implemented due to the short time between the audit and the 

evaluation, therefore the evaluators assumed that 50% of the measures that would “possibly” be 

implemented were implemented and all measures that would “certainly” be implemented were 

implemented. Because of the uncertainty in the lifetime of EEMs and future energy prices, a lower and an 

upper boundary of the profitability were calculated. The net present value from the measures was calculated 

with a firm, public, and societal perspective with assumed discount rates of 15, 3, and 3 %, respectively. In 

the calculations, EEMs that were certainly planned before the audits were excluded to correct for the free-

rider effect. This was stated through a question in the survey. The measures were divided into 13 different 

types. For each type of measure, different mean project lifetimes were used, ranging from three to thirty 

years. The authors presented firm cost effectiveness in €/MWh and €, program cost effectiveness in €/MWh, 

total energy savings in PJ/year, and CO2 reduction in kt CO2/year. 

The energy audits for Project Highland were conducted by Energy agency of South East Sweden (ESS). A 

questionnaire with individual questions for each firm was prepared to evaluate the project. This 

questionnaire was sent by mail and in some cases complemented by interviews. The different measures 



 
 

were divided into eight categories. One was called production processes and included all types of 

production-related processes, while the remainder were related to support processes such as space heating, 

lighting, etc. It is important to bear in mind that the program was directed at non-energy-intensive firms 

and SMEs. This might affect the total number of measures as well as the number of categories of suggested 

measures, in the sense that the firms’ main energy usage might not be from the production processes. In 

this evaluation study, an energy saving potential for the whole program was presented in terms of energy 

saved per year for both electricity and other energy carriers (in MWh/year). Furthermore, the evaluation 

study presents saved energy per public euro invested in the program in kWh/€. To estimate the free-rider 

effect for Project Highland, Thollander et al. (2007) asked the six firms with the highest adoption rate and 

the five firms with the lowest adoption rate if they would have implemented the EEMs even without the 

energy audit. No indicators of firm cost effectiveness or CO2 reduction were presented. No payback times 

for the firms were calculated and therefore no discount rate was used. 

For the energy efficiency program, where Swedish industrial SMEs were given energy audit checks, an ex-

ante evaluation was made for the program’s cost effectiveness (Thollander and Dotzauer, 2010). To 

estimate the free-rider effect, Thollander and Dotzauer (2010) refer to the study by Thollander et al. (2007), 

where firms state that the measures would not have been implemented without the audit. They further 

address the free-rider effect that the companies would have made an energy audit even without the program 

by relying on a previous study by Väisänen (2003), who argues that this specific free-rider effect is very 

low for industrial energy audit programs. Based on the evaluation of Project Highland by Thollander et al. 

(2007), the public costs have been estimated for the program (in kWh/€), as well as a total estimation of 

potential energy savings (in MWh/year). Even though the program differs from Project Highland since the 

audit subsidy covers only 50% of the cost, an estimation could be made. The degree of a possible free-rider 

effect was taken into account through a comparison with Project Highland and studies of other European 

programs. However, as in Project Highland, no firm cost effectiveness or CO2 reduction was presented. 

None of the evaluation studies used a control group not affected by the energy audit program to assess the 

impact difference. Fleiter et al. (2012a) mention the use of a control group, but argue that they could not do 



 
 

so due to too low a response rate from the companies in the program. How each of the evaluation studies 

presented its performance indicators and other elements is summarized in Table 1.



 
 

Table 1. Comparison between different energy audit program evaluation studies 

Evaluation 
study; 
program; 
country 

Time 
span 
[years] 

No of 
parti-
cipants 

No of 
measure 
cate-
gories 

Life-
time of 
EEMs 
[years] 

Discount 
rate used 
[%] 

Free-rider 
effect taken 

into 
account 

Control 
group 
used 

Data 
collection 
method 

Performance indicators 

Firm cost 
effective-

ness 

Program cost 
effectiveness 

Total 
energy 
savings 

CO2 
reduction 

Anderson 
and Newell 
(2004); 
IAC; USA 

20 9034 8 10 Implicit 
discount 
rate 

No No Database Yes 
[US$] 

No Yes 
[Btu/year] 

No 

Harris et al. 
(2000); 
EEAP; 
Australia 

6 1200 14 1-10 6, 8, 10, 
12, 15 and 
20 

No No Questionnaire 
over tele-
phone, strati-
fied random 
sampling 

Yes 
[A$] 

No No No 

Fleiter et al. 
(2012a); 
Germany 
energy audit 
program; 
Germany 

2 10400 13 3-30a 15 (firm), 
3 (public), 
3 (society)  

Yesb,c No Online survey, 
audit reports 
and program 
statistics 

Yes 
[€/MWh] 
and [€] 

Yesd 
[€/MWh] and 
[€] 

Yes 
[PJ/year] 

Yes 
[kt CO2/year] 

Thollander 
et al.  
(2007); 
Project 
Highland; 
Sweden 

5 340 8 - - Yesb No Questionnaire 
and interviews 

Yes 
[kWh/€] 

Yes [kWh/€] Yes 
[GWh/year] 

No 

Thollander 
and 
Dotzauer 
(2010); 
Swedish 
energy audit 
program; 
Sweden 

5 900 - - - Yesc No Estimated cost 
effectiveness 
based on other 
programs 
calculations 

No Yes 
[€/kWh] 

Yes 
[GWh/year] 

No 

a) Depending on type of measure. 
b) Free-rider effect meaning that the companies would have implemented the EEMs even without the program. 
c) Free-rider effect meaning that the companies would have made an energy audit even without the program. 
d) Calculated cost for both public and society. 



 
 

 

6. Discussion 

The results of this study show that there are differences in how the evaluation studies of the energy audit 

programs were conducted and how the results are presented. Even if a single evaluation has been clear in 

methodology and presentation of results, the comparison between the evaluations shows that number of 

categories as well as type of categorization of measures differ between the studies. It is clear that there is 

lack of consistency in how the measures are categorized. Only four out of 24 categories are common to 

Fleiter et al. (2012a), Harris et al. (2000) and Thollander et al. (2007), as shown in Figure 1. The taxonomy 

of EEMs by Anderson and Newell (2004) differed most and did not have any category in common with the 

other evaluation studies. Regarding the study by Thollander and Dotzauer (2010), as they made an ex-ante 

evaluation of a program, the results investigate only the cost effectiveness based on a number of studies 

(Thollander et al. (2007) among others), hence do not present any categories of measures. As a consequence, 

the energy efficiency and cost saving potentials for one category in one program cannot be compared to the 

potentials of the same category in another program. Furthermore, none of the studies presents a definition 

of what a measure is and therefore the number of measures presented in the evaluations cannot be compared 

either. For example, one evaluator might categorize lighting control and replacement of fluorescent lamps 

as one single measure, while another evaluator categorizes them as two different measures. It might even 

be categorized by an evaluator as one behavioral measure and one lighting measure. 

The performing of an energy audit affects the categorization of measures and availability of data. Such a 

categorization should be made prior to the energy audits being conducted to facilitate for policy evaluation 

studies to use common categories for measures. ISO 50002, which has entered into force, does not mention 

how the categorization of EEMs and energy end-use data should be made. In fact, there is a lack of common 

ways to categorize EEMs for SMEs, as also noted by Thollander et al. (2015). In light of the strategic 

attempt by the European Commission to try and harmonize data for the building sector (EEFIG, 2015), a 

similar work for industrial companies would be highly needed. 



 
 

ISO 50002 addresses the possibilities for each auditor to adapt the level of detail of the audit between type 

1 and type 3 to suit the needs of the company, where a more detailed level (type 3) generally requires more 

measurements. As this may be flexible for auditors and companies, it may at the same time affect how much 

data is available, where some audits are more comprehensive and provide more energy data than others. 

Only Thollander et al. (2007) mention the level of detail of the audits in the program, but none of the 

evaluation studies describes the level applied thoroughly. If reported, information regarding the level of the 

energy audits could increase the comparability of the studies. 

Further, a comprehensive energy audit on a detailed level is to be preferred as it can bring additional benefits 

for individual industrial companies as well, inspiring them to work continuously with energy efficiency by 

incorporating it into the company’s or organization’s management. Performance indicators connected to 

energy end-use could then be developed as energy-related key performance indicators (KPIs) to be 

monitored. In an industrial company’s work with energy management, formal management controls, such 

as measuring performance, are found by Schulze and Heidenreich (2016) to strengthen energy efficiency. 

Schulze et al. (2016) mention controlling and monitoring of energy use, including the use of relevant KPIs, 

as one of five key elements in an integrative work with energy management. 

Table 1 shows that the performance indicators used in the studies differ. All studies have used cost 

effectiveness as an indicator of performance, either for firm, program or both. If a comparison of cost 

effectiveness between energy audit policy programs is to be made, the performance indicators should 

match. Fleiter et al. (2012a) presented total cost savings per firm as well as cost savings for each saved 

MWh, while Harris et al. (2000) and Anderson and Newell (2004) presented only the total cost savings per 

firm. This indicates that even if firm cost effectiveness has been calculated, it has been presented in different 

ways. 

Furthermore, regardless if whether the performance indicators match or not, results show that the way in 

which they have been calculated differs. For example, Fleiter et al. (2012a) calculated firm cost 

effectiveness using investment costs, firms’ share of the audit costs, and energy cost savings, while Harris 

et al. (2000) used the costs and benefits provided by the auditors from the investments implemented by the 



 
 

firms, although not explicitly explaining how the calculations were made. Thollander et al. (2007) 

calculated the private capital spent by dividing the total energy saved by the companies’ investment costs. 

In addition, different discount rates as well as different lifetimes for EEMs have been used in the programs, 

which affects the firm cost effectiveness. Thollander and Dotzauer (2010) did not calculate firm cost 

effectiveness, which means that this study cannot be compared with the other studies in respect of this 

performance indicator. Instead, they presented a program cost effectiveness, which was estimated based on 

the evaluation of Project Highland made by Thollander et al. (2007), who calculated the program cost 

effectiveness by dividing the total energy saved by the total amount of subsidy and administration costs. 

While keeping in mind that Thollander and Dotzauer (2010) made an ex-ante evaluation, the estimation 

differs from the calculation made by Fleiter et al. (2012a), who estimated the total public costs by adding 

together the program costs (monitoring and the processing of application, etc.) and the public share of the 

audit costs, also including the public discount rate and the lifetime of EEMs. 

Table 1 also shows that the total energy savings of the programs have been presented in four of the 

evaluation studies. In three of these studies, program cost effectiveness has been calculated as well. The 

Swedish government emphasizes that an energy efficiency program should have a certain cost effectiveness 

in order to conduct it (Thollander and Dotzauer, 2010) and program cost effectiveness is therefore a vital 

performance indicator for policy makers. Furthermore, even though this study applies a bottom-up 

approach, it is worth mentioning that none of the evaluation studies corrected for structural effects. 

As Weiss (1998) points out, to be able to conduct a meta-analysis of different programs they need to have 

a certain degree of similarity as regards goals, measures, and activities. Therefore, in order to achieve 

evaluation and comparison of multiple energy efficiency programs, with common goals and measures, a 

general standardization of program evaluations should be pursued. Vine et al. (2012) have stressed the 

importance of a national protocol in the US in the pursuit of higher quality standards for evaluations of 

energy efficiency programs. They emphasize that a national protocol should include common elements for 

e.g. definitions, methods, saving values, and formats of reporting results. In addition, Vine et al. (2012) 

mention that the use of consistent elements potentially allows energy savings from different evaluations to 



 
 

be compared. This should be sought within the EU as well, where a standard and a protocol for evaluation 

of energy audit programs would greatly help increase comparability between program evaluations. Such a 

standard would benefit from also including guidance for how to plan for evaluation already in the design 

phase of an energy audit program, as mentioned by Stenqvist and Nilsson (2012). 

Another important aspect regarding program cost effectiveness is the free-rider effect. Table 1 shows that 

three of the evaluation studies have taken this effect into account, but in different ways. Thollander et al. 

(2007) take measures that would have been implemented even without the energy audit into account, while 

Thollander and Dotzauer (2010) take the free-rider effect into account in the sense that the energy audit 

would have been made even without the programs. Fleiter et al. (2012a) address both these types of free-

rider effect. In the other two studies, the free-rider effect was not mentioned at all. Fleiter et al. (2012a) 

claim the effect of EEMs that would have been implemented even without the program to be 20.9% and 

the amount of audits that would have been made without the program to be 9.1%. Thollander and Dotzauer 

(2010) argue that research has shown the free-rider effect to be very low. Thollander et al. (2007) claim the 

free-rider effect to be zero, however. The free-rider effect is important to estimate since it affects the cost 

effectiveness of the program, which in turn is an essential indicator for policy makers. The free-rider effect 

could have been included in those evaluations where interviews or surveys were used by simply adding a 

question. This paper reveals both a need for this to be included, but also for further research on how to 

properly estimate the free-rider effect. 

Both methods for estimating the free-rider effect have their advantages and disadvantages. Making the 

assessment by asking the industrial companies if they would have made an energy audit even without the 

program (and the subsidy) tells us how many energy audits were made thanks to the specific program. 

However, estimating the free-rider effect by how many of the EEMs that still would have been implemented 

without an energy audit opens up the possibility of a more detailed assessment where an aggregated 

calculation of the cost-effectiveness of the program can be made down to each EEM. This means that a 

higher-quality estimation of the free-rider effect is attainable, but is also more demanding for both auditors 

and companies as well as entailing a risk of arbitrary assessments, e.g. a company assert they would 



 
 

implement an EEM, while in reality they actually would not. With this said, which method would be most 

appropriate to determine the free-rider effect should be investigated in further research, but most 

importantly it needs to be comparable across different energy audit program evaluations. 

In cost-benefit analysis, there are a number of methods for determining otherwise unmeasurable values, 

such as the free-rider effect, where all the methods are categorized as either revealed preference or stated 

preference (Mattsson, 2006; Kaval and Baskaran, 2013). The revealed preference method determines the 

value through observing human behavior, i.e. reveals desired information without directly asking for it 

(Mattsson, 2006). The stated preference method on the other hand is based on actually asking individuals 

the value of an element by means of interviews or questionnaires. 

The most straightforward way of estimating the free-rider effect may be by including a question in a 

questionnaire or in an interview session (stated preference). However, estimating the free-rider effect 

through direct questions in interviews or questionnaires might risk being deceptive in that respondents claim 

that they, in all honesty, did not plan to conduct an energy audit if it were not for the policy program. This 

might be true at the time when the program was first initiated, but as factors change over time, e.g. energy 

prices rise, this first statement might be shifted towards another in the end; that an energy audit was actually 

going to be conducted, only later than at the time of the program’s initiation. 

Either way, it can be difficult to find a suitable control group to estimate the impact difference, as argued 

by Vedung (1997), who implies that this experimental design is more or less impossible to attain in the 

evaluation of a policy program. It could be argued that the programs could have used a control group 

consisting of eligible companies for economic support but that did not participate, but these already differ 

in their choice to not participate from the beginning, which proves a lack of interest in pursuing energy 

efficiency. Finding a physical copy of a group with exactly the same conditions as the targeted group, who 

are also unaffected by other political, economic, and social factors, will most likely be a fruitless search. 

This does not only apply to the free-rider effect, but to other elements in an evaluation as well. 

Table 2 presents an overview of what should be included in an evaluation study depending on its level of 

detail. The suggestion is made from policy makers’ point of view in order to facilitate for them to adequately 



 
 

assess the successfulness of different energy audit policy programs and compare their cost effectiveness. 

Thus, this also implies that an evaluation study should at minimum include an estimation of the free-rider 

effect and a calculation of program cost effectiveness. However, standard definitions of the different 

elements are needed, especially for the free-rider effect, which this study shows is handled in different 

ways. 

 

Figure 1: Diagram showing the different and common categories for the four studies by Fleiter et al. (2012), Harris et al. (2000), 
Thollander et al. (2007), and Anderson and Newell (2004). At the intersections the categories that the studies have in common are 
listed, e.g. lighting is a category in all of the studies while the category space heating is used only by Harris et al. (2000) and 
Thollander et al. (2007). None of the eight categories presented in the study by Anderson and Newell (2004) was common to any 
of the other studies and these are therefore shown as a distinct sphere. The study by Thollander and Dotzauer (2010) did not 
present any categorization of measures, why that study is not present in this figure.



 
 

Table 2. Suggestions for how to assess the elements in three different level of detail of energy audit program evaluation study. 

 

Level of 
detail of 
evaluation 
study 

Discount 
rate [%] 

Free-rider 
effect 

Data 
collection 
method 

Multi-variate 
approach 

Performance indicators 
Firm cost effective-

ness 
Program cost 
effectiveness 

Total energy 
savings 

CO2 
reduction 

Minimum 
require-
ments for 
evaluation 
study 

Does not 
have to be 
used in 
calculations 

Should be 
accounted for 

Might be 
included 

Does not have 
to be used in 
calculations 

Does not have to be 
calculated 

Should be 
calculated and 
presented in 
[€/MWh] 

Should be 
calculated 

Does not 
have to be 
calculated 

Recom-
mended 
require-
ments for 
evaluation 
study 

At least one 
should be 
used in 
calculations 
of firm cost 
effectiveness 

Should be 
accounted for 

Should be 
included 

Might be used 
in calculations 

Should be calculated Should be 
calculated and 
presented in 
[€/kWh] and [€] 

Should be 
calculated 

Might be 
calculated 

Thorough 
evaluation 
study 

Several 
should be 
used in  
calculations 
of firm cost 
effectiveness 

Should be 
accounted for 
as a question 
in interview or 
questionnaire 

Should be 
included 

Should be 
used in 
calculations 

Should be calculated 
and presented in 
[€/kWh] 

Should be 
calculated and 
presented in 
[€/kWh] and [€] 

Should be 
calculated 

Should be 
calculated 



 
 

7. Conclusions and policy implications 

The aim of this paper was to evaluate the comparability of evaluation studies of energy audit policy 

programs by investigating five different energy audit policy program evaluations. The choice of method 

and the sample of evaluations affect the results but the conclusions would not likely change even if more 

evaluations had been studied. Results show that the categorization of EEMs differs between the evaluation 

studies, which makes them difficult to compare. As a conclusion, more consistency in how categorizations 

are made is needed. This could be included in available standards for energy audits, e.g. ISO 50002, and 

would greatly increase the possibility for a common categorization in different evaluation studies, which 

would increase their comparability. More comprehensive energy audits would also improve the quality of 

available energy data and proposed EEMs, as well as facilitate for industrial companies to work 

continuously with energy efficiency and would be a first step towards introducing energy management. 

Performance indicators for the presented evaluation studies differ from each other. As already mentioned, 

this makes comparison difficult. Guidelines for what performance indicators should be presented in 

evaluation studies as well as how they should be calculated would increase the comparability. The 

guidelines should state the lifetime of EEMs, which discount rates to use, etc. However, even if standards 

are possible in respect of how to conduct an energy audit policy program evaluation, standards for policy 

research such as evaluations of energy efficiency policy programs might not be accepted by scientists from 

different backgrounds. 

The policy implication of this paper is that new energy audit policy programs must distinguish a harmonized 

way of categorizing data for both measures and energy end-use. This will leave policy makers and 

researchers with an answer to the essential question: in which processes is energy in fact used, and where 

is the largest potential found? Further, a standard for how to evaluate energy audit policy programs is 

suggested that allows comparison between countries and regions. A harmonized data categorization and a 

harmonized standard for how to evaluate audit programs are not least needed within the EU, where member 

states are obliged to launch audit programs for large enterprises, and preferably also for SMEs. 



 
 

Such a standard should include a minimum of assessments of included elements. As the free-rider effect is 

important as regards the cost effectiveness of a program, this should always be included as a question in an 

evaluation study. As for the performance indicators, the most important to be addressed in an evaluation 

study are program cost effectiveness and total energy savings. The calculation of these should be similar, 

made in a straightforward way, and presented in Euro per unit of energy end-use, preferably also using a 

few different discount rates but most importantly the same discount rate. The other elements in an 

evaluation might be considered to be assessed in a more detailed, thorough energy audit program evaluation, 

although still include the minimum criteria. The development of a methodology to use, however, should be 

further researched, where a protocol for energy audit program design should be developed as well. 
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