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Abstract
In light of alleged un-tapped potentials for cost effective en-
ergy savings in the industrial sector various policies have 
been implemented to overcome barriers to the adoption of 
energy efficiency measures by companies. Especially, small 
and medium-sized companies (SMEs) are supported in their 
adoption decision by informational and financial instruments. 
To adequately design these instruments a thorough under-
standing about their mechanism is crucial. Thus, this paper 
investigates the impact of two financial instruments (funding 
for cross-cutting (CC) technologies, low-interest loan) in ad-
dition to an informational instrument (energy audit) on the 
adoption of four generic energy efficiency measures in SMEs 
in Germany. Based on 766 observations, we apply t-tests and 
propensity score matching techniques to estimate the effects of 
these instruments. Findings suggest that the financial instru-
ments in addition to an energy audit accelerate the adoption, 
but effectiveness varies by technologies. Based on a t-test, the 
adoption rate for insulation is 15 % and for heating 19 % higher 
for companies which used a low-interest loan (and an energy 
audit) compared to companies which only had an energy au-
dit. For lighting, the adoption rate is nearly 12 % higher for 
companies which used the CC technologies programme (and 
an energy audit) compared to the control group. The propen-
sity score matching results differ: To adopt measures for in-
sulation the propensity is 12 %, for heating optimization 12% 
and for heating about 25 % higher for companies which used 

a low-interest loan (and energy audit) compared to the control 
group. Regarding lighting we do not find a significant effect of 
the CC technologies programme on the adoption. Findings in-
dicate that estimates of policy effectiveness by t-tests might be 
misleading, i.e. overestimating the effectiveness regarding the 
adoption of measures for lighting, insulation and heating op-
timization, and underestimating the effectiveness for heating. 

Introduction
In light of the alleged un-tapped potential for cost effective en-
ergy savings in the industrial sector (e.g. Boßmann et al. 2012) 
which is, among other things, mainly inhibited by lack of infor-
mation, capital (e.g. Schleich 2009, Schleich and Gruber 2008), 
principal-agent relationships and company absorptive capacity 
(Olsthoorn et al. 2017), policy makers try to overcome these 
barriers by establishing different policy instruments. For this 
purpose numerous policy instruments have been implemented, 
ranging from regulatory approaches such as mandatory energy 
audits (Hirzel et al. 2016), voluntary approaches such as agree-
ments among others applied in Bulgaria, Finland, Netherlands 
and Switzerland (Nabitz et al. 2016), financial instruments 
such as funding programs for the adoption of cross-cutting 
or production technologies (BMWi 2016) as well as informa-
tion instruments such as energy audits (Mai et al. 2014). To 
adequately design these instruments an understanding about 
their impact, mechanism and interdependency is crucial. Thus, 
the aim of this paper is to investigate the impact of two different 
financial instruments, in this case a funding for cross-cutting 
technologies as well as low interest loans in addition to an in-
formational instrument, an energy audit, on the adoption of 
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energy efficiency measures in small and medium sized enter-
prises (SMEs). For this purpose, we employ propensity score 
matching estimators to econometrically analyse the impact of 
the two different policy instruments separately. 

In the literature so far only a few empirical analyses dealt 
with the impact of more than one policy instrument at once. 
The lack of empirical analyses may among others be caused by 
a lack of ex-post data across various instruments. The major-
ity of these papers investigate the interaction of the European 
Emission Trading System (EU ETS) with other national instru-
ments (e.g. Kautto et al. 2012, OECD 2011). Newell et al. (1999) 
find that price policies may only be effective in combination 
with other policies such as standards, labelling or informa-
tion campaigns. Other research in the field of energy efficiency 
often analyses the impact of only one policy instrument, e.g. 
Fleiter et al. (2015) investigate the impact of the German en-
ergy audit program and find that firms adopt 1.7–2.9 more 
energy efficiency measures than without the program. Back-
lund and Thollander (2015) analysed the Swedish energy audit 
programme and find that firms adopted 53 % of the proposed 
energy efficiency measures. 

Our approach differs from the existing literature in the fol-
lowing aspects: First, we analyse the impact of two different 
policy instruments in addition to an energy audit. Second, we 
apply propensity score matching techniques to estimate the av-
erage treatment effect (ATT) of the two policy instruments in 
addition to an energy audit on the adoption decision of four ge-
neric energy efficiency measures. From a methodological point 
of view this makes it possible to generalize our findings and 
thereby draw conclusions for future policy making. In addition, 
this statistical method allows us to compare the adoption rate 
of treated and non-treated companies with similar characteris-
tics and therefore to control for confounding factors.

The paper is organised as follows: Section  2 explains the 
categorization and definition of instruments, their underlying 
mechanism as well as the current policy background in Ger-
many. Section 3 describes the data set used for the empirical 
analysis and presents the methodology applied by briefly ex-
plaining the Propensity Score Matching Technique. Section 4 
presents the main results of the t-tests as well as the matching 
results. The final section summarizes our findings and con-
cludes the paper. 

Background
To overcome existing informational barriers energy audits 
are among others suitable concepts for companies to im-
prove their knowledge about the energy consumption as well 
as about energy saving potential. Subsidies for energy audits 
are a common policy instrument to overcome market failure 
caused by imperfect information in energy technology and 
capital markets, a frequently cited barrier to EEM adoption 
in organizations (e.g. Schleich 2004, Anderson and New-
ell 2004, Thollander and Palm 2013, Olsthoorn et al. 2017). 
Current EU regulation, Article  8 of the Energy Efficiency 
Directive 2012/27, requires audits for large enterprises only 
and Member States must “encourage SMEs to undergo” them 
(EC  2012). Thus, German policy makers are fostering the 
implementation of energy audits in SMEs by a funding pro-
gramme besides mandatory energy audits for large compa-

nies. Although energy audits have been found to be a suitable 
concept to increase industrial energy efficiency (Schleich et 
al. 2015), empirical results demonstrate that often only part 
of the recommendations are implemented (see for example 
Table  6 in Fleiter et al. 2012). In addition, access to capital 
and difficulties financing investments in energy efficiency has 
been identified as one of the most important barriers in lit-
erature (e.g. Schleich and Gruber 2008, Thollander and Palm 
2013). This is the reason why policy makers established ad-
ditional financial instruments to motivate companies to re-
alise the recommended energy efficiency measures. Financial 
instruments can be divided into direct and indirect subsidies. 
Indirect incentives or taxes and charges either impose a fee on 
each unit of undesirable activity, i.e. on energy demand and/or 
direct related emissions, or are based on direct payments such 
as tax reductions, price supports or equivalent mechanisms 
(e.g. Gupta et al. 2007, Sprenger 2000). Our analysis focuses on 
two different direct financial instruments: This is firstly a fund-
ing programme for cross-cutting technologies by which since 
2012 the German Federal Ministry for Economic Affairs and 
Energy supports SMEs for an investment in energy efficient 
cross-cutting technologies1. Secondly, some companies made 
use of a low-interest loan administered by KfW, the German 
Bank of Reconstruction. This loan is among others accessible 
for all investments concerning machinery and equipment in 
the field of energy efficiency. Companies may apply for both 
types of financial measures. Continuously monitoring and 
evaluating these instruments is expected to contribute to im-
prove effectiveness and efficiency. For this purpose, our paper 
provides valuable empirical insights by studying the impact of 
financial policy instruments in addition to an informational 
intervention (energy audit).

Data and Methodology

DATA
We use data from a survey of companies in 2014 which vol-
untarily participated in the German SME Energy Consulting 
Program (called “Energieberatung Mittelstand”) launched 
by the Federal Ministry for Economic Affairs and Energy 
in 2008. This data has been generated during an evaluation 
of this programme by Mai et al. (2014). The program sup-
ports SMEs to conduct an energy audit and thereby to im-
prove their knowledge on energy consumption as well as on 
energy saving potentials. For this purpose, it offers financial 
support for screening and detailed energy audits by qualified 
and independent consultants. Our original sample consists 
of 1,471 observations which all had an energy audit funded 
by this program. A sub-sample additionally used funding for 
cross-cutting technologies and/or low-interest loans for the 
implementation of subsequent energy efficiency measures. 
After removing missing values for our calculation our final 
sample consists of 766 observations. The distribution of vari-
ables in the final and original sample is rather similar. Table 1 

1. Eligible technologies include, among others, electric motors and drives, pumps, 
HVAC systems, compressed air systems, heat recovery systems and waste heat 
recovery (only for air conditioning systems and compressed air systems) (BMWi 
2016).



2. POLICY: GOVERNANCE, DESIGN, IMPLEMENTATION AND …

	 ECEEE SUMMER STUDY PROCEEDINGS  395     

2-193-17 NABITZ ET AL

summarizes the descriptive statistics for all variables in the 
data set. Most companies belong to metallurgy (20.7 %) and 
other energy intense production (20.0 %) followed by oth-
er services (13.8  %), other non-energy intense production 
(10.8 %), other trade (10.6 %), hospitality (10.2 %), food trade 
(8.8 %) as well as car sales (5.1 %).

In our sample, 95 companies made use of the funding from 
the cross- cutting technologies programme only, 81 made use 
of a loan only, 37 companies made use of both instruments, and 
553 companies used neither of the two instruments.

METHODOLOGY
We analyse the effects of two different financial instruments in 
addition to an energy audit on the adoption of energy efficiency 
measures in four fairly generic energy efficiency technologies: 
(1) lighting, (2) thermal insulation of buildings, (3) exchange 
of heating system and (4) optimization of the heating system. 
To investigate the differences regarding the adoption of energy 
efficiency measures between the three groups 

1.	 companies which only made use of an energy audit (Group 
Audit only),

2.	 companies which made use of an energy audit and of a 
funding provided by the program “cross-cutting technolo-
gies (Group Audit & CC) and

3.	 companies which made use of an energy audit and of a low-
interest loan (Group Audit & Loan).

So, observations on companies which used both financ-
ing instruments are used twice, once in Group Audit & CC 

and in Group Audit & Loan. In a first step, we perform sim-
ple t-tests using the t.test function in R (R core team 2016) 
which allows for unequal variances. In a second step, relying 
on the Roy-Rubin potential outcome evaluation framework 
(Roy 1951, Rubin 1974), we employ non parametric propen-
sity score matching algorithms to estimate the effects on the 
adoption of energy efficiency measures for companies which 
made use of one of the financial instruments in addition to 
an energy audit. In particular, we are interested in ATT (the 
average effect of treatment on the treated), i.e. the effect of the 
financial instrument in addition to an energy audit on those 
companies which made use of these programmes. Therefore, 
a binary treatment indicator, either cc or kfw equals 1 if a 
company used a financial instrument and zero otherwise. 
Since for each company only one of the potential outcomes 
can be observed which is also called the fundamental problem 
of causal inference, we employ ATT and estimate this effect 
by matching estimators. Thus, we rely on data of companies 
as a control group which only had an energy audit, but which 
show similar relevant characteristics as the Groups Audit & 
CC and Audit & Loan. In doing so, we assume “selection on 
observables” (sometimes also called “unconfoundedness” or 
“conditional independence assumption” (CIA)) based on the 
idea that we strive to make the treatment independent of the 
potential outcomes conditional on observed covariates. Thus, 
we assume that the treatment is conditionally independent of 
potential outcomes or in other words, differences in outcomes 
between observations in treated and control group with the 
same values for the covariates could be assigned to the treat-
ment (see e.g. Imbens 2004). 

Table 1. Descriptive statistics and definitions of variables.

Variable Definition N Mean (Std. Dev.)

lighting Adoption of lighting measures (binary) 766 66.2 %   

insulation Adoption of insulation measures (binary) 766 29.2 %  

heating Adoption of heating measures (binary) 766 35.9 %  

heatopt Adoption of heating optimization measures (binary) 766 48.0 %  

numempl Number of employees 766 58 (57)

enercostshare Energy cost share 766 7.7 % (12.9 %)

ems
1 if energy management system in place 183 23.9 %

0 otherwise 583 76.1 %

environmgmt
1 if environmental management system in place 66 8.6 %

0 otherwise 700 91.4 %

enermanager
1 if company has an energy manager 339 44.3 %

0 otherwise 427 55.7 %

cc
1 if company used funding programme “cross-cutting technologies” 118 15.4 %

0 otherwise 648 84.6 %

kfw
1 if company used KfW low-interest loan 132 17.2 %

0 otherwise 634 82.8 %
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Results

RESULTS OF T-TESTS
We analyse the adoption of four generic energy efficiency meas-
ures which are common to all companies and typically explored 
in any energy audit. The adoption rate in our sample is defined 
as the share of companies which adopted one or more energy 
efficiency measures in the respective technological field. Both 
sub-groups of companies which conducted an energy audit and 
additionally used a low-interest KfW loan or a funding from 
the program “cross-cutting technologies” have a significant 
higher adoption rate compared to companies which only con-
ducted an energy audit. The results of the t-tests regarding the 
adoption rate for the different cross-cutting technologies show 
similar results (see Table 2). The adoption rate for insulation is 
15.4 percentage points higher for companies which made use 
of a low-interest loan (and had an energy audit) compared to 
companies which only had an energy audit. Similarly, the adop-
tion rate for heating is 19.4 percentage points higher and for 
insulation 15.4 percentage points higher for these companies 
compared to companies which only had an energy audit. For 
lighting the cross-cutting technologies programme is eligible 
for funding. For this technology the adoption rate is 11.8 per-
centage points higher for companies which participated in this 
programme (and had an energy audit) compared to companies 
which only had an energy audit.

RESULTS OF PROPENSITY MATCHING
We use the matchIT package (Ho et al. 2011) of the R statis-
tical software (R core team 2016) to estimate the matching 
estimators. Table  3 below presents the findings of the logit 
models underlying the propensity score matching estimators. 
The propensity to take a low interest loan is statistically sig-
nificant for three of the sectors (coded by dummy variables): 
Food trade, other trade and other services. Neither the number 
of employees nor the presence of an energy or environmental 
management systems are significantly different from zero. The 
propensity to use the cc technology subsidy on the other hand, 
is positively and statistically significant related to the (log10 of) 
the number of employees and the presence of an environmental 
management. Furthermore, several of the sectors have a signifi-
cant impact on the propensity to take cc technology subsidies. 
In sum, the findings are intuitive yet only a limited number of 
variables are significant.

Based on the underlying logit models shown in Table 3 in a 
subsequent step we calculate propensity score matching esti-
mators. For the nearest neighbour matching (with one nearest 
neighbour) estimating the adoption of insulation, heating and 
heating optimization measures driven by the low-interest loan, 
the sample size consists of 132 matched observations whereas 
for the nearest neighbour matching estimating the adoption 
of lighting measures driven by the cc technologies subsidy 
118 observations could be matched. In a third step, we use the 
package mfx (Fernihough 2015) of the R statistical software (R 
core team 2016) to estimate the marginal effects reflecting the 
ATT of our financial instruments.

Table 4 presents the results of the nearest neighbour match-
ing estimation for the three technological areas insulation, 
heating and heating optimization which are all eligible for 
financial support by a low-interest loan. In addition, Table 5 
presents the results for the example ‘lighting’ which is eligible 
for funding by the cc technologies programme.2 The nearest 
neighbour matching estimates presented in Table 4 and Table 5 
satisfy the common support assumption, i.e. to estimate the ef-
fects of the financial instruments only group observations with 
cc technologies subsidy (cc) or low-interest loan (kfw) are used 
where the propensity scores overlap with control group obser-
vation (for the means of covariates between the Groups Audit 
only and Audit & CC or Audit & Loan see TableAnnex 1 and 
TableAnnex 2). 

The propensity to adopt measures for insulation is 12.1 per-
centage points higher for companies which made use of 
low-interest loan in addition to an energy audit compared 
to companies which only had an energy audit. Compared 
to the t-test results (without matching) with a difference of 
15.4 percentage points this is substantially lower. However, 
when taking into account the confidence intervals the values 
are of a similar magnitude. For measures regarding heating 
optimization the picture is quite similar: The propensity to 
adopt measures in this area is 11.6 percentage points higher 
for companies which made use of a low-interest loan in addi-
tion to an energy audit than for companies which only had an 
energy audit. Also in this case the difference of the propensity 

2. At the time of data collection lighting was eligible for funding in the cross-cutting 
technologies programme (BMWi 2014). However, since 29th April 2016 the re-
placement of lighting is not eligible any more (BMWi 2016). 

Group N Adoption rate Difference in percentage 
points

Lighting
Audit only 553 65.3 % 11.8 **
Audit & CC 118 77.1 %    

Insulation
Audit only 553 27.0 % 15.4 **
Audit & Loan 132 42.4 %    

Heating
Audit only 553 30.6 % 19.4 ***
Audit & Loan 132 52.6 %    

Heating 
optimization

Audit only 553 44.0 % 12.8 **

Audit & Loan 132 56.8 %  

Table 2. Results of two-sided t-test.

*** significance level p< 0,1 %, **significance level p < 1 %.
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score matching is slightly lower than in the t-test (12.8 per-
centage points). The ATT for heating is even higher, estimated 
by about 25 percentage points for companies which made use 
of low-interest loan in addition to an energy audit (see Ta-
ble 43). Only in the case of heating the difference estimated 
by the matching technique is higher than in the t-test before 
which suggested a difference of 19.4 percentage points (see 
Table 2).

If we take a closer look at the replacement of lighting which 
is eligible for funding by the cross-cutting technologies pro-
gramme, we do not find a significant effect of this programme 
(in addition to an energy audit) on the adoption of lighting 

3. The results estimating MEM in Table 4 and Table 5 are similar to the results 
estimating average marginal effects (AME).

technologies even though we the null hypothesis was rejected 
by the t-test in the first step (see Table 54, p-values in paren-
thesis). 

Conclusions and policy implications
In this paper we analyzed the effects of providing funding for 
cross-cutting technologies or low-interest loans in addition to 
providing information via energy audits on the adoption of 
four generic energy efficiency measures. 

Based on non-parametric matching analyses our findings 
suggest that both financial instruments in combination with 

4. The results estimating MEM in Table 4 and Table 5 are similar to the results 
estimating average marginal effects (AME).

Table 3. Logit estimates of taking low-interest loan and using CC technology subsidies.

Low-interest 
loan

CC technologies 
subsidy

Intercept -0.746 *** -1.595 ***
log10 Number of employees -0.131 0.512 *
EMS yes 0.150 0.012
Environmgmt yes 0.526 0.775 *
Energy manager yes -0.147 -0.375
Sector Metallurgy -0.590 -0.905 *
Sector Cars sales -0.524 -2.725 *
Sector Hospitality -0.388 0.103
Sector Other energy intense production -0.474 -1.615 ***
Sector Other non-energy intense 
production -0.662 -1.029 *

Sector Food trade -1.117 * -1.141 *
Sector Other trade -1.186 * -0.323
Sector Other services -0.929 * -0.787
Observations 766 766

*** significance level p<0,1 %, **significance level p <1 %, * significance level p<5 %, † significance level p<10 %.

*** significance level p<0,1 %, **significance level p<1 %, * significance level p<5 %, † significance level p<10 %.

Table 4. Marginal effects at mean (MEM) for adopting measures in insulation, heating or heating optimisation.

Insulation Heating Heating optimization

Loan 0.121 * 0.249 *** 0.116 †

log10 Number of employees -0.068 0.033 0.020

EMS yes -0.000 -0.110 -0.001

Sector Metallurgy 0.303 * 0.208 0.037

Sector Cars sales 0.487 *** 0.317 † 0.399 ***

Sector Hospitality 0.285 † 0.332 * 0.303 **

Sector Other energy intense production 0.164 0.104 -0.018

Sector Other non-energy intense prod. 0.298 † 0.101 -0.079

Sector Food trade 0.030 -0.315 * -0.165

Sector Other trade 0.209 0.220 0.117

Sector Other services 0.169 0.175 0.083

Environmgmt yes -0.018 0.368 *** 0.038

Enermanager yes -0.012 -0.011 0.089
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an energy audit accelerate the adoption of four generic en-
ergy efficiency measures in SMEs, but effectiveness varies by 
technologies. The propensity to adopt measures for insula-
tion is 12.1 percentage points higher, for heating optimization 
11.6 percentage points higher and for heating about 25 per-
centage points higher for companies which made use of a 
low-interest loan in addition to an energy audit compared to 
companies which only had an energy audit. Regarding light-
ing based on the propensity score matching technique we do 
not find a significant effect of the cross-cutting technologies 
programme (in addition to an energy audit) on the adoption 
of lighting technologies. Our findings suggest that estimates of 
policy effectiveness based on simple t-tests might be mislead-
ing, i.e. overestimating the effectiveness regarding the adop-
tion of energy efficiency measures for lighting, insulation and 
heating optimization, and underestimating the effectiveness for 
heating.

With a view to the design of policy instruments our findings 
therefore suggest that additional financial policies in addition 
to an energy audit are effective in accelerating the adoption of 
the discussed energy efficient technologies. However, financial 
subsidies always come up with disadvantages and are disputed 
for a variety of reasons in the context of the cost-effectiveness. 
One of these problems are free-rider effects related to financial 
instruments which are likely to arise. Free-riders are defined 
as agents who make use of the subsidy, but would have under-
taken the subsidised action anyway – and without any delay 
(Blok et al. 2004). Consequently, policy-makers should try to 
avoid these effects with an effective design of the policy instru-
ment, including suitable requirements for eligibility of funding. 

Further research is needed evaluating the interaction effect 
between the low-interest loan and the cross-cutting technolo-
gies funding programme. Due to the size of our sample, only 
37 companies made use of both financial instruments, this has 
not been possible in this paper. For future investigations the 
question can be raised if instruments are overlapping, rein-
forcing or independent of each other to gain insights in their 
impact and mechanism by understanding their interdepend-

ency. Besides our approach could be further applied to a con-
trol group which includes companies which nor had an energy 
audit neither used any other additional policy instruments to 
clearly in comparison investigate the impact of the different 
policy instruments as well as to analyse potential free-rider ef-
fects.

References
Anderson, S.T.; Newell, R.G. (2004): Information programs 

for technology adoption: the case of energy-efficiency 
audits. Resource and Energy Economics 26, pp. 27–50. 

Backlund, S.; Thollander, P. (2015): Impact after three years 
of the Swedish energy audit program. Energy, 82, p. 
54–60.

Blok, K.; de Groot, H. L. F.; Luiten, E., M.N.; Rietbergen, M. 
G. (2004): The Effectiveness of Policy Instruments for 
Energy-Efficiency Improvement in Firms. The Dutch 
Experience. Dordrecht, Netherlands: Kluwer Academic 
Publishers.

BMWi (Bundesministerium für Wirtschaft und Ener-
gie) (2016): Richtlinie für Investitionszuschüsse zum 
Einsatz hocheffizienter Querschnittstechnologien vom 
29. April 2016. URL: https://www.bundesanzeiger.
de/ebanzwww/wexsservlet?page.navid=official_start-
toofficial_view_publication&session.sessionid=c94
375cc8b63736181ba7a9292515892&fts_search_list.
selected=1ee8b3a55f4adfab&&fts_search_list.destHistor
yId=47329&fundstelle=BAnz_AT_10.05.2016_B1. Latest 
access: 10.01.2017.

BMWi (Bundesministerium für Wirtschaft und Energie) 
(2014): Richtlinie für Investitionszuschüsse zum Einsatz 
hocheffizienter Querschnittstechnologien vom 17. 
Dezember 2014. URL: https://www.bundesanzeiger.
de/ebanzwww/wexsservlet?page.navid=official_start-
toofficial_view_publication&session.sessionid=410
45b7bc617a4478a051b80ccf549e4&fts_search_list.
selected=c7a43d9d464432a2&&fts_search_list.destHistor

Table 5. Marginal effects at mean (MEM) for adopting measures in lighting (p-values in parenthesis).

Lighting 

CC 0.089 (0.843)

log10 Number of employees 0.000 (0.998)

EMS yes -0.038 (0.851)

Sector Metallurgy -0.011 (0.921)

Sector Cars sales 0.228 *** (0.000)

Sector Hospitality 0.256 (0.863)

Sector Other energy intense production -0.104 (0.825)

Sector Other non-energy intense production -0.068 (0.841)

Sector Food trade -0.022 (0.897)

Sector Other trade 0.069 (0.859)

Sector Other services -0.025 (0.877)

Environmgmt yes 0.127 (0.864)

Enermanager yes -0.011 (0.897)

*** significance level p<0,1 %.



2. POLICY: GOVERNANCE, DESIGN, IMPLEMENTATION AND …

	 ECEEE SUMMER STUDY PROCEEDINGS  399     

2-193-17 NABITZ ET AL

yId=23429&fundstelle=BAnz_AT_31.12.2014_B1. Latest 
access: 10.01.2017.

Boßmann, T.; Eichhammer, W.; Elsland, R. (2012): Con-
crete Paths of the European Union to the 2 °C Scenario: 
Achieving the Climate Protection Targets of the EU by 
2050 through Structural Change, Energy Savings and 
Energy Efficiency Technologies. Accompanying scientific 
report – Contribution of energy efficiency measures to 
climate protection within the European Union until 2050. 
Karlsruhe: Fraunhofer-Institut für System- und Innovati-
onsforschung ISI.

Ho, D. E.; Imai, K.; King, G.; Stuart, E. A. (2011). MatchIt: 
Nonparametric Preprocessing for Parametric Causal 
Inference. Journal of Statistical Software, Vol. 42, No. 8, 
pp. 1-28. URL: http://www.jstatsoft.org/v42/i08/. Latest 
access: 10.01.2017.

EC (European Commission) (2012): Directive 2012/27/EU 
of the European Parliament and of the Council of 25 
October 2012 on energy efficiency, amending Directives 
2009/125/EC and 2012/30/EU and repealing Directives 
2004/8/EC and 2006/32/EC.

Fernihough, A. (2015): Marginal Effects, Odds Ratios and 
Incidence Rate Ratios for GLMs. R package version 1.1, 
URL: https://cran.r-project.org/web/packages/mfx/index.
html. Latest access: 10.01.2017.

Fleiter, T.; Gruber, E.; Eichhammer, W.; Worrell, E. (2012): 
The German energy audit program for firms – a cost 
effective way to improve energy efficiency? Energy Effi-
ciency, 5, p. 447–469.

Gupta, S.; Tirpak, D. A.; Burger N.; Gupta, J.; Höhne, N.; 
Boncheva, A. I.; Kanoan, G. M.; Kolstad, C.; Kruger, J. 
A.; Michaelowa, A.; Murase, S.; , Pershing, J.; Saijo, T. ; 
Sari, A. (2007): Policies, Instruments and Co-operative 
Arrangements. In: B. Metz, O.R. Davidson, P.R. Bosch, 
R. Dave, L.A. Meyer (eds): Climate Change Mitigation - 
Contribution of Working Group III to the Fourth Assess-
ment Report of the Intergovernmental Panel on Climate 
Change. University Press, Cambridge, United Kingdom 
and New York, NY, USA.

Hirzel, S.; Nabitz, L.; Wohlfarth, K.; Rohde, C.; Behling, I.; 
Clarke, D.; Perera, N.; Turner, R. (2016): A Study on 
Energy Efficiency in Enterprises: Energy Audits and 
Energy Management Systems. Report on the fulfilment of 
obligations upon large enterprises, the encouragement of 
small- and medium-sized companies and on good-prac-
tice. Karlsruhe, Harwell: Fraunhofer ISI, Ricardo Energy 
& Environment.

Imbens, G.W. (2004): Non parametric estimation of treatment 
effects under exogeneity: a review. Review of Economics 
and Statistics 86, 4–29.

Mai, M.; Gruber, E.; Holländer, E.; Roser, A.; Gerspacher, A.; 
Fleiter, T.; Hirzel, S.; Ostrander, B.; Schleich, J.; Schlo-
mann, B. (2014): Evaluation des Förderprogramms „En-
ergieberatung im Mittelstand“. Schlussbericht. Karlsruhe: 
IREES, Fraunhofer ISI.

Nabitz, L.; Hirzel, S.; Rohde, C.; Wohlfarth, W.; Behling, I.; 
Turner, R. (2016): How can energy audits and energy 
management be promoted amongst SMEs? A review of 
policy instruments in the EU-28 and beyond. Proceedings 
of the ECEEE Industrial Summer Study, September 2016, 
Berlin, p. 401–415.

Newell, R.G.; Jaffe, A.B.; Stavins, R.N. (1999): The Induced 
Innovation Hypothesis and Energy-Saving Technological 
Change. The Quarterly Journal of Economics 114, pp. 
941–975.

Olsthoorn, M., Schleich, J., Hirzel, S. (2017): Adoption of 
energy efficiency measures for non-residential buildings: 
technological and organizational heterogeneity in the 
trade, commerce and services sector. Ecological Econom-
ics 136, pp. 240–254. 

Ott Toomet, Arne Henningsen (2008). Sample Selection 
Models in R: Package sampleSelection. Journal of Statis-
tical Software 27(7). URL http://www.jstatsoft.org/v27/
i07/.

R Core Team (2016). R: A language and environment for 
statistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria. URL https://www.R-project.org/. 
Latest access: 10.01.2017.

Roy, A . (1951): Some thoughts on the distribution of earn-
ings. Oxford Economic Papers 3, 135–145.

Rubin, D. (1974): Estimating causal effects to treatments in 
randomised and nonrandomised studies. Journal of Edu-
cational Psychology 66, 688–701.

Schleich, J.; Fleiter, T.; Hirzel, S.; Schlomann, B.; Mai, M.; 
Gruber, E. (2015): Effect of Energy Audits on the Adop-
tion of Energy-Efficiency Measures by Small Companies. 
In: Proceedings of the eceee 2015 Summer Study 2015, pp. 
1827–1836.

Schleich, J.; Fleiter, T. (2016): Effectiveness of Energy Audits 
in Small Companies. (submitted for publication)

Schleich, J. (2009): Barriers to energy efficiency: A compari-
son across the German commercial and services sector. 
Ecological Economics 68, pp. 2,150–2,159. 

Schleich, J.; Gruber, E. (2008): Beyond case studies: Barriers 
to energy efficiency in commerce and the services sector. 
Energy Economics 30, pp. 449–464. 

Schleich, J. (2004): Do energy audits help reduce barriers to 
energy efficiency? An empirical analysis for Germany. 
International Journal of Energy Technology and Policy 2, 
pp. 226–239. 

Sprenger, R.-U. (2000): Market-based instruments in environ-
mental policies: the lessons of experience. In: Andersen, 
M. S.; Sprenger, R.-U. (ed.): Market-based instruments 
for environmental management: policies and institutions. 
Cheltenham, UK, Massachusetts, USA: Edward Elgar, pp. 
3–26.

Thollander, P.; Palm, J. (2013): Improving energy efficiency in 
industrial energy systems: An interdisciplinary perspec-
tive on barriers, energy audits, energy management, poli-
cies, and programs. Springer, London. 



2-193-17 NABITZ ET AL

400  ECEEE 2017 SUMMER STUDY – CONSUMPTION, EFFICIENCY & LIMITS

2. POLICY: GOVERNANCE, DESIGN, IMPLEMENTATION AND …

Annex5

5. All values are rounded.

TableAnnex 1. Means of covariates between loan treatment and control group before and after matching.

Means Treatment
Loan & Audit
Group

Means 
Audit only
Control Group

Mean 
Difference

Summary of balance for all data

Distance 0.189 0.169 0.020

log10 Number of employees 1.529 1.527 0.002

Ems0 0.712 0.771 -0.059

Ems1 0.288 0.229 0.059

Environmgmt1 0.128 0.077 0.052

Enermanager1 0.462 0.473 0.024

Sector Metallurgy 0.197 0.192 0.005

Sector Cars sales 0.053 0.047 0.006

Sector Hospitality 0.121 0.099 0.031

Sector Other energy intense production 0.000 0.180 0.040

Sector Other non-energy intense 
production

0.220 0.101 -0.003

Sector Food trade 0.053 0.088 -0.035

Sector Other trade 0.061 0.107 -0.047

Sector 99 Other services 0.106 0.134 -0.028

Summary of balance for matched data

Distance 0.189 0.189 0.000

log10 Number of employees 1.529 1.483 0.046

Ems0 0.712 0.712 0.000

Ems1 0.288 0.288 0.000

Environmgmt1 0.128 0.144 -0.015

Enermanager1 0.462 0.477 -0.015

Sector Metallurgy 0.197 0.205 -0.008

Sector Cars sales 0.053 0.060 -0.008

Sector Hospitality 0.121 0.114 0.008

Sector Other energy intense production 0.000 0.242 -0.023

Sector Other non-energy intense 
production

0.220 0.099 0.000

Sector Food trade 0.053 0.053 0.000

Sector Other trade 0.061 0.046 0.015

Sector Other services 0.106 0.121 0.015
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TableAnnex 2. Means of covariates between CC treatment and control group before and after matching.

Means Treatment 
CC & Audit
Group

Means 
Audit only
Control Group

Mean 
Difference

Summary of balance for all data

Distance 0.200 0.146 0.054

log10 Number of employees 1.576 1.519 0.058

Ems0 0.754 0.762 -0.008

Ems1 0.246 0.238 0.008

Environmgmt1 0.127 0.079 0.048

Enermanager1 0.398 0.451 -0.052

Sector Metallurgy 0.195 0.193 0.002

Sector Cars sales 0.009 0.056 -0.047

Sector Hospitality 0.170 0.082 0.088

Sector Other energy intense production 0.102 0.202 -0.101

Sector Other non-energy intense 
production

0.093 0.102 -0.009

Sector Food trade 0.059 0.086 -0.027

Sector Other trade 0.144 0.091 0.053

Sector Other services 0.127 0.130 -0.003

Summary of balance for matched data

Distance 0.200 0.198 0.002

log10 Number of employees 1.576 1.541 0.034

Ems0 0.754 0.763 -0.009

Ems1 0.246 0.237 0.009

Environmgmt1 0.127 0.119 0.009

Enermanager1 0.398 0.424 0.025

Sector Metallurgy 0.195 0.195 0.000

Sector Cars sales 0.009 0.009 0.000

Sector Hospitality 0.170 0.220 -0.051

Sector Other energy intense production 0.102 0.102 0.000

Sector Other non-energy intense 
production

0.093 0.068 0.025

Sector Food trade 0.060 0.059 0.000

Sector Other trade 0.144 0.119 0.025

Sector Other services 0.127 0.144 -0.017
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