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Abstract Energy efficiency networks have received
increasing attention over the last few years, not only
from national governments (Austria, China, Germany,
Sweden, and Switzerland) but also from utilities, con-
sulting engineers, chambers of commerce, and city
councils. This paper examines the factors that contribute
to the success of such networks by drawing on unique
data from two pilot projects involving 34 energy effi-
ciency networks in Germany. The objective is to explain
why the companies participating in such networks are
much faster at reducing their energy costs than the
average in similar businesses. Possible explanations
for the success of energy efficiency networks include
the following: (1) energy audits make profitable poten-
tials visible; (2) the joint network targets for efficiency
and emissions increase the motivation of energy man-
agers, decision-makers, and other staff members; (3) the
meetings and site visits of the network participants act
like an intensive training course to increase the

knowledge of efficient solutions, change decision rou-
tines, and lead to trust among the participants; and (4)
network participation reduces transaction costs. In our
data, we find support for the first, the third, and the
fourth explanations, i.e. the audits make profitable po-
tentials visible and networks function as a training
course to increase knowledge. And, from the point of
view of participants, transaction costs are reduced. The
impact of network goals, on the other hand, appears to
have both up- and downsides. We conclude that there is
the need for further research in order to capture these
mechanisms in more detail.
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Introduction

Realising cost-effective energy savings could help to
meet half of Europe’s 2050 goal for reducing green-
house gas emissions (Wesselink et al. 2010). In this
context, energy efficiency networks have received in-
creasing attention over the last few years, not only from
national governments (Austria, China, Denmark, Ger-
many, Sweden, and Switzerland) but also from utilities,
consulting engineers, chambers of commerce, and city
councils (Paramonova and Thollander 2016; Jochem
et al. 2016). These networks are intended to promote
economically viable energy efficiency improvements.
An energy efficiency network usually consists of a
group of organisations, often between eight and 15,
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mostly companies, but sometimes also public institu-
tions and other types of organisations. Typically, mem-
bers of a network are from either the same local area or
the same line of business. The networks are established
for a defined period of time, usually a minimum of 2, but
generally for 3 to 4 years.1 Network activities combine
activities around energy efficiency on the individual and
the group level. On the individual level, they consist of
conducting an energy audit (or drawing on the outcome
of an existing one), identifying the most promising
measures, which are then implemented, and monitoring
their success. On the group level, this is accompanied by
continuous exchanges between network participants to
facilitate energy efficiency improvements. Important
roles within the networks include the network operator,
network moderator, and consulting engineers. Network
operators organise the administrative and financial is-
sues, e.g. the distribution of costs or fulfilling the re-
quirements due to governmental support of the net-
works. Typical organisations which act as administra-
tors include industry associations or (local) energy com-
panies. Network moderators are responsible for the
organisational part as well as the development of the
network itself, i.e. they are the central point of contact
within the network, organise meetings and external ex-
pertise for the topics of interest to the network partici-
pants. Finally, consulting engineers, who also conduct
the initial audits if needed, provide the expertise
concerning energy efficiency topics.

The concept of Learning Energy Efficiency Net-
works (LEEN) was first implemented in Switzerland
and transferred to Germany in 2002 and has undergone
continuous refinement since then and diffused to other
countries (cp. Jochem et al. (2016) for a more detailed
description of the development). From 2008 to 2014, the
German government, namely the Ministry for Environ-
mental Affairs, financially supported a pilot project to
set up 30 LEEN across Germany (B30-Pilot Networks^
project). This is the main source for the empirical data
used in this paper. The LEEN concept targets companies
which spend at least €0.5 million each year on energy to
make sure that participation is cost-effective. The im-
plementation of the 30-Pilot Networks project was co-
ordinated by the Fraunhofer ISI (2016), an applied
research institute. This coordination, the development

of standards and procedures as well as the necessary
documents by Fraunhofer ISI together with several pro-
ject partners, was funded by the German government. In
addition, one third of the actual costs of running a
network were funded (up to a max. €80,000–120,000
per network depending on the number of companies per
network), e.g. for meetings and presentations by exter-
nal experts including the initial audits.2 The initial audits
and the reporting on the audits in these networks were
designed to comply with ISO 50001, which was pub-
lished in 2011. While following ISO 50001 is voluntary
in Germany, doing so qualifies energy-intensive com-
panies for exemption from certain energy taxes (Rohde
et al. 2015). In addition, the initial audit also complies
with the obligations from the national implementation of
Article 8 of the European Energy Efficiency Directive
(EED), introduced in 2015, which requires larger enter-
prises to conduct an energy audit every 4 years (Rohde
et al. 2015). However, since this regulation was only
introduced after the 30-Pilot Network project was com-
pleted, it did not influence the data analysed in this
paper. There is also an adapted concept for smaller
companies with lower energy costs called Mari:e
(BMari:e – mach’s richtig: energieeffizient^, i.e. Bdo it
right: be energy efficient^, project lifetime from 2013 to
2016).3 In this paper, we also draw on data from all four
Mari:e networks that have been established. The initia-
tion of the Mari:e networks was coordinated by
STREKS, a German foundation. The work of STREKS
was again funded by the German government, while the
costs of the initial audit for the participating companies
were supported under a programme of the German
KfW-Bank, which specialises in distributing public
funding and sponsored loans and ran a programme
supporting energy audits. The KfW-programme was in
place until 2014.

These successful pilot projects were followed by
two further initiatives in Germany to promote ener-
gy efficiency networks. Firstly, the German govern-
ment and 20 industrial associations agreed on a
target of 500 energy efficiency networks until
2020 following an adapted minimum standard

1 However, they may also run for much longer depending on political
framework conditions, e.g. in Switzerland, companies commit them-
selves to 10-year targets as part of CO2 legislation.

2 S e e h t t p : / /www. 3 0 p i l o t - n e t zw e r k e . d e / a r c h i v / nw -
de/downloads/Foerderbekanntmachung-.pdf_%3b for the details (in
German), last accessed 12/11/2017.
3 For a detailed comparison of the concepts in German, see
h t t p s : / / www. e n e r g i e - e f f i z i e n z - n e t z w e r k e . d e / e e n -
wAssets/docs/Vergleich-LEEN-und-Marie.pdf, last accessed 17/03
/2017.
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regarding network structure and performance. Sec-
ondly, and supporting this initiative, the German
Ministry for the Environment initiated a project to
extend the more extensive LEEN concept to 100
networks in Germany by 2017. Based on the find-
ings from the 30-Pilot Networks project, it is ex-
pected that 75 PJ of primary energy can be saved
and greenhouse gas emissions can be reduced by 5
million tonnes by 2020 (BMWi 2014).

Generally, it is assumed that companies constant-
ly improve their energy efficiency level independent
of any external intervention, e.g. due to the replace-
ment of old equipment and acquiring new technolo-
gies. Such autonomous progress is usually assumed
to add up to 1% energy efficiency improvement per
year (cp. Worrell et al. (2009) and Jochem et al.
(2010)). Earlier work on the LEEN networks
(Bradke et al. 2015) indicates that companies partic-
ipating in such networks progress about twice as
fast. Thus, energy efficiency networks seem to be a
successful way to encourage energy efficiency im-
provements in companies. However, so far, there has
been little research on how and why efficiency net-
works are successful.

To explore the possible answers to these ques-
tions, we summarise the research on factors hinder-
ing the realisation of profitable efficiency potentials,
outline the findings of earlier publications on effi-
ciency networks, and then discuss the underlying
processes that might contribute to network success.
Building on this background information, empirical
data drawn mainly from the 30-Pilot Networks pro-
ject are analysed to explore whether they confirm
the assumptions about the underlying processes.
However, the nature of this study is explorative
and not intended to test hypotheses.

Processes contributing to the success of energy
efficiency networks

This section starts with a very brief description of the
obstacles hindering the realisation of profitable energy
efficiency potentials as these have been intensively ex-
plored in the literature. This is followed by a summary
of the literature on LEEN so far and concludes with
assumptions about the processes contributing to the
success of LEEN.

Barriers to energy efficiency in industry

The literature on barriers to energy efficiency looks at
the so-called energy efficiency gap (e.g. Jaffe and
Stavins (1994) and Brown 2001)), i.e. why cost-
effective energy efficiency measures are not always
put into practice. A barrier is usually defined as Ba
mechanism that inhibits a decision or behaviour that
appears to be both energy efficient and economically
efficient^ (Sorrell et al. 2004). The widely cited classi-
fication of barriers suggested by Sorrell et al. (2004)
distinguishes six categories of barriers, which can be
summarised as follows:

& Risks: Risks are negative consequences associated
with the introduction of energy efficiency measures,
e.g. unintended changes to product quality or the
stability of the production process.

& Imperfect information: Imperfect information is in-
complete, preliminary, or uncertain information that
impedes a decision-maker from making a well-
informed decision.

& Hidden costs: Hidden costs are reductions in utility
or effort that are not fully accounted for in techno-
economic considerations, e.g. overhead or transac-
tion costs.

& Access to capital: Access to capital describes a
situation where companies do not have the financial
means to invest in otherwise cost-effective mea-
sures, e.g. due to other priorities or limited credit
lines.

& Split incentives: Split incentives describe a situation
where the incentives of implementing energy effi-
ciency measures do not appropriately encourage all
the involved actors, e.g. when expenditures for in-
vestments and the resulting energy savings are
accounted for in different departments.

& Bounded rationality: Bounded rationality describes
constraints that impede rational decisions, e.g. deci-
sion-makers’ lack of time or focus on more presti-
gious projects.

Various studies have suggested extensions of the
conceptual foundations, e.g. by stressing the drivers of
or motivators for energy efficiency (e.g. Thollander
et al. (2013), Cagno and Trianni (2013), and Meath
et al. (2016)), by considering the dynamics and inter-
connections among barriers (e.g. Chai and Yeo (2012)
and Cagno et al. (2013)), by stressing the social and
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cultural dimensions of barriers (e.g. Palm (2009) and
Bell et al. (2014)), or by addressing other contextual
factors (e.g. Cooremans (2012) and Langlois-Bertrand
et al. (2015)). There are also indications that certain
organisational characteristics can affect the relevance
of particular barriers, e.g. the size or sector of an orga-
nisation (Trianni and Cagno 2012).

Despite a general consensus on the relevance of
barriers, it remains difficult to pinpoint the overarching
relevance of individual barriers in empirical studies.
This is probably due to different taxonomical
approaches and heterogeneous industrial segments as
well as the usually overlapping and often elusive
nature of barriers. Sorrell et al. (2011) attempted to
identify indications for the relevance of each barrier
according to the previously mentioned categories. Their
findings suggest that barriers related to imperfect infor-
mation, access to capital, and bounded rationality are
particularly relevant.

Earlier research on energy efficiency networks

The development of energy efficiency networks has
been closely monitored by research institutes. For ex-
ample, the pilot project for 30 LEEN included an exten-
sive evaluation process, which produced a rich amount
of data from several sources that served as the basis for
several papers (e.g. Köwener et al. (2011), Jochem et al.
(2010), Köwener et al. (2014), and Wohlfarth et al.
(2017)—see below for more details). Research from
other countries has also contributed to this literature
(e.g. Paramonova et al. (2014), Paramonova and
Thollander (2016), and Nakova (2007)).

Earlier research described the approach of energy
efficiency networks and their influence on increasing
energy efficiency in companies. Several publications
presented updated figures on the energy efficiency
targets agreed between companies (2% per year on
average, see Köwener et al. (2011), similarly Jochem
et al. (2010)). A more recent publication by
Köwener et al. (2014) highlighted that the pilot
phase for LEEN identified 7000 measures, of which
3600 were profitable (i.e. with an internal rate of
return > 12%). Based on the same data, Rohde et al.
(2015) examined the structure of the identified mea-
sures and concluded that a major share (~ 85%)
requires investments below €50,000 and that the
average payback time for profitable measures is be-
tween 2.2 years (for compressed air systems) and

4.3 years (for air conditioning). Paramonova et al.
(2014) also underlined the positive impacts of energy
efficiency networks beyond those a stand-alone en-
ergy audit can achieve based on data from eight
Swedish networks.

Some authors, e.g. Köwener et al. (2014) or Jochem
and Gruber (2007), have already identified mechanisms
that make the network approach successful, e.g. the
structured process of an energy efficiency network that
includes an energy review in each company, regular
meetings, and yearly monitoring. However, they have
not related these mechanisms to data from the networks.

Wohlfarth et al. (2016) relate the network ap-
proach to the literature on barriers. They identified
information deficits as a relevant barrier for compa-
nies and demonstrated empirically that energy effi-
ciency networks could overcome this barrier. Further-
more, they identified financial barriers as the most
prevalent. They also found that the number of im-
plemented measures is related to company size. Mo-
tivational issues are more prevalent in bigger com-
panies and in those with higher energy costs / be-
longing to an energy-intensive industry. Financial
barriers are more prevalent in companies that are
part of another corporation and if decisions depend
on the amount of expenses. Another paper by
Wohlfarth et al. (2017) based on survey data showed
that network participants were mainly motivated by
the need for practical knowledge and specific
information resulting from the participation in
networks; the majority of surveyed participants
stated that network participation resulted in the
implementation of measures that would not have
been realised otherwise. Similarly, based on a
number of interviews with network coordinators
and participants in Sweden, Paramonova and
Thollander (2016) report that respondents are con-
vinced that network participation helped them to
reduce energy costs and set up performance indica-
tors. Several of them observed enhanced employee
motivation regarding energy issues as an outcome of
participation. Some companies found it difficult to
provide the resources needed for network activities
over a longer period. Companies identified mutual
learning and the exchange of experience as relevant
drivers of network success. Especially this last block
of studies provides some first indications about the
socio-technical process underlying energy efficiency
networks, which is the focus of this paper.
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Assumptions about the working mechanisms of energy
efficiency networks

In this paper, we want to explore in more detail the
mechanisms that make efficiency networks effective,
i.e. what processes and mechanisms are triggered or
supported by the networks that lead to the additional
improvements in energy efficiency? As outlined above,
Köwener et al. (2014) or Jochem and Gruber (2007)
indicated which mechanisms could be relevant, while
Wohlfarth et al. (2017) draw on the literature concerning
barriers to efficiency improvements and relate this to
network activities. The innovative angle of this paper is
that we aim to take a closer look at the mechanisms
themselves by developing assumptions and then explor-
ing these assumptions empirically based on data from
the two pilot projects.

The main idea regarding the working mechanisms of
efficiency networks is that these networks are social
constructs (cp. Jochem and Gruber (2007), who look
at networks from a social relations perspective). They
trigger progress in energy efficiency on an individual
(energy managers, decision-makers) and group level
(the organisation, i.e. the company or institution, as a
whole, across the network participants) and thereby
reduce the perceived barriers that hindered the organi-
sation from realising relevant profitable potentials (cp.
Wohlfarth et al. (2016)). In the following, we present
four assumptions about the working mechanisms of
energy efficiency networks.

First of all, we assume that the networks act as an
agenda setter, i.e. energy efficiency becomes a topic of
organisational decision-making through the participa-
tion in the network. Although the relevance of this step
has been recognised in the literature, knowledge about it
is limited (cp. Hutzschenreuter and Kleindienst (2006)
and Cooremans (2012)). Agenda setting is the precon-
dition for decision-making about specific issues. In ad-
dition to agenda setting, the initial energy audits make
profitable potentials visible—to the individual as well as
the group. This is likely to help reduce the problems
related to barriers such as imperfect information and
bounded rationality.

Secondly, while agenda setting leads to awareness of
profitable efficiency potentials, actually initiating mea-
sures and putting them into practice needs further moti-
vation. It is assumed that thismotivation grows from the
joint network targets on efficiency and emissions. Lit-
erature on organisational goal setting (e.g. Locke and

Latham (2002)) has shown that (common) goals are a
powerful means to sustain motivation for actions. It is
likely that they also address barriers like split incentives.

Thirdly, we assume that the regular meetings and site
visits to network participants act like an intensive train-
ing course that sustains motivation and also increases
the knowledge about efficient solutions (cp.
Paramonova and Thollander (2016)). This increase of
knowledge is likely to have effects on several of the
barriers outlined above. It obviously reduces informa-
tion deficits (cp. Wohlfarth et al. (2017)), but also re-
duces the perceived risk of measures as, within net-
works, participants are able to profit from the experi-
ences of other network members. Again, it is likely to
help reduce bounded rationality by focusing attention
and adding facts to the knowledge used as the basis for
decision-making.

Fourth, we expect networks to reduce the transaction
costs related to implementing energy efficiency mea-
sures. Transaction costs cover all the resources that need
to be invested due to an exchange of goods or services
(Richter and Furubotn 2003), i.e. the costs for searching
and analysing relevant information and for negotiations
and decision-making processes as well as for control
and realisation. Energy efficiency measures are also
accompanied by these kinds of transaction costs, but it
is assumed that they are lower for companies participat-
ing in networks for the following reasons: Network
participants exchange experiences and also engage in
bilateral consultation, so the transaction costs for gath-
ering and evaluating information should be lower for
them. Similarly, the effort for negotiation and decision-
making can be reduced by building on the experience of
other network participants. Transaction costs can exert
major influence on the decision process concerning
investments, but there are hardly any empirical studies
of this issue to date (Mai and Jochem 2017; Mai et al.
2014).

In the next section, we analyse the empirical data to
see if it supports our four assumptions.

Methods

This paper draws on empirical data from the two LEEN
pilot projects, the 30-Pilot Networks project and Mari:e.
The 30-Pilot Networks project was intended to initiate
and manage 30 LEEN and was accompanied by a par-
allel evaluation process. This evaluation process had
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two main goals: one, to continuously improve network
management by providing feedback, and two, to accu-
mulate data for scientific analysis. Both pilot projects
focused on local and regional networks. This implies
that companies from different lines of business were
involved. As a result, the networks tended to focus more
on cross-cutting issues that affected all the participants
like lighting or waste heat utilisation and less on effi-
ciency potentials in the companies’ individual produc-
tion processes.

The main sources of data are the following: (i) the
lists of measures identified in the initial audits; (ii) the
annual monitoring data; (iii) three surveys of the partic-
ipating companies (after network initiation, after com-
pleting the audit, at the end of the network phase); (iv)
the interview series with the main network actors, i.e.
network initiator, consulting engineer, and network
moderator; and (v) additional survey of a sub-sample
of participating countries from the 30-Pilot Networks on
transaction costs. The 30-Pilot Network process provid-
ed data for (i) to (v), while four networks from Mari:e
provided additional data for (i) and (ii). The data will be
described inmore detail in this section after outlining the
network design applied in the LEEN pilot and inMari:e.

The network design for LEEN and Mari:e

Both network approaches started with an energy audit to
obtain a detailed evaluation of the status quo and, more
importantly, to identify potentially profitable energy
efficiency measures. These audits are extensive and
include a structured data collection by the participating
company prior to a field visit from an engineer who
supports each network as a consultant. If an audit had
already been conducted before the company joined the
network, its outcome can be adapted and complemented
where necessary to comply with LEEN standards.
LEEN audit standards emphasise that the audit is done
by an external consultant with resources of around ten
working days to guarantee high-quality standards.
Based on the audit’s findings, each participating com-
pany defines an individual quantitative goal regarding
efficiency. Starting at the same time, the participants
attend regular meetings (3–4 per year), which usually
take place at the site of one of the network participants.
A site tour focusing on energy efficiency is part of the
standard agenda at these meetings as well as discussions
about specific topics that are supported by input from
external experts. Each company’s progress is monitored

on an annual basis as is the network’s success as a whole
in terms of energy savings and CO2 emission reduc-
tions. The LEEN concept includes a training programme
for the consulting engineer and the network moderator,
who support and organise the network processes and
provide technical tools for the energy audit and other
network components. The network activities including
the audit and the work of the consulting engineer and the
moderator are funded by contributions from the partic-
ipating companies. It is assumed that the money saved
through the identified and implemented energy efficien-
cy measures will exceed these contributions. Addition-
ally, public funding may reduce the participants’ contri-
butions as was the case in the 30-Pilot Networks project.

Energy audit and monitoring data

Various quantitative technical data were collected dur-
ing the 30-Pilot Networks and the Mari:e projects. Con-
sulting engineers and network moderators used
standardised tools for the initial energy audits and the
annual monitoring within these projects. The energy
efficiency, CO2 saving potential, and the profitability
of the proposed measures can be analysed based on
the energy audit reports of 400 companies (360 from
the 30-Pilot Networks, 40 fromMari:e) (Table 1). Over-
all, companies from a broad variety of industries partic-
ipated in both types of networks. The biggest subgroup
with ca. 10% comprised companies from the food sec-
tor. Other industries included mechanical engineering,
metal products, chemicals and plastics, beverages, and
health care.

The monitoring methodology was changed to a
bottom-up approach during the 30-Pilot Networks pro-
ject (Ott and Jochem 2012), so that monitoring results
are only available for roughly 260 companies. As ex-
plained in more detail by Köwener et al. (2014), this
approach takes into consideration the sum of all mea-
sures realised between the base year and the year of
analysis, expressed in energy units per year. This indi-
cator only lists measures that are documented as energy
efficiency measures by the organisation. As the effect of
the measure is normally only determined once, certain
effects are adjusted in the calculation, e.g. heating
degree-day values or changes in production. In order
to capture all the changes, the impact of each measure is
calculated for the analysed year. The bottom-up ap-
proach identifies the sum for both the energy efficiency
improvement and the CO2 emission reduction.
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Currently, the LEEN management system defines an
annual monitoring process for all companies based on
final energy and primary energy. As mentioned earlier in
this paper, both the energy audits and the monitoring
process conform to DIN EN ISO 50001.

Monitoring is intended to provide evidence of the
effects realised by the measures. It is a way to track the
progress made towards the individual energy efficiency
targets and the jointly agreed network target. The base
year of this target is the year when the network was
launched. During the network’s lifetime of 3 to 4 years,
the individual targets of all companies are aggregated,
monitored yearly, and compared to the agreed network
target to track the progress made.

Questionnaires and interviews

The social scientific part of the evaluation process doc-
umented the expectations about and the satisfaction or
dissatisfaction of all the actors involved with the differ-
ent network elements and processes. These actors in-
clude the network participants, i.e. the companies, but
also other network actors such as the network initiators,
consulting engineers, and network moderators.

Due to the large number of more than 300 companies
participating in the 30 networks, a standardised ap-
proach applying a written survey was chosen. This

survey was conducted in three waves—wave 1 in the
first year of the network including mainly questions
about network initiation, motivation for participation,
and expectations regarding the network. The second
wave was conducted after a network had completed
the energy audit phase and focused on experiences with
the audit. The third and last wave was conducted to-
wards the end of the network and covered the types of
measures taken, barriers encountered, the decision-
making process in the organisation, interaction with
certain political measures, and network ratings. Of the
360 companies participating in the networks, 304
responded to the first survey, 281 to the second, and
213 to the third. While it is normal in longitudinal
studies for the number of respondents to decrease across
survey waves, the relatively low number of completed
questionnaires in the final round here was partly due to
the high level of network activities during the final
period of the network process. Questionnaires were
provided in the form of Word files that could be filled
in on a computer, or printed out and completed as a
paper and pencil version. The questionnaires received
back from the companies were checked for quality and
data were then entered into an SPSS file for further
analysis. For this paper, we only used data from the
second and third survey waves and applied descriptive
statistics as well as a multivariate linear regression mod-
el to analyse them.

Interviews were conducted with the other network
actors in order to protocol their experiences and collect
their feedback on possible improvements and encoun-
tered difficulties. These interviews followed a guideline
to ensure comparability and most of them lasted be-
tween 30 and 40 min. Interviews were recorded and
later transcribed. Each network has an initiator, an engi-
neer, and a moderator. However, the number of inter-
views in each category does not equal 30, because, for
example, two bigger engineering consultancies were
engaged in several pilot networks with small groups of
engineers. In other cases, several freelance engineers
shared the network activities of a single network be-
tween them. Also, some of the moderators were respon-
sible for more than one network. Thus, in the end, 30
initiators of networks were interviewed, some of whom
were also active as network moderators. Twenty-nine
interviews were conducted with consulting engineers,
who covered all 30 networks. There were interviews
with 26 moderators, who covered all the networks from
the pilot project. Software was used to code all three

Table 1 Evaluation results of the measures identified in the audits
of the 400 participating companies

Evaluated reports (measure overview) 400

No. of measures 8050

thereof evaluated in monetary terms 7920

thereof profitable (profitable: IRR larger than 12%) 3870

Ø IRR of all profitable measures 47%

Ø Static payback period of all profitable measures 2.1 years

Ø Investment per measure [EUR] 40,730

Ø Values per organisation/site

Ø Energy savings if all profitable measures realised
[MWh/year]

2520

Ø CO2 reduction if all profitable measures realised
[t/year]

900

Ø No. of measures evaluated in monetary terms 20

thereof profitable 10

Ø Total additional investment realising all profitable
measures [EUR]

365,000

Ø Reduction of energy cost if all profitable measures
realised [EUR/year]

173,000
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interview series in order to draw conclusions and iden-
tify relevant results. Codes were developed based on the
interview guideline and then refined as needed, e.g. by
breaking down questions that led to answers covering
many aspects into sub-codes, or by adding codes for
additional topics. The analysis uses a thematic approach,
i.e. identifying themes and patterns, and not a quantita-
tive approach, e.g. counting the frequency of certain
codes. In the following, original quotes from the inter-
views (shown in italics) will be used to illustrate selected
findings.

Finally, an additional survey was conducted of com-
panies participating in the 30-Pilot Networks project. As
this survey was extensive, only a sub-sample was invit-
ed to take part (100 companies), of which 79 participat-
ed. This survey focused on the transaction costs of an
energy efficiency measure and tried to explore this issue
in detail. The survey is described inMai et al. (2014) and
Mai and Jochem (2017).

The following figure gives an overview of the net-
work life cycle and the data sources (Fig. 1).

Results

This section is structured using the four assumptions
outlined above and combines findings from the sources
described in the BMethods^ section. It starts with data
illustrating the networks’ success and updating the fig-
ures presented in earlier publications (Köwener et al.
2011; Jochem et al. 2010; Köwener et al. 2014).

As outlined above, the joint efforts resulted in an
annual energy efficiency improvement that is higher
than the assumed average of German industry (Bradke
et al. 2015). Evaluating the data from the submitted
monitoring reports from 30-Pilot Networks as well as

from the four networks of the Mari:e project shows an
average increase in energy efficiency of 2.0% per year
and a reduction in CO2 emissions of 2.3% per year. This
observation is based on the average 3-year participation
in a network per company. The data also allowed us to
look at the network’s progress, which was assessed in
terms of the total final energy savings and corresponding
reductions of CO2 emissions per network. Subsequently,
the annual progress of the networks was estimated in a
similar manner based on the duration of each network,
providing the range of achieved annual energy savings
(Fig. 2). The achieved energy savings range from 0.3 to
4.3% per year and per network, while the median cor-
responds to 1.7%. The achieved CO2 emission reduction
displays a similar wide range (from 0.2 to 5.9% with a
median of 2.1% per year and per network).

These values are based on the weighted average
values of the energy efficiency increase and CO2 reduc-
tion as a percentage of the total final energy consump-
tion and total CO2 emissions per network. Our col-
leagues (Köwener et al. 2014) defined the method that
we apply in our study as well: The weighted average
reveals the sum of the absolute amount of saved energy
of all network companies related to the total energy
consumption of the whole network. The contribution
of small companies to the network target is limited if
large companies participate as well. This explains why
some networks achieve relatively Bsmall^ energy sav-
ings and CO2 reductions as seen in Fig. 2.

Audits make profitable potentials visible

To show how audits make profitable efficiency poten-
tials visible, we draw on (1) data from an evaluation of
the energy audit phase that covers the reports of the
companies participating in either 30-Pilot Networks or

Addi�onal 
company survey 

Fig. 1 Structure and timeline of a
typical network from the 30-Pilot
Networks, including data sources
for evaluation
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Mari:e, (2) findings from the second survey wave, (3)
the interviewswith consulting engineers. The evaluation
focuses on the regional and local energy efficiency
networks and does not include other network types
(e.g. sectoral, intra-corporate or in-house networks).
These results reflect the energy and CO2 saving poten-
tials identified during the energy audit. The energy audit
report received by the participating companies includes
an overview of all the identified measures in terms of
savings and profitability. Compared to an earlier evalu-
ation of the 30-Pilot Networks published by Köwener
et al. (2014), which provided similar results, our analy-
sis is based on a broader sample and identified more
than 8000 potential measures, i.e. on average about 20
per organisation (cp. Table 1 above). Of this number,
about 3900 measures were classified as profitable,
meaning that their internal rate of return is higher than
12%.4 Ten profitable measures were identified on aver-
age for each organisation, with an energy-saving poten-
tial of about 2500 MWh and a CO2 reduction potential
of approximately 900 tons per year (see Table 2).

The identifiedmeasures were categorised into several
relevant technology areas (see Table 2). One should take
into consideration that the average total additional in-
vestment (as shown in Table 1) does not reflect the total
investment sum for the specific technology/measure, but
the additional investment sum for a more efficient mea-
sure. For example, it captures additional costs for highly
insulated windows in comparison to standard ones.

In addition, the same data set of energy efficiency
measures was categorised using a detailed cluster

system (Leinweber 2014). Selected results in Table 3
show the three most frequently suggested technical sub-
categories for selected technology areas. The break-
down into this detailed cluster system gives us insights
into which kinds of measure turn out to be highly
profitable at a relatively small additional investment.
This evaluation indicates that, according to the initial
energy audit estimations, often rather Btrivial^measures
of optimisation, adjustment and switching off lights in
the production area are highly profitable and thus have
low risk (Table 3). This can be observed especially in the
technology area of compressed air, where all three sub-
categories have an average internal rate of return (IRR)
of well over 40%, while optimisation measures
concerning the adjustment and control of equipment
are the most profitable. Furthermore, we see an indica-
tion that introducing energy management systems in
companies turns out to be profitable, resulting in a fairly
high energy-saving potential (465 MWh on average).

We also look at the network participants’ perception
of the energy audit, drawing on the evaluation data from
the 30-Pilot Networks. The second questionnaire fea-
tured questions asking for evaluations of several aspects
regarding the energy audit. Of the 267 respondents
answering the question asking for an overall evaluation
of the energy audit on a 5-point scale, 71 rated it with 5
points as very good, and 149 rated it with 4 points, i.e.
82% gave a positive evaluation. Thirty-nine rated it with
3 points and were therefore neutral or undecided; and
eight respondents chose 2 points and a negative evalu-
ation. These results show that, overall, participants had a
positive perception of the energy audit.

To learn more about the factors influencing the over-
all evaluation of the energy audit, the variable was
regressed on several ratings of single aspects of the

4 An internal rate of return of 12% was determined as the profitability
limit in both pilot projects, meaning that all measures with an IRR
above 12% were considered profitable by the organisations and sug-
gested for implementation.

0% 1% 2% 3% 4% 5% 6% 7%

Achieved CO2 Saving,% p.a. Achieved energy saving, % p.a.

Fig. 2 Distribution of annual
achieved energy saving and CO2

reduction across all networks
(from both 30-Pilot Networks and
Mari:e projects)
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energy audit. These single aspects included 15 items, of
which five were identified as relevant by a stepwise
linear regression model (Table 3).

Overall, 55.6% of the variance in the overall evalua-
tion of the energy audit is explained by the independent
variables that remained in the final equation. The most
important influencing factor as indicated by the highest
β-value is that the report is comprehensive/detailed.
From the perspective of the surveyed companies, other
relevant factors included the identification of new as-
pects, sufficient audit length, and the perception that the
received advice is competent and comprehensive. Over-
all, these factors can be interpreted as aspects that con-
tribute to the audit making profitable potentials visible
and therefore of value to the participants.

The effects of the energy audit were also ad-
dressed within the interviews with the consulting
engineers. The consulting engineers agree that the
main effect of the energy audit is to get the relevant
member of the participating company involved in the
topic of energy efficiency and engaged in looking at
the relevant data, e.g. the respective facilities and
machinery, the current energy demand, and the fac-
tors influencing this demand. According to the state-
ments of the consulting engineers, one of the audit’s
effects is that it gives a more general perspective and
directs attention as illustrated by the following ex-
emplary quote:

They [the participating companies] often no lon-
ger see what is under their noses, or have any new
ideas. It is useful if someone from outside comes
and points out the main issues regarding possible
measures, state of technology etc. That’s the main
task of the energy audit.

Motivation from joint network targets

In order to analyse whether the joint network targets
enhance the motivation to engage in energy efficiency,
we draw again on the interviews with the consulting
engineers and complement this by findings from the sec-
ond survey wave and the interviews with the moderators.

It turns out that a few comments of the engineers refer
directly to the motivational effects of the joint network
targets. Some point out that they had the impression that
the targets are less important, especially as they have no
effect if they are not reached:

It was good to have defined goals! However, I did
not have the impression that it was important what
these were exactly, when to reach them or how the
effort was shared within the network. Maybe this
was too abstract. The specific measures were al-
ways exciting topics of interest, but whether they
contributed to the network target and how feasible
that target is did not seem so relevant.

Table 3 Regression analyses with overall evaluation of energy audit as dependent variables using a stepwise linear regression model

Dependent variable Overall evaluation of energy audit

Number of respondents n = 235 Standardised regression weight β

Independent variables Report comprehensive/detailed 0.371**

New aspects identified 0.174**

Sufficient length of audit 0.192**

Competent advice 0.180**

Comprehensive advice 0.109*

R2 0.556

R 0.751**

F 59.4

Dependent and independent variables were rated on a 5-point scale, 1 = negative rating, 5 = positive rating.

Cells give βs, i.e. standardised regression weights, from final equation

Levels of significance are indicated as follows: **p < .001, *p < .050

Insignificant independent variables include the following: whether the audit was complex, was well priced, in line with earlier expectations,
identified immediate measures, needed adequate time /effort, was sufficiently specific; report covered relevant topics; report was well
structured; report was comprehensible/understandable; report was sufficiently extensive

R2 , variance explained; R, multiple correlation coefficient
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Many networks did not have problems with defining
a network target (nearly 50% of the surveyed companies
agreed with a respective statement in the second survey
wave), but if problems arose (reported by 32% of the
surveyed companies), this led to unsettledness in the
network as pointed out in the interviews by the consult-
ing engineers:

If there is a participant who is very cautious about
this and then makes a critical statement, this in-
fluences the whole group. However, in reality, it
depends on the group.

Another difficulty that emerged was that the network
timeframe repeatedly turned out to be too short to reach
(ambitious) targets, as many companies needed a rela-
tively long time, e.g. to settle investments. This is sug-
gested by comments that were added by survey partic-
ipants as well as by statements during the moderator
interviews.

Overall, there is little support from the evaluation
data for the assumption that network targets are an
important factor contributing to network success.

Intensive training

To explore whether network participation increases
knowledge, we analysed the third survey wave as well
as the moderator interviews.

In the third wave of the survey, participants were
asked to rate (1) the topics treated in the network meet-
ings, (2) the exchange of experience in these meetings,
and (3) the site visits offered as part of the meetings. All
three aspects were rated very positively, with site visits
rated the highest (cp. Figure 3).

Furthermore, 59% of the respondents reported that
they are in contact with other network members outside
the network meetings. Analysing an open question
about the content of these discussions shows that they

mainly concern specific technologies, with lighting be-
ing a significant topic as well as experiences with certain
measures.

Participants were also asked whether their expecta-
tions from the network phase were fulfilled (cp.
Figure 4). Aspects like identifying new ideas to reduce
energy consumption and the exchange with other com-
panies were ranked very positively.

This finding is also supported by the moderator in-
terviews, which indicate that the informal exchanges
between network participants helped them a lot in mak-
ing decisions:

[The direct exchange about experiences] is the
most important measure. (…) If I [as a participat-
ing organisation] talk about topics within the
network and if my network friend has already
done it and is convinced about it, then it is not a
sales event, but then he persuades me as a peer.

Network participation reduces transaction costs

The results in this section are based on an analysis of the
data from the additional survey on transaction costs with
78 participants. Transaction costs per measure were
found to vary between 0.3 and 423% of the investment.
The median is 10.4%. They mainly consist of informa-
tion costs and decision costs. The analysis shows that
taking transaction costs into account decreases the cost-
effectiveness of a measure but rarely renders it unprof-
itable. The annual energy cost savings and their profit-
ability are usually too high for such an outcome. The
capital value decreases by an average of 4% if transac-
tion costs are included, and the internal interest rate by
15%. The amortization period increases by 0.25 to
2.6 years on average. Furthermore, transaction costs
are negatively correlated with the costs for the invest-
ment, the energy consumption, and the turnover of the
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Fig. 3 Ratings of aspects
regarding the network meetings
from the third survey wave. 1 =
negative; 5 = positive. Sample
size 209–210 respondents
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company as well influenced by the type and the tech-
nology of the investment.

However, these figures do not indicate to what extent
transaction costs are positively or negatively influenced
by network participation. Therefore, the additional sur-
vey also asked about participants’ perceptions. It turns
out that 55 companies (71%) agree with the statement
that transaction costs are reduced by the exchange of
experiences during network meetings.

Discussion and conclusion

Energy efficiency networks are an increasingly impor-
tant instrument to help organisations reduce their energy
demand. In Germany, the federal government wants to
establish 500 such networks. Some research has already
been published on these networks and their success in
improving energy efficiency has not been questioned so
far. However, there has been relatively little research
into how and why they work. This paper is a first
explorative attempt to close this gap.

We draw on data from a pilot project in Germany,
which initiated and successfully managed 30 networks

and included the collection of a rich data set on technical
parameters (from energy audits and annual monitoring
of measures taken), and social science approaches (three
survey waves with the participating companies; inter-
views series with network initiators, consulting engi-
neers, network moderators; additional survey on trans-
action costs), as well as additional technical data from
the Mari:e project.

We make four assumptions about why networks
are successful: (1) audits make profitable potentials
visible; (2) the joint network targets on efficiency
and emissions increase the motivation of energy
managers, decision-makers, and other staff mem-
bers; (3) the meetings and site visits of the network
participants act like an intensive training course to
increase the knowledge of efficient solutions,
change decision routines, and lead to trust among
the participants; and (4) network participation re-
duces transaction costs.

The available data was then analysed to see whether
it supported our four assumptions. It is important to note
that this study is not a test of scientific hypotheses, but
tries to identify which of these assumptions is worth
investigating further in future research.

1 2 3 4 5

New ideas to reduce energy consump�on

Analysis of status quo in energy issues

Iden�fica�on of weak points

Exchange with other organisa�ons

Confirming ideas to reduce energy consump�on

Specific energy efficiency measures

Profitability of energy efficiency measures

Support in priori�sing measures

Reducing energy costs

Be�er public image

Reduce costs for searching and decision making

Central aspects of planning

Difficul�es in realisa�on and how to overcome them

Possibility to procure measurement equipment together

Possibili�es to exchange measurement equipment

Coopera�ve procurement of energy

Fig. 4 CaptionContent>Ratings of fulfilled evaluations by partici-
pating organisation in third survey wave. 1 = not fulfilled; 5 =
perfectly fulfilled. Sample size for this evaluation 90–207

respondents. Respondents could also choose that they did not share
this expectation; such answers are counted as missing for this figure.
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We find some support for the assumption that energy
audits make profitable potentials visible. First of all, the
technical data clearly show that relevant profitable po-
tentials and corresponding measures could be identified
in all participating companies, with an average of ten
measures per organisation—which is a higher number
than in other programmes (cp. Fleiter et al. (2014)).
Secondly, this interpretation of visibility is supported
by findings from the survey as well as the interviews.
Thus, we assume that the visibility of profitable poten-
tials is an important effect of the networks that should be
explored further, e.g. by relating visibility to success
indicators. It is important to note that identified poten-
tials are not identical with realised potentials and never
will be. Making them visible is a necessary first step to
providing companies with a list of starting points that
are worth pursuing. Overall, it is not realistic that all of
the identified measures will be realised in the end,
especially not within the lifetime of the network. Some
have a longer implementation time and some do not
make sense in the long run due to other restructuring
processes within the company, etc. Additionally, the
monitoring results also show that companies sometimes
engage in measures that were not part of the original list
identified in the audit.

We also expected that the joint network goals would
act as strong motivators. However, we found little sup-
port for this assumption and even some indications that
difficulties in defining the goals counteracted their
intended impact. As these were not unusual across the
networks, it is possible that the network moderators and
consulting engineers might not have focused enough on
emphasising the goals during the network process in the
pilot projects. This may be the reason why the goals
could not fully develop their motivational potential. In
any case, our data did not support our assumption. This
does not mean that network goals are not important, but
that our evaluation approach was not able to document it.

Regarding the third assumption, we find some sup-
port from the evaluation data that network participation
resembles a training course in energy issues by increas-
ing and confirming knowledge and thereby reducing the
risks associated with energy efficiency decisions. Final-
ly, the assumption about network participants benefit-
ting from the reduction of transaction costs is also sup-
ported by the survey data. It is important to note that, in
our paper, transaction costs are restricted to those for
implementing a measure and network participants were
positive that these are reduced by network participation.

This issue is closely related to our other assumptions,
e.g. networks act as an intensive training course. It
should also be pointed out that network participation
may lead to additional transaction costs which are not
taken into account by our respondents but which should
be considered when designing policy measures to en-
hance energy efficiency: Establishing and managing
networks also results in additional costs on a societal
level but to look into these is beyond the scope of this
paper.

To further develop the network concept, it is impor-
tant to identify the most relevant network elements and
how these can be optimised for maximum impact. For
example, what kind of initial audit is a necessary pre-
condition for success?What is most important about the
network meetings—technical input or informal ex-
change or the combination of both? A more thorough
investigation of these topics could also contribute to
defining minimum standards for efficiency networks.
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