
DOCTORAL THESIS NO. 28 

Improved energy efficiency in industrial small 
and medium-sized enterprises 

Regional energy efficiency network policy programs
 

Ida Johansson 

Gävle University Press 



Dissertation for the Degree of Doctor of Philosophy in Energy Systems to be publicly defended on 

Friday 11th March 2022 at 10:15 in 12:108, University of Gävle. 

External reviewer: PhD Inger-Lise Svensson, RISE 

© Ida Johansson 2022 

Cover illustration: Ida Johansson 

Gävle University Press 

ISBN 978-91-91-88145-87-1 

ISBN 978-91-91-88145-88-8 (pdf) 

urn:nbn:se:hig:diva-37595 

Distribution: 

University of Gävle 

Faculty of Engineering and Sustainable Development 

Department of Building Engineering, Energy Systems and Sustainability Science 

SE-801 76 Gävle, Sweden 

+46 26 64 85 00 

www.hig.se 



 

 

 

 
  

“If you cannot – in the long run – tell everyone what you 

have been doing, your doing has been worthless.”  

Erwin Schrödinger 



 

 

 
  



 

Abstract 

Despite large potential for improved energy efficiency in industrial small and 

medium-sized enterprises (SMEs), the full potential is not realized due to bar-

riers to energy efficiency. Two primary ways to realize the potential are to 

deploy energy management practices and conduct energy audits. However, 

such energy management practices are underdeveloped in non-energy inten-

sive SMEs and only half of the measures suggested from an energy audit are 

implemented. To address this problem, energy efficiency networks (EENs) 

provide vital services and support for SMEs, and may double the implementa-

tion rate of energy efficiency measures and the achieved energy efficiency, 

compared with an energy audit. 

This thesis studies regional energy policy programs for industrial SMEs, 

and EENs in particular. The results show that despite EEN participation, the 

energy efficiency potential in the production processes is left untapped and 

energy management is still underdeveloped in the SMEs. The results also show 

that EEN participation reduces some of the common barriers to energy effi-

ciency, but is insufficient in reducing all of them. The methodology, using the 

theory of barriers to evaluate the network process, can be used for future eval-

uations where it is recommended to apply the process evaluation while the 

EEN is operating, to assess the performance of the functions.  

From the top barriers to and drivers for energy management, organizational 

aspects seem to be of high importance, followed by barriers/drivers related to 

economy and knowledge. The major barriers to energy management seem to 

be more organizational in nature than the barriers to energy efficiency 

measures.  

The main contributions are a model for designing energy efficiency policy 

programs for SMEs, and a model for evaluation of policy programs in general, 

and EENs specifically. The thesis provides insights on key processes of oper-

ation of EEN programs for SMEs. The EEN model and its functions need to 

be further developed to improve energy management and also target produc-

tion processes in the SMEs. 

 
Keywords: Regional energy efficiency policy, energy efficiency networks, in-

dustrial SMEs, barriers, drivers, energy management  

 



 

Sammanfattning 

Trots stor potential för förbättrad energieffektivisering i industriella små och 

medelstora företag (SMF) förverkligas inte den fulla potentialen på grund av 

ett antal hinder för energieffektivisering. Ett primärt sätt att förverkliga den 

fulla potentialen är att arbeta med energiledning och genomföra energikart-

läggningar. Energiledningen är dock underutvecklad i icke-energiintensiva 

SMF och endast hälften av åtgärderna föreslagna i en energikartläggning ge-

nomförs. För att lösa detta problem bistår energieffektiviseringsnätverk (EEN) 

med viktiga tjänster och stöd till SMF vilket kan fördubbla implementerings-

graden av åtgärder såväl som den uppnådda energieffektiviteten, jämfört med 

en energikartläggning. 

Denna avhandling studerar regionala styrmedel för energieffektivisering i 

industriella SMF, och specifikt EEN. Resultaten visar att, trots deltagande i 

EEN, så förverkligas inte potentialen i produktionsprocesserna och energiled-

ningen är fortfarande underutvecklad i SMF. Resultaten visar också att EEN 

minskar några av de vanligaste hindren för energieffektivisering, men är otill-

räckligt för att minska dem alla. Metodiken, att med hjälp av hinderteori utvär-

dera nätverksprocessen, kan användas för framtida utvärderingar där det re-

kommenderas att tillämpa processutvärderingen medan EEN är i drift, för att 

bedöma funktionernas prestanda. 

Från de främsta hindren mot och drivkrafter för energiledning verkar orga-

nisatoriska aspekter vara av stor betydelse, följt av hinder/drivkrafter relate-

rade till ekonomi och kunskap. Hindren för energiledning verkar vara mer av 

organisatorisk form än hindren för energieffektiviseringsåtgärder. 

De huvudsakliga bidragen är en modell för utformning av energiprogram 

för energieffektivisering i SMF, samt en modell för utvärdering av energipro-

gram i allmänhet, och EEN specifikt. Dessutom ger avhandlingen insikter om 

nyckelprocesser för driften av EEN-program för SMF. Nätverksmodellen och 

dess funktioner behöver vidareutvecklas för att förbättra energiledningen och 

även nå produktionsprocesserna i SMF. 

 

Nyckelord: Regional energipolicy, energieffektiviseringsnätverk, industriella 

SMF, hinder, drivkrafter, energiledning 
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Introduction 

This chapter begins with a short introduction to the thesis, followed by the aim 

and research questions. The chapter ends with a paper overview, including a 

co-author statement.  

Climate change, due to anthropogenic emissions of greenhouse gases (GHG), 

is driving policymakers to make decisions to promote more efficient energy 

use, since energy use is closely related to the threat of global warming. In 2015, 

the International Energy Agency (IEA) estimated that small and medium-sized 

enterprises (SMEs) account for 99% of the total number of companies globally, 

and account for at least one-third of the total industrial energy demand [1]. 

Improved industrial energy efficiency plays a key role towards more carbon-

neutral energy systems. The potential level of energy efficiency in companies 

is not always fully realized, due to cost-efficient energy efficiency measures 

not always being implemented. This results in an energy efficiency gap, i.e., a 

gap between the potential level of energy efficiency and the level of energy 

efficiency actually realized. This has been illustrated in various scientific pa-

pers, with the earliest contribution from the 1970s by York et al. [2]. One of 

the more frequently cited publications is by Jaffe and Stavins [3], where the 

gap is explained by barriers related to market failure (e.g. imperfect infor-

mation, split incentives) and non-market related failures (e.g. high costs for 

implementation).  

The energy efficiency gap has been explained by various barriers to energy 

efficiency. By reviewing the existing literature, Sorrell et al. [4] identified bar-

riers to energy efficiency with a taxonomy of the barriers. The barriers vary 

due to factors such as company size, geographic location and production com-

plexity [5]. Barriers to energy efficiency have been widely studied while only 

a few empirical studies of specific driving forces have been conducted. For 

example, identifying drivers for improved energy efficiency in European 

foundries [5] and manufacturing SMEs [6], relating barriers and drivers to the 

decision-making process in Italian manufacturing SMEs [7] and a study of 

Norwegian manufacturing firms and factors improving the energy efficiency 

innovation in the sector [8]. Furthermore, drivers were found to vary with fac-

tors such as demand variability and competitors’ strength [9]. In later contri-

butions, the energy efficiency gap has been extended to also include an energy 

management gap, e.g. [10], meaning that the full energy efficiency potential 

will not be met by only investing in energy efficient technologies, but there is 

also a need for energy management practices. In contrast to the much studied 

barriers to and drivers for energy efficiency, there is a lack of research related 

to barriers to and drivers for energy management, with the exception of a study 

by Lawrence et al., focusing on the energy-intensive pulp and paper sector in 

Sweden [11].  

Whether one studies energy efficiency investments or energy management 

practices, these are related to decision-making about energy efficiency im-

provements. Energy efficiency decision-making in turn revolves around a 
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number of basic steps. As stated by Cooremans [12], decision-making related 

to energy efficiency measures is a process with the following steps: initial idea, 

diagnosis, build-up of solutions, evaluation and choice, and implementation. 

Relating Cooremans’ model to research on energy efficiency in industry, re-

search on improved energy efficiency in industry can be categorized into the 

following primary areas: studies of the energy efficiency potential, company-

specific energy efficiency measures and methods to improve energy efficiency, 

policy-specific measures and barriers to and drivers for adoption of measures 

for improved energy efficiency. 

Energy efficiency decision-making and implementation of energy effi-

ciency measures may regard benefits beyond direct energy cost savings, i.e., 

non-energy benefits (NEBs). NEBs can be on micro level, e.g. company level, 

such as increased production or improved company image, or on a macro level, 

e.g. national or international level, such as new job opportunities or reduced 

environmental impact [13]. NEBs of energy efficiency measures is an emerg-

ing research field but publications related to industrial energy efficiency 

measures are scarce [14]. Early contributions emanated from the US starting 

in 1999 [15] and were followed by later contributions from Europe. These stud-

ies include NEBs as a result of energy efficiency measures, primarily general 

energy efficiency improvement measures apart from a few exceptions on 

NEBs and compressed air systems, e.g. [16] and [17]. However, studies on 

NEBs in relation to energy policy programs are even more scarce, one excep-

tion being a study by Nehler et al. [18] where NEBs were identified from four 

policy instruments in Sweden. 

In a categorization by Tanaka [19], policies are divided into prescriptive 

policies (regulations, negotiated agreements), economic policies (taxes and tax 

reductions, subsidies, loans) and supportive policies (capacity building, public 

disclosure, cooperative measures). One major energy policy for industry is vol-

untary agreement programs, which are seen as an effective means to motivate 

and encourage industries to reduce their energy demand and GHG emissions 

[20]. The policies or policy instruments may not only be used separately but 

often combined or used as alternatives.  

A key policy instrument to raise awareness of the energy efficiency poten-

tial and reveal opportunities for improvements of energy efficiency in industry 

is to conduct an energy audit. Energy audit policy programs have been well-

established worldwide as a way to encourage energy auditing in companies. In 

a comparison between stand-alone energy audit programs and programs with 

integrated energy audit components it was found, among other things, that sub-

sidies for conducting energy audits, certification of auditor, standardized 

guidelines and follow-up activities are of high importance when designing ef-

ficient energy audit programs [21]. In a survey of over 300 policies, it was 

found that policies and energy efficiency measures are not of a general char-

acter that fits all types of industries and countries, and it was found that the ex-

post evaluations of policy instruments are too few to fully understand how they 

could be transferred to another situation, such as another country or another 

industrial sector [19].  
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Much attention, both in terms of research and policy, has been directed at 

energy-intensive industries, while non-energy-intensive industries and SMEs 

have received less attention [22]. This is despite the fact that a larger relative 

energy efficiency potential is identified in non-energy-intensive and SME in-

dustries, compared to the energy-intensive sector [23]. Within the European 

Union, the first European directive, heavily promoting improved energy effi-

ciency among SMEs, came in 2006 [24]. Based on that directive, a number of 

member states introduced energy audit programs for SMEs. For example, the 

directive gave rise to the first national energy audit program in Sweden [25]. 

The second European directive from 2012 further emphasized energy effi-

ciency among SMEs, with the additional note that large companies need to 

conduct energy audits every fourth year. Energy efficiency in general as well 

as SMEs have thus received greater attention in the past decade [26].  

There is no global standardized definition of the term “SMEs,” and the EU 

Commission defines SMEs as enterprises employing fewer than 250 employ-

ees, with an annual turnover below 50 million EUR and/or an annual balance 

sheet not exceeding 43 million EU [27]. In Japan, the Basic Law for SMEs 

defines SMEs as enterprises employing less than 300 employees or with 300 

million JPY (Japanese yen) of capital funds, and small-scale enterprises as hav-

ing less than 20 employees [28]. Furthermore, a commonly used definition 

from the US, by Shipley and Elliot [29], defines small firms as those that have 

less than 250 employees while medium-sized firms comprise 250–500 employ-

ees. 

Although the SME sector is a major driver in the economy with regard to 

innovation, GDP growth, employment, investments, and exports, research and 

policy activities related to improved energy efficiency in industrial SMEs have 

been scarce [22]. Typically, energy audit programs are the most commonly 

used means for energy efficiency in industrial SME and non-energy-intensive 

industry, while for large and energy-intensive industry, long-term agreements 

or voluntary agreements have been more common [30]. In addition to this, en-

ergy efficiency networks (EENs), investment subsidies, benchmarking and 

sector guidelines have been suggested as relevant policies to consider for in-

dustrial SMEs [28]. The majority of research towards improved energy effi-

ciency among industrial SMEs consists of evaluations of national energy audit 

programs, e.g. the German energy audit program [31], the US IAC (Industrial 

Assessment Centers) program [32], and the Swedish Project Highland [33], 

while international comparisons are scarce, with some exceptions being Price 

and Lu [21], Tanaka [19] and Thollander et al. [34].   

Compared to stand-alone energy audits, EENs can double the implementa-

tion rate, due to the additional support provided [35]. In an evaluation of on-

going Swedish EENs, the impact of the networks was evaluated, but the lack 

of stated impact figures from these networks, among other things, made the 

quantitative estimation of the energy efficiency potential not generalizable 

[36]. Väisenen et al. [37] have provided a guidebook for developers of energy 

audit programs, which includes an extensive method for monitoring and evalu-

ating energy audits. Furthermore, Andersson et al. [38] called for a harmonized 

standard for evaluating energy audit policy programs, to enable comparison 
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between programs. In a review of Swedish EENs for industry, one of the main 

conclusions was the lack of standards for operation and evaluation of industrial 

EENs, which in turn complicates quantitative evaluations of networks [36]. 

Currently there is no standardized method on evaluation of EEN policy pro-

grams, neither with regard to impact nor process evaluations. 

Aim and research questions 

The aim of this thesis is to study improved energy efficiency among industrial 

SMEs, primarily EENs as a policy means for improved energy efficiency in 

industrial SMEs. 

 

The following research questions have been formulated: 

1. What is the existing evidence base regarding design of energy effi-

ciency policy programs for industrial SMEs? 

2. What is the impact of an EEN policy program for industrial SMEs, 

i.e., how are energy efficiency deployed in such programs? 

3. What NEBs can EEN policy programs result in? 

4. How can EEN programs reduce barriers to energy efficiency? 

5. What are the common barriers to and drivers for improved energy 

management in SMEs?  

Scope and delimitations 

The scope of this thesis regards improved energy efficiency in industrial 

SMEs, in particular EENs as a means to improve energy efficiency in SMEs. 

The case studies have been carried out in the Gävleborg region in Sweden, and 

the companies have been studied in a Swedish context. The major scope of the 

thesis regards primarily industrial companies participating in EEN policy pro-

grams.  

In this thesis, definitions related to energy efficiency improvements are de-

fined in accordance to the following definitions by the European Commission 

[26]: 

 

 Energy efficiency is a ratio between an output of perfor-

mance, service, goods or energy, and an input of energy 

 Energy efficiency improvement is an increase in energy ef-

ficiency as a result of technological, behavioral and/or eco-

nomic changes 

 Energy efficiency improvement measures are all actions 

that normally lead to verifiable and measurable/estimable en-

ergy efficiency improvements 

 Energy saving is an amount of saved energy determined by 

measuring and/or estimating consumption before and after an 

implementation of one (or more) energy efficiency improve-

ments 
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 Energy efficiency improvement programs are activities 

that focus on groups of final customers and that normally 

lead to verifiable and measurable/estimable energy effi-

ciency improvement 

Furthermore, the studies in this thesis primarily follow the definition of SMEs 

by the European Commission, where SMEs are defined as enterprises employ-

ing fewer than 250 employees, with an annual turnover below 50 million EUR 

and/or an annual balance sheet not exceeding 43 million EUR [27]. For com-

panies belonging to a large corporate group, they are, within the scope of this 

thesis, considered SMEs if the single site falls under the definition of SMEs, 

in regard to turnover and number of employees. 

Paper overview and co-author contribution 

An overview of the papers included in the thesis is given below. 

 

Paper I. Johansson, I., Mardan, N., Cornelis, E., Kimura, O., & Thollander, P. 

(2019). Designing Policies and Programmes for Improved Energy Efficiency 

in Industrial SMEs. Energies Vol. 12: 1338. doi:10.3390/en12071338 

 

This paper was the starting point of my studies on energy efficiency policies 

towards industrial SMEs. The paper reviewed the current field of scientific 

journal papers related to energy efficiency policies and industrial SMEs and 

the results showed that papers on policies mainly focus on barriers to and driv-

ers for energy efficiency. Furthermore, energy audits are the main energy pro-

gram studied. The results from the literature review formed a basis for a sug-

gested method on how to design policies for improved energy efficiency in 

SMEs.  

I reviewed the included papers, analyzed their contents and wrote the orig-

inal draft. The co-authors read the draft and gave comments for improvements 

and in addition to this, Nawzad Mardan and Patrik Thollander supervised and 

commented on the work in progress. 

 

Paper II. Johansson, I., & Thollander, P. (2019). Non-energy benefits in en-

ergy audit and energy efficiency network policy programs for industrial SMEs. 

ECEEE 2019 Summer Study Proceedings. 225-234.  

 

Based on interviews with participants from the Swedish regional EEN program 

Energig and the Swedish national energy audit program (SEAP), this study 

aims to identify NEBs from the two policy programs. The interview guide was 

based on NEBs stemming from research, and apart from the preliminary find-

ing that participants from the audit program seem to mainly relate NEBs to 

technical installations while EEN participants also perceive NEBs from energy 

management practices, one result of the study was an additional NEB from the 

network participation, previously not specifically mentioned in the literature: 

new contacts with nearby companies.  
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The interview study and the interview guide were planned together with 

Patrik Thollander, while the interviews were scheduled, conducted and ana-

lyzed by me. I was the main author of the paper but the progress of the study 

was continuously discussed with Patrik Thollander. Sections covering the the-

oretical background, results and analysis were mainly written by me, while the 

remaining parts of the paper were written together with Patrik Thollander.   

 

Paper III. Jalo, N., Johansson, I., Kanchiralla, F., & Thollander, P. (2021). Do 

Energy Efficiency Networks Help Reduce Barriers to Energy Efficiency? - A 

Case Study of a Regional Swedish Policy Program for Industrial SMEs. Re-

newable & Sustainable Energy Reviews, 151. doi:10.1016/j.rser.2021.111579 

 

Noor Jalo and Fayas Kanchiralla designed the interview guide. During their 

interviews, I joined and scheduled interviews with Energig companies, which 

I already had contact with. From there, we developed and wrote the scientific 

paper from the study. Noor Jalo, Fayas Kanchiralla and I conducted the inter-

views, mainly on site, with a few held online for practical reasons. The three 

of us also analyzed the results from the interviews, while Noor Jalo and I wrote 

the main parts of the paper, with additional input from Fayas Kanchiralla. 

Patrik Thollander provided guidance during the interviews and supervised and 

commented on the work throughout the process. 

 

Paper IV. Jalo, N., Johansson, I., Andrei, M., Nehler, T., & Thollander, P. 

(2021) Barriers to and Drivers of Energy Management in Swedish SMEs. En-

ergies 2021, 14, 6925. doi.org/10.3390/en14216925 

 

This paper was based on a questionnaire to company representatives, aiming 

to illustrate the energy management maturity in industrial SMEs and explore 

barriers to and drivers for energy management within industrial SMEs. This is 

a relatively unstudied field and therefore the method was strongly inspired by 

a previous similar study of the large energy intensive pulp and paper sector in 

Sweden, but adapted to the specific context of this study.  

The study and questionnaire were designed by Noor Jalo, Therese Nehler, 

Patrik Thollander and me. Noor Jalo was the main author but the manuscript 

was mainly written together by me and Noor Jalo. The two of us also distrib-

uted the questionnaire, gathered and analyzed the data. Mariana Andrei wrote 

the parts related to multi-level perspective. Patrik Thollander and Therese Neh-

ler supervised and commented on the work continuously.  

 

Paper V. Johansson, I., Johnsson, S., & Thollander, P. (submitted). Impact 

evaluation of an energy efficiency network policy program for industrial SMEs 

in Sweden. 

 

This paper is mainly based on energy data from energy audits that were carried 

out during the three years of the Energig network program. The data from the 

audits were combined with interviews, where company representatives were 

http://dx.doi.org/10.1016/j.rser.2021.111579
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asked about their implemented measures and future plans for energy efficiency 

improvements.  

This paper was planned and initially written by myself, while an evaluation 

of the cost effectiveness and reduction of GHG mitigation was done by Simon 

Johnsson. He wrote parts related to CSC curves and GHG abatement curves, 

while other parts were written by me. Patrik Thollander supervised and com-

mented on the work.  
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Energy Efficiency in Industrial SMEs  

This chapter provides a background to the thesis, starting with a presentation 

of industrial energy use. Furthermore, general energy efficiency policy for in-

dustry is presented, and energy audit and EEN programs specifically. The 

chapter ends by providing a background of barriers, drivers and NEBs. 

Background 

The industrial sector accounts for a large share of the global energy use. In 

2020, the industrial sector accounted for 38% of the total global energy end-

use [39]. In Sweden, the industrial energy end-use accounted for 39% of the 

total energy end-use in 2019 [40], see Figure 1. Three sectors accounted for 

75% of the industrial sector’s final energy use: pulp and paper; iron, steel and 

metal plants; and the chemical industry [41]. For the industrial sector in Swe-

den, biomass and electricity are the main energy carriers, representing 41% 

and 34% of the total energy end-use respectively, followed by coal and coke 

which only represents 9% [40]. There are no similar publicly available figures 

for energy end-use in Swedish SMEs.  

 

 
Figure 1. The energy end-use by sector and by energy carrier within the industrial sec-
tor in Sweden, 2019 [40]. 

In 2015, IEA estimated that more than 99% of the companies can be considered 

SMEs, providing 60% of global employment. More than 13% (74 EJ) of the 

total energy end-use globally is used by SMEs [1]. Furthermore, the IEA esti-

mated that by implementing cost-effective energy efficiency measures in 

SMEs, it would be possible to reduce the energy demand by 22 EJ, i.e., roughly 

30% [1]. The energy efficiency potential for the total industrial sector has been 

estimated to about 25% [42].  

Processes within an industry can be divided into two categories: production 

processes (processes needed to produce the product), and support processes 

(processes that support the production but are not needed for the production 

itself) [43]. Table 1 shows the categorization of the unit processes used in this 

thesis. The unit processes can be considered the building blocks of the energy 



9 

end-use and facilitate both the comparison between companies and the simu-

lation and optimization of different processes. Research shows that the main 

potential has been found in the support processes, e.g. in the evaluation of a 

Swedish energy audit program [33] and in an evaluation of a German energy 

audit program it was found that building-related measures (including 

improvements related to the heating system, ventilation and air conditioning, 

lighting system and insulation of the building) accounted for a larger share of 

the energy efficiency potential [31]. In a study by Backlund and Thollander 

[46], the impact of the Swedish Energy Audit Program (SEAP) was evaluated, 

finding that the main potential in the support processes was found in space 

heating and ventilation, where implementation of energy efficiency measures 

imply low or no risk for production disruption.  

Table 1. Categorization of unit processes within industries [43,47]. 

Production processes Support processes 

Disintegrating Administration 

Disjointing Space cooling 

Mixing Lighting 

Jointing Compressed air 

Coating Ventilation 

Molding Pumping 

Heating Hot tap water 

Melting Internal transport 

Drying Space heating 

Cooling/Freezing Steam 

Packing  

There are three ways to improve the energy efficiency: energy efficient tech-

nologies, conversion of energy carrier, and energy-efficient behavior. In addi-

tion to this, load management is a way to reduce energy costs but does not 

improve the energy efficiency [48]. 

Industrial energy efficiency policy programs 

Policies are implemented as a means to achieve energy targets, e.g. improved 

energy efficiency, reduce share of fossil fuels, or reduce GHG emissions [49]. 

Policies can be categorized into administrative (rules, regulations, negotiated 

agreements, etc.), economic (taxes, subsidies, loans, etc.), and informative pol-

icies (energy auditing) [50]. These could be used separately but often in a mix 

where they are used in combination. For medium-sized and energy-intensive 

companies, regulatory incentives are important as these companies generally 

have a moderate capability to work with energy efficiency together with a sig-

nificant share of the major costs related to energy use [51]. Long-term agree-

ments or voluntary agreements are effective means for these companies [20]. 

However, for small-sized and non-energy intensive companies that often do 

not have the full capacity to work with energy efficiency, there is a need for a 
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more supportive approach, such as energy audits and consultancy offering 

specified and customized information on energy efficiency measures on site 

[51].  

The first European directive promoting energy efficiency in SMEs came in 

2006 [24] and since then, European Union member states have launched a 

number of energy audit programs, e.g. the first national energy audit program 

in Sweden was launched as a result of this [25]. In 2012, the second European 

directive came, further emphasizing energy efficiency in SMEs, and with the 

additional demand of energy auditing for large companies every fourth year 

[26]. Since then, energy policies towards industrial SMEs have received more 

attention both in terms of research and in launched energy efficiency policy 

programs in Sweden and other member states [52].  

By reviewing available regional policy programs in seven regions in Europe 

it was found that the most common industrial energy policy means towards 

industrial SMEs were energy audit programs and investment subsidies [53]. 

Programs involving energy management components are mainly on a national 

level and target large companies, and the regions completely lack benchmark-

ing schemes for SMEs [53]. 

Energy audit programs 

Energy audit programs are the most common policy means towards improved 

energy efficiency in SMEs and are the first step towards increased attention 

and awareness connected to improved energy efficiency in the company. They 

can be considered a first-generation energy efficiency policy program. Differ-

ent energy audit programs have been established worldwide to encourage com-

panies to complete an energy audit. However, a study of four projects funded 

by Horizon 2020 showed that few SMEs undertake an energy audit and most 

of them need additional support to implement energy efficiency improvements 

that are not simple measures [54].  

For energy audit programs to be efficient there are important components 

to consider when designing such program, including subsidies for the energy 

audit, certification of the auditor, standardized guidelines and follow-up activ-

ities [21]. The European standard for energy auditing (EN 16247) divides the 

process of the energy audit into the following steps: preliminary contact, start-

up meeting, data collection, field work, analysis, report and final meeting. The 

standard includes five parts, one of which relates to the competence of the au-

ditor, and this part includes an overview of the knowledge required by the au-

ditor, as well as the education, work experience and training needed to preserve 

and improve the auditor competence [55]. In addition to the European standard 

there is also an international standard for energy auditing (ISO 50002) that 

requires NEBs to be included in the investment calculations of the energy ef-

ficiency measures. This standard classifies energy audits into three levels, 

where level 1 audits are basic assessments based on e.g. invoices. In level 2 

audits, the assessments are supplemented by simple measurements of major 

equipment. The energy end-use is presented in unit processes to provide a more 

detailed mapping of the energy demand in the company. Level 3 audits are 
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detailed analyses based on advanced simulations together with detailed meas-

urements [56]. Furthermore, Väisenen et al. [37] have presented a guidebook 

for developers of energy audit program, including an extensive method for 

monitoring and evaluation of the energy audits. 

Industrial Energy Efficiency Networks 

Reasons for networking among companies may be related to e.g. cost reduc-

tions by sharing resources and information, or to decrease the work related to 

administration or bureaucracy [10]. There are different types of networks de-

scribed in the literature: 

 

 Cluster: closely located companies that are competitors but 

willing to cooperate [57].  

 Industrial district: an area where employers and workers live 

and work. Companies are competitors but willing to cooper-

ate [58]. 

 Strategic network: deliberate and long-term networks, where 

companies within the network have a competitive advantage 

over companies outside of the network. They are willing to 

cooperate and share information. The companies themselves 

choose to participate [59]. 

 Regional strategic network: a strategic network supported by 

external actors, including companies in a specific geographic 

area. The companies are willing to cooperate and share infor-

mation. The companies themselves choose to participate 

[58]. 

An industrial EEN may be considered a second-generation energy efficiency 

policy program, which in addition to energy auditing adds vital support in the 

form of a network. EENs are a form of regional strategic network where a 

group of companies continuously meet to share knowledge and experiences 

related to energy efficiency. The networks are coordinated by an external net-

work coordinator. Throughout the network program period, the companies 

work together with the network coordinator towards set energy goals, both on 

network level and company level. The performance of the network is moni-

tored regularly [10].  

EENs were first introduced in Switzerland in the late1980s, in the network 

“Energy Model Zurich” which was a means to enable collaboration between 

companies as a way to improve energy efficiency [60]. The aim of the network 

was to help the private sector reduce energy use and CO2 emissions and the 

result of the network was significant energy efficiency improvements within a 

few years [60]. A similar initiative was later implemented in Germany in 2002 

[61] where 30 pilot networks were implemented aiming to establish an energy 

management system and show the benefits of EENs, and in Sweden, the Swe-

dish Energy Agency ran 34 regionally located EENs between 2016 and 2021 
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[62]. The German network, called Learning Energy Efficiency Network 

(LEEN), operated using LEEN standards and has since the first implementa-

tion extended to many other networks [61,63] and EENs are now a key policy 

instrument in Germany towards energy efficiency in industries. The LEEN net-

work consist of three phases: initiation phase, energy review phase, and net-

work operation phase. In the initiation phase the concept of the network is pre-

sented. In the energy review phase, the potential energy savings are identified 

by questionnaire or site visits. Targets related to emission and energy reduction 

are stated.  

The network operation phase includes monitoring of results as well as net-

work functions such as meetings with lectures, presentation of realized 

measures, experience sharing, etc. [64]. The major stakeholders of an EEN are 

(inspired by [65]): 

 

 Network administrator: administrates the program, responsi-

ble for evaluation, etc. 

 Network operator: the actual network operator/coordinator, 

works closely with the companies and the technical expert(s) 

 Participant: the group of participating companies 

 Technical expert(s): expert(s) in charge of energy audits, sup-

ports the companies in technical assessments, etc. 

There are currently no ex-post impact evaluations of EENs published in the 

scientific literature. However, there are some attempts to qualitatively evaluate 

the network process, e.g. an evaluation of the German “30 Pilot Networks,” 

where a majority of the participants claimed that benefits gained from the net-

work participation were high or very high, while the time required for partici-

pation was rather low. Furthermore, they also said that they gained contacts 

used outside of the network [63]. Despite this, experiences from the German 

networks show that it is rather difficult to convince companies to join the net-

work program and in order to convince one company to participate, three to 

four working days are required for this [66]. According to the participants, the 

trustworthiness of the networks and of the recruiting person is of high im-

portance. Personal contacts with the network operator or consulting engineer 

were reported as half of the reasons to join a network [66]. Chassein et al. 

evaluated regional EENs to investigate if they had a positive impact on partic-

ipants. The results showed that the exchange of experiences was the network 

component most appreciated by the participants [67]. The joint targets of en-

ergy efficiency and CO2 reductions increased the priority of energy efficiency 

in the companies which in turn motivates top management to invest [68]. In 

addition to this, there has been an attempt to evaluate the impact of industrial 

EENs in Sweden, by conducting interviews and distributing questionnaires 

among participants. However, it was not possible to use the results to evaluate 

the impact of the network since the companies were not able to provide any 

numbers related to energy savings due to implemented measures. Furthermore, 
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the lack of general characteristics of networks and lack of standardized ap-

proaches to evaluate networks complicated the evaluation. [36] Results from 

the Swedish national EEN program, EENet, were presented in a final report, 

where the achieved energy efficiency was stated as 14% [69]. However, it 

should be noted that the free-rider effect was not estimated for the project and 

therefore not included when attributing the energy efficiency to the program. 

The Swedish regional energy efficiency network Energig 

The specific regional EEN (Energig) studied in this thesis originates from Par-

amonova et al.’s [65] model for EENs and was the first scientifically grounded 

network program in Sweden. The network model has standardized guidelines 

and clear targets and is based on planning activities to reach goals of improved 

energy efficiency. Figure 2 illustrates key processes and logic related to plan-

ning, implementation, learning and development of the network model.   

 

 
Figure 2. Key processes and logics behind the concept of Energig (partly based on 
[65]). 

There are four phases of the Energig EEN program, see Figure 3, where the 

first phase includes e.g. recruitment of participating companies and declara-

tions of intent from CEOs. The second phase is the energy audit phase, when 

an initial energy audit is conducted and goals are set for the network. The third 

phase is the network phase with regular network meetings for information and 

knowledge sharing, education, etc., followed by the last phase which involves 

evaluation and follow-up activities. 
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Figure 3. The phases of Energig EEN project, inspired by [10]. 

The EEN program is a form of indirect energy service offering technical ex-

pertise as well as knowledge transfer to firms. It is continuously monitored and 

managed [70]. The major functions of the operation of EENs in general, and 

Energig in particular, are energy audits, lectures on energy efficiency topics, 

consultancy with energy experts, network meetings, and presentation and dis-

cussion of realized measures, which are described in more detail in  

Table 2.  

Table 2. Functions of the operation of the Energig network program [71]. 

Network function Description 

Energy audit The first step of the network process 

is conducting an energy audit. A free 

of charge energy audit is offered by 

an experienced auditor, conducted 

on site. The companies can also 

choose to carry out the audit them-

selves, using an innovative software 

for energy auditing or have final-

year energy engineering students 

conduct the audit. Companies that 

already conducted an energy audit 
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are encouraged to update it within 

this phase of the program. 

Lectures on energy efficiency Each network meeting includes a 

lecture on energy efficiency, on a 

topic requested in advance by the 

participating companies. The lec-

tures are given by experts on the 

field and include both technical 

knowledge as well as information 

about best available techniques in 

the field. 

Consultancy with energy experts Technical experts involved in the 

network program are available for 

consultancy with the companies, 

throughout the network program. 

The network operator works as a 

support for the companies to get in 

contact with specific experts for 

their consultancy needs. 

Network meetings Network meetings are held regularly 

where participating companies meet 

and exchange experiences and 

knowledge. Each network meeting 

relates to a predefined topic, re-

quested by the participants. 

Presentation of realized measures The network meetings are held at the 

company sites and include a site 

visit at the hosting company, where 

they present their processes and im-

plemented and/or planned energy ef-

ficiency measures. The Energig net-

work participation also includes en-

ergy efficiency measures derived 

from a unique database that covers 

measures from previous energy au-

dits. 

The Energig project that was under operation during 2015-2019 was a free-of-

charge service for the participating companies and the key activities included 

in the program were [70]:  

 

 Regular meetings with SMEs for initiating energy audits, for-

mulating goals and action plans, exchanging knowledge and 

follow-up activities 
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 Study visits at participating companies, where the hosting 

company representative showed the production as well as the 

previously implemented energy efficiency measures 

 Energy audits carried out in the initial phase of the program, 

using an innovative software for energy auditing 

 Access to a database of energy efficiency measures from pre-

vious industrial energy efficiency programs 

The Energig project was evaluated in terms of e.g. completed network activi-

ties, project logic, results, and fulfillments of goals, presented in a final report 

[72]. In addition to this, an ongoing evaluation of the project was conducted, 

with focus on the recruitment of companies and the energy audits conducted 

[70]. 

Overview of Swedish regional energy efficiency policy programs 

Gävleborg is one of 22 counties in Sweden with a population of 287,000 and 

includes 10 municipalities [73]. The county of Gävleborg is heavily industri-

alized with a relatively high energy use per capita and more than half of the 

total energy end-use attributed to industry [74]. The industrial sector in the 

region represents approximately 6% of the total industrial energy end-use in 

Sweden [23]. By the time research in this thesis was conducted (2015-2021), 

the following public regional policy programs were or have been available for 

SMEs [53]:  

 

 Regional administrative policies: County administrative 

boards and municipalities have a responsibility to ensure that 

the Environmental Code is complied with, which also in-

cludes the requirements for energy management, and that 

companies primarily use renewable energy. Operational su-

pervision involves both control of the legislation but also pre-

ventive measures in the form of information. For most SMEs, 

there is law enforcement at the municipal level which could 

include demand for SMEs to conduct and submit an energy 

audit report to the county administrative board [75]. There is 

generally no follow-up or evaluations on this type of policy. 

 

 Regional informative policies: Once the SME has carried 

out an energy audit by the national energy audit scheme, the 

regional energy agency can offer support when SMEs are ap-

plying for investment funds. On the municipal level, SMEs 

are offered local climate and energy consultancy. The Uni-

versity of Gävle administered a regional EEN program spe-
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cifically targeting industrial SMEs. As a spinoff to this net-

work program, a network program focusing on energy man-

agement via Lean was launched in 2019. 

 

 Regional economic policies: SMEs can apply for invest-

ment support via Region Gävleborg’s funding programs. The 

support can include costs for external consultancy for e.g. an-

alyzing the energy use, energy efficiency improvements, life 

cycle assessments of products, generating key figures or in-

troducing energy management systems [76].  

 

Apart from the regional policy programs there are national policies such as 

energy and CO2 taxes, electricity certificates, energy audit programs and EEN 

programs [77]. 

Barriers and drivers 

Despite the relatively high energy efficiency potential in industrial SMEs, there 

is a gap between the actual level of energy efficiency and the potential, i.e., the 

energy efficiency gap, e.g. [2]. This is explained in the research by a number 

of barriers to implementation of energy efficiency improvements. 

Barriers to energy efficiency 

A barrier can be defined as “a postulated mechanism that inhibits investments 

in technologies that are both energy-efficient and economically efficient” [81]. 

Based on a review, Sorrell et al. [82] listed 15 barriers to energy efficiency 

improvements, divided into economic, behavioral and organizational barriers. 

The barriers and explanations of these are found in Table 3. However, Weber 

[84] argues that any of the existing barriers have institutional, economic, or-

ganizational and behavioral components and that any real-world phenomena 

may be explained. In the taxonomy by Cagno et al. [85], applicable to empiri-

cal research, barriers are categorized into external or internal barriers. Internal 

barriers are divided into economic, behavioral, organizational and barriers re-

lated to competence or awareness, while the external barriers are related to e.g. 

the market, politics, technological suppliers and energy suppliers.  

Table 3. Barriers to energy efficiency improvements, based on [78]. 

Barrier Explanation 

Imperfect information Lack of information hinders imple-

mentation of cost-effective energy 

efficiency measures.  

Adverse selection If the buyer knows less about the 

technology than the seller, the buyer 

may base the choice on e.g. price or 

visual aspects. 
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Split incentives When the department or person im-

plementing the measure cannot gain 

the benefits from it. 

Principal-agent relationship Strict monitoring by the principal, 

due to lack of insight of what the 

agent is doing, may result in ignored 

energy efficiency measures. 

Heterogeneity Implementation of energy efficiency 

measures and the benefits from it 

may differ between sites. 

Hidden costs Costs that are not visible when ana-

lyzing the potential of the measure, 

e.g. costs of collecting information, 

production disruptions, etc. 

Access to capital Limited access to capital. 

Risk Risk prevention. 

Bounded rationality Decisions are made by rule of 

thumb, and not on information. 

Form of information Information should be simple, per-

sonal, and specific to increase the 

acceptance of the information. 

Credibility and trust The source of information must be 

credible and trustworthy. 

Inertia Reluctance to change. 

Values People with real ambitions are more 

likely to prioritize energy efficiency 

improvements in the organization. 

Power or status Low status of energy efficiency in 

the organization leads to the topic 

having a lower priority. 

Culture Encourage a culture of environmen-

tal awareness. 

There are numerous studies on barriers to energy efficiency in industrial SMEs.  

In a European study, it was found that Swedish foundries perceived barriers 

higher than average, which was also the case for small enterprises and enter-

prises with simpler production [5]. For SMEs, barriers are generally perceived 

as greater in the earlier stages of the decision-making process, and barriers that 

are related to information and behavior in particular [6]. In a study of Italian 

SMEs, it was seen that the main perceived barriers do not correspond to the 

main real barriers. The major barriers perceived by the SMEs were related to 

economics and information, while the real barriers seemed to relate to lack of 

interest or other priorities [86]. The main barriers and drivers in small food 

retail companies were economic-related [87]. In a self-assessment including 

500 European SMEs it was seen that lack of awareness and support from top 

management were considered major barriers [88]. Backman [89] investigated 
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barriers in micro and small companies that had participated in a Swedish local 

energy program. The main barriers were lack of time, other priorities and slim 

organization. The respondents also mentioned that the main benefit from the 

energy program was the information they obtained from participating [89]. In 

a study by Trianni et al. [90], the relationship between energy efficiency 

measures and other production resources in Slovenian SMEs was explored. 

Decision-makers carefully considered effects energy efficiency measures may 

have on the production resources, both negative and positive effects, especially 

the ones closer to production [90]. 

Considering barriers to technology-specific measures, measures related to 

compressed air and heating, ventilation and air conditioning systems showed 

greater barriers in relation to investment costs, trustworthiness of information 

and hidden costs than compared to measures related to lighting and motors. In 

addition to this, lower complexity of production seemed to be related to higher 

perception of barriers [91]. Furthermore, barriers in compressed air systems 

are mainly related to economic investments and more specifically other prior-

ities for capital investments, access to capital and lack of budget funding [17].  

Drivers for energy efficiency 

Drivers for energy efficiency could be considered factors that promote private 

investment in energy efficiency, in other words factors that facilitate imple-

mentation of measures, increase the return and/or reduce risks of investments 

[92]. Or as defined by Thollander and Ottosson [93] as the opposite of barriers, 

i.e., factors that stress investments in technologies that are energy efficient and 

cost-effective. Not only are public policies of importance but also organiza-

tional and behavioral driving forces. Thollander and Ottosson [93] divided the 

drivers into four categories: 

 

 Market-related driving forces: A company tries to minimize costs by 

improving the energy efficiency. Therefore, examples of market-re-

lated drivers are the cost reduction from reduced energy use [94], 

threat of rising energy prices and competition [83], and energy service 

companies and third-party financing [24].  

 Policy instruments: Different policy instruments that directly or indi-

rectly affect the energy costs and implementation of energy efficiency 

improvements in organizations. For Sweden, the carbon and electric-

ity tax, the law of energy audits for large companies and the Swedish 

Environmental Code are examples of policy instruments that may be 

considered drivers to energy efficiency investments [93].  

 Behavioral and organizational driving forces: In addition to market-

related drivers and public policy instruments, there are behavioral and 

organizational driving forces that are of importance. These could be 

the green image of a company [94], people with real ambitions, long-

term energy strategy, energy or environmental management systems 

[95], and improved work environment [96]. 
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Rohdin and Thollander [83] identified people with real ambitions and a long-

term energy strategy as main driving forces for energy efficiency in non-energy 

intensive manufacturing SMEs. Trianni et al. identified drivers of industrial 

energy efficiency in European SMEs and found that drivers related to econom-

ics were perceived as most important among the studied companies [6]. The 

main driver for energy efficiency in the food retail sector was found to be cost 

reduction from lower energy use as a result of implementation of energy effi-

ciency measures, followed by subsidies for energy efficiency [87]. In a review 

of empirical drivers to energy efficiency among manufacturing firms, it was 

found that the main drivers were related to organization and economy, with an 

emphasis on management and operating costs. Furthermore, the findings from 

the review indicated a misalignment between energy policy-makers and firm 

managers when it comes to the understanding of the importance of various 

factors for improving energy efficiency in manufacturing firms [97]. Lane et 

al. identified drivers to battery storage of a photovoltaic system in modern ag-

riculture, the most important of which was related to economics, i.e., to use a 

larger part of the produced electricity oneself [98]. In addition to this, a study 

of manufacturing firms in Norway implies that a more highly educated work-

force as well as cooperation with competitors and/or universities lead to in-

creased energy efficiency in the sector [8]. 

The extended energy efficiency gap 

The studies on barriers to and drivers for energy efficiency have mainly fo-

cused on barriers to implementation of energy efficient technologies. Previous 

research argues that the level of energy efficiency potential would be higher if 

the potential related to energy management practices were included [99]. 

Simply by investing in energy efficient technologies, the full potential of in-

dustrial energy efficiency will not be met. In order to successfully fill the en-

ergy management gap there is a need for managerial practices, such as moni-

toring and operational routines. Management practices also include e.g. aware-

ness and knowledge and information related to the processes, flows and energy 

efficiency in general, which facilitates the improvement of energy efficiency 

[99]. The extended energy efficiency gap is illustrated in Figure 4. 

 

Figure 4. The extended energy efficiency gap, revised from [99]. 
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An attempt to estimate the magnitude of the energy management gap was done 

by analyzing data from the Swedish Programme for Improving Energy Effi-

ciency in Energy Intensive Industries (PFE), where 35-38% of the measures 

were considered to be of managerial type [100]. Notably, this quantification is 

based on data from large, electricity-intensive industries and may not be fully 

applicable for SMEs.  

Barriers to and drivers for energy management  

While the barriers and drivers to implementation of energy efficiency measures 

are widely studied, the research on barriers and drivers to energy management 

in industry and SMEs are scarce, with the exception of the study by Lawrence 

et al. [11], where barriers to and drivers for energy management were studied 

in the pulp and paper industry in Sweden. The main drivers found were related 

to economic factors, e.g. cost reduction from lower energy use while the bar-

riers mainly related to the organization, e.g. slim organization. Knowledge-

related barriers, e.g. high complexity of production processes and drivers, e.g. 

access to internal competence with knowledge of the processes, were seen to 

play an important role in relation to energy management, emphasizing im-

proved training and communication of knowledge. Voluntary agreements were 

suggested as a more effective driving factor for energy management than the 

law of energy audits. However, the study by Lawrence et al. [11] was con-

ducted focusing on large pulp and paper industries and therefore might not be 

fully representative for industrial SMEs.  

Non-energy benefits 

Energy efficiency improvements can lead to benefits beyond reduction of en-

ergy use and energy costs. The IEA [101] presents NEBs, or multiple benefits, 

including benefits at individual level, sector level, national level and interna-

tional level. Finman and Laitner [102] and Worrell et al. [103] categorize NEBs 

at individual and sector level in accordance with where they are found within 

the organization: production, operation and maintenance, work environment, 

waste, and other. Table 4 show typical examples of NEBs related to energy 

efficiency measures in the industrial sector, based on a review by Nehler et al. 

[13]. 

Table 4. NEBs related to energy efficiency improvements in industry, based on [13]. 

Type of NEB Typical example 

Production Increased production rate 

Improved quality of products 

Increased production reliability 

Increased life-time of technol-

ogy/process 

Shorter cycle time of processes 

Reduced use of raw material 

Operation and maintenance Maintenance reduction 

Lower cooling demand 
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Reduced labor demand 

Reduced need for engineering con-

trol 

Working environment Improved safety for workers 

Reduction of noise 

Improvement of air quality 

Improved control of temperature 

Improvement of lighting 

Waste Reduction of waste water 

Reduction of hazardous waste 

Reduced use of waste fuel, heat, gas 

Reduced use of material 

Emissions Reduced emissions of e.g. CO, CO2, 

NOx, SOx 

Reduced emissions of dust 

Other Improved company image 

Improved work ethics 

Increased levels of sales 

Quantifying the mentioned NEBs in monetary terms is often difficult, leading 

to them being neglected in the analysis of the potentials of the investments. 

This could lead to energy efficiency potentials being left untapped as the po-

tentials are underestimated. In a study of NEBs by Finman and Laitner [102] 

it was possible to quantify the NEBs in monetary terms in almost 70% of the 

cases, and when including them in the economic analysis, the payback time 

was cut by a factor of two. In many of the cases, the NEBs matched or were 

greater than the cost reduction due to the actual energy savings [102]. In a 

similar study by Lung et al. [104], the payback time was cut by a factor of 1.5 

when quantified NEBs were included in the analysis. Hall and Roth [105] 

showed that the value of NEBs, when possible to quantify them, were 2.5 times 

higher than the cost savings from the energy use reduction. Including the quan-

tified NEBs in the analysis of the potentials of energy efficiency improvements 

could make the measures more profitable then when the NEBs are neglected. 

A review of NEBs on firm level revealed a lack of categorization of the bene-

fits [106]. Furthermore, the review found that there were few studies of NEBs 

at the individual firm level and most publications concern attempts to quantify 

NEBs in monetary terms, to include them in investment calculations [106]. 

Studies on NEBs generally include benefits in relation to general energy 

efficiency measures, apart from studies by Nehler [16] and Nehler et al. [17], 

relating NEBs to energy efficiency measures in compressed air systems. Stud-

ies on NEBs in relation to energy policy programs have been scarce, with the 

exception of Nehler et al.’s investigation of NEBs from four Swedish policy 

instruments, showing that policy administrators seemed to be more aware of 

the benefits than energy auditors and companies [18].  
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Methodological approaches for studying NEBs are not well described in the 

available published papers. Based on a review, Nehler [14] suggests a method-

ology on how to study NEBs, ex-post and ex-ante. The methodology includes 

five steps: observation, measuring, quantification, monetization, and impact 

assessment [14].  
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Methodology 

This chapter presents the overall methodological approach and the applica-

tions of the methodologies in the papers in the thesis.  

 

Research Design 

Primary methodologies to answer the research questions can be seen in Table 

5. The literature review in Paper I covered energy efficiency policies for im-

proved energy efficiency in industrial SMEs. At the time when the literature 

review was conducted there were no found scientific journal papers published 

related to barriers and drivers to energy management in SMEs and NEBs from 

energy policy programs. 

Table 5. Preliminary methods applied in the papers. 

Paper RQ1 (Ev-

idence 

base) 

RQ2 (Im-

pact of 

EEN) 

RQ3 

(NEBs) 

RQ4 

(EEN’s 

impact 

on barri-

ers) 

RQ5 

(Barriers 

to energy 

manage-

ment) 

Paper I Literature 

review 

Literature 

review 

(Litera-

ture re-

view) 

Literature 

review 

(Litera-

ture re-

view) 

Paper II   Inter-

views 

 

Multiple 

case study 

  

Paper III    Inter-

views 

 

Multiple 

case study 

 

Paper IV     Question-

naire 

 

Multiple 

case study 

Paper V  Impact 

evalua-

tion 

 

Multiple 

case study 
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Case study design 

Case study is one of several research designs applied in both engineering and 

social science research. The type of suitable research method depends on three 

conditions: the form of research question, the investigator’s control over the 

events, and the focus on either contemporary or historical phenomena [107]. 

Yin [107] presents the situation as suitable for case study research when an in-

depth understanding of the phenomena is wanted, when the research question 

asks either “how” or “why,” when the investigator has no control over the 

events, and when the research has a contemporary focus. However, the re-

search designs can overlap and more than one could be appropriate for the re-

search. Planning the research design is important in order to choose the one 

most advantageous for the purpose [107]. 

The research could be a single case study or a multiple case study depending 

on the number of cases investigated. Using only one case (single case study) is 

preferred if the case is critical to test a well-formulated theory, if the case is 

extreme or unique, if the case is representative of an average, if the case gives 

the investigator the opportunity to analyze a previously unapproachable phe-

nomena or in the case of a longitudinal study. Yin [107] recommends multiple 

case studies in any other case since studying more than one case generally 

gives robustness to the study and the results are regarded as more compelling. 

Interviews and observations are common sources of data collection in case 

studies [107].  

There are three types of case study approaches: exploratory, explanatory 

and descriptive. The exploratory case study identifies research questions which 

could be used in later research. Explanatory case study explains why or how 

something did or did not occur. Descriptive case study describes a phenome-

non in a real-world context [107].  

Statistical analysis and statistical generalizability are normally not applica-

ble to case studies, hence the findings cannot be assumed to be generalized for 

the population. A suitable and appropriate approach to analyze the data col-

lected from case studies is analytic generalization [107]. Analytic generaliza-

tion follows a two-step process: first, show how the findings are related to the-

ory, and second, apply the same theory to situations other than the studied case, 

where similar events or concepts could be relevant [108]. 

Application of case study in the papers 

The case study designs in Papers II, III, IV and V are inspired by Yin [107]. 

Paper II included ten companies from the Swedish regional EEN program En-

ergig and SEAP. The results from the interviews were used to identify and 

compare NEBs from the two key energy efficiency policies in Sweden, energy 

audit and EEN programs. Paper III included 13 companies from Energig, and 

the results from the interviews were used to establish a methodology for pro-

cess evaluation of EENs, specifically their functions, and impact evaluation 

using barrier theory. 
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Paper IV included 14 industrial SMEs, all participants in EEN programs. 

The study was of a qualitative character based on the company representatives’ 

perceptions of barriers and drivers related to energy management.  

When evaluating the impact of the EEN in Paper V, a case study design was 

used, using 15 energy audits as the basis for data collection. The energy audits 

were carried out as a part of the network process. In addition to the energy data 

in the energy audits, representatives from the companies were interviewed 

about the implementation of the measures suggested in the audits.  

Questionnaires 

Questionnaires are similar to interviews but differ in the way that the respond-

ents themselves register the answers without the presence of the interviewer. 

Interviews and questionnaires can be combined in cases where questions are 

too sensitive to answer truthfully to an interviewer [109].  

Questions in the questionnaire can be of open and closed type, i.e., unstruc-

tured or structured questionnaire. Trost and Hultåker [109] suggest closed 

questions in the questionnaire and to reduce the number of open questions to 

one final open question at the end of the questionnaire where the respondent 

has the opportunity to make additions. Furthermore, there are three steps in the 

process of qualitative and quantitative studies: the data collection, analysis and 

interpretation. Each of these three steps can be either qualitative or quantita-

tive, i.e., the combinations result in eight different outcomes [109].  

It is important to consider the reliability and validation of a study using 

questionnaire. There are four components to consider regarding the reliability 

of the study using a questionnaire: congruity (similarities between questions 

relating to the same matter), precision (the registration of answers), objectivity 

(interviewer’s different ways of registering the answers) and constancy (the 

answers should not be affected in the short term). Validation refers to whether 

or not the questionnaire measures what it is intended to measure [109].  

Application of questionnaires in the papers 

Data for Paper IV was collected via a questionnaire that was sent to industrial 

SMEs that had previously participated or were currently participating in EENs. 

The number of responses was 14. The questionnaire was designed to gather 

information about the companies’ overall maturity level of energy manage-

ment as well as gather data on the perception of the importance of barriers to 

and drivers for energy management. The questionnaire contained closed type 

questions. The barriers and drivers included in the questionnaire were deduced 

from previous research like Nehler et al. [17], Lawrence et al. [11], and Lane 

et al. [98]. Questions related to the importance of the barriers and drivers were 

answered using a five-point Likert scale.  

Interviews 

Interviews are a common source of evidence in case study research and can 

include both qualitative and quantitative data and are of more in-depth nature 
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than questionnaires. Qualitative data from an interview is information pre-

sented in narrative form while qualitative data is based on ordinal or interval 

measures [108]. Interviews can be structured, semi-structured or open. The 

structured interview can be used to obtain quantitative data while the qualita-

tive interview is of open type. The semi-structured interview is a combination 

of the structured and open interview where the interviewer follows an inter-

view guide with set questions but can modify the questions and add and/or 

remove questions throughout the interview [107].  

The purpose of the qualitative interview can be exploratory, where the in-

terview is usually of an unstructured nature, i.e., the interviewer seeks new 

information or angles on a topic. This is in contrast to the quantitative inter-

view, which is usually more structured with questions that follow a clearer or-

der and are of a more standardized nature so that the results can be compared 

[110]. 

A well-planned and conducted interview and analysis of this not only re-

quires theoretical knowledge but also practical experience and skills that can 

almost be compared to a craft [110]. This knowledge is not possible to obtain 

by reading theories but requires doing interviews, preferably together with ex-

perienced interviewers. The knowledge and judgment needed to conduct a 

high-quality interview is thus best obtained by conducting interviews [110]. 

Application of interviews in the papers 

Interviews were used as a method in Papers II, III and V. The interviews in the 

studies were semi-structured interviews. The companies in the studies were 

industrial SMEs and the majority of the respondents were co-owners or had a 

position as a senior economic controller at the company. In Paper II, the inter-

view guide consisted of questions in relation to energy efficiency and NEBs. 

The interview guide was based on Nehler et al.’s [13] interview study of NEBs 

in Swedish industry. A total of ten interviews were conducted, of which six 

interviews were with representatives from companies that had been participat-

ing in the regional EEN program Energig and four interviews were with repre-

sentatives from companies from SEAP. 

In Paper III, 13 interviews were conducted with respondents from compa-

nies participating in the regional energy efficiency program Energig. The in-

terview guide consisted mainly of structured questions answered by a Likert 

scale, inspired by a previous study by Brunke et al. [111].  

The study in Paper V included interviews with 15 company representatives 

from the Energig program, and the questions related to their implementation 

of energy efficiency measures. 

The interview guides also included open questions related to the studied 

topics. The interviews were conducted either via telephone or via meetings 

(physical or online). The interviews were recorded and partially transcribed. 

Policy evaluation 

Vedung [112] describes evaluation as a systematic and analytical approach to 

distinguish the valuable from the non-valuable. It is distinguished between the 
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assessments made before and after the end of the intervention, where the inter-

vention taking place before and assessment of planned measures (ex-ante eval-

uation) are not included in his definition. The intervention is evaluated after-

wards to enable discoveries, interpretations and assessments of public efforts 

in order to contribute to guaranteed quality and increased self-reflection that 

leads to a better basis for decision-making. 

Vedung [112] explains program theory as perceptions of how the meas-

ure/effort is intended to function and give results, and should therefore not be 

confused with assessments of how they have been realized in practice or with 

any evaluations of the outcomes. There is no accepted consensus when it 

comes to which theoretical elements program theory is based on. Vedung [112] 

describes a number of approaches, most of which include one or more of the 

following theories: 

 

1. Impact theory: how the intervention in question will (indirectly or 

directly) lead to a reduction, disappearance or end of the cause of 

the problem 

2. Situation theory: what the intervention is expected to solve (e.g. the 

size of the problem now, the size of the problem in X number of 

years, the cause of the problem, etc.) 

3. Value theory: why the situation created by the intervention is pref-

erable to something else 

4. Contextual conditions: the notion that the parts of the program the-

ory will function as intended given certain conditions 

Evaluating energy programs is seen as an important step in order to gain insight 

on the outcome of the program. The evaluation of an energy program could be 

explained as consisting of two components: information gathering and analy-

sis. Common methods to collect data for the evaluation of an energy program 

are questionnaires, interviews and metering [49]. Väisänen [37] mentions 

questions of interest when evaluating an energy program, e.g.: 

 

 The interest of the program, e.g. the number of applications 

received, number of performed energy audits, etc.  

 The impact of the program, i.e., actual achieved energy effi-

ciency  

 The environmental impact 

 The target group’s opinion of the energy program 

When evaluating the program it is important to take into account possible risks 

due to free-rider effects, resulting in an evaluation showing overly optimistic 

outcomes, i.e., giving a false positive result as the program is credited with 

suggested measures when in reality they would have been implemented even 

without the program [49]. Therefore, it is important to differentiate between 
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gross energy savings and net energy savings. Net energy savings take aspects 

such as free-riders and spillover effect into account [113], while the gross en-

ergy savings do not. In addition to this, there is a rebound effect that may occur 

due to energy efficiency improvements, meaning that measures may result in 

effects that offset the expected energy-saving benefits [114]. The rebound ef-

fect can be categorized as direct rebound effect (a price effect where a new 

technology may increase energy efficiency corresponding to a reduction in the 

price of energy services and in turn resulting in increased energy demand 

[115]) and indirect rebound effect (a reduction of energy costs may lead to 

more money spent on other goods [114]). The rebound effect has been esti-

mated to be low or moderate in a review by Greening et al. [116] and the direct 

rebound effect was found to be less than 24% for the US manufacturing indus-

try from 1949 to 1999 [115]. 

Application of evaluations in the papers 

In Paper III, the network program and its individual functions were evaluated 

in relation to their impact on barriers. Data was collected for the evaluation via 

semi-structured interviews with 13 industrial SMEs where 14 barriers were se-

lected based on their relevance to EENs in a Swedish context. The company 

representatives were asked about the network and its individual functions and 

their impact on the reduction of the barriers. The barriers were ranked based 

on the number of respondents who perceived that the particular barrier was 

reduced due to the network or function.  

Energy audits from 15 companies were used for data collection for the eval-

uation of the EEN program in Paper V. Only quantified measurements in terms 

of energy efficiency potential were included in the evaluation. The energy ef-

ficiency potential was evaluated based on the calculations and/or estimations 

in the energy audit reports. Companies were asked about the implementation 

and planned implementation of the suggested measures in order to evaluate the 

achieved energy efficiency, the implementation rate and free-rider and spillo-

ver effects from the program. The potential for energy savings was visualized 

in a conservation supply curve (CSC), where the cost of conserved energy and 

cumulative energy savings are plotted. To visualize the potential for GHG mit-

igation, a marginal abatement curve was constructed. The GHG mitigation po-

tential is dependent on what emission factors are used for electricity and 

whether or not biomass is considered a limited or unlimited resource. Four 

scenarios were visualized in the curves, where coal condensing power and 

wind power is assumed to be build margin technology. Furthermore, biomass 

is considered as an unlimited resource as a well as a limited resource. The same 

method has been used for visualization of potentials in previous studies, e.g. 

for the Swedish wood industry [117] and global aluminum production [118].  
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Results and Analysis 

This chapter presents the main results of the papers in the thesis. The chapter 

begins with an overview of the existing research related to policy design, fol-

lowed by results of the impact evaluation of the EEN studied as well as the 

network’s impact on barriers to energy efficiency. Furthermore, results related 

to NEBs and barriers to and drivers for energy management in SMEs are pre-

sented.  

Evidence base related to policy design 

In a review of 33 scientific papers of energy efficiency policies towards indus-

trial SMEs, six papers were studies of energy programs and five of these were 

related to energy audit programs ([31,33,38,44,113]) which confirms the find-

ings from Tanaka [19] that identifying energy efficiency potential by data col-

lection or energy auditing is the most wide-spread policy instrument. In the 

papers discussing energy audit programs, e.g. in the evaluation of a German 

energy program [31], potentials in the manufacturing SME sector in Italy [44], 

and in the Swedish energy audit program (SEAP) [113] it was found that the 

major energy efficiency potential was found in the support processes, not in 

the production processes. There was only one paper related to EEN programs, 

an evaluation of industrial EENs in Sweden [36]. The lack of both general 

characteristics of the networks and standardization in terms of evaluation ap-

proaches complicates the evaluations [36]. This goes in line with later findings 

from Anderson et al. [38], where the need for harmonized standard audit pro-

gram evaluations was advocated, with an emphasis on a standard approach 

within the EU where audit programs for large enterprises are mandatory for 

the member states.  

A vast majority of the reviewed papers (27 papers) were studies of barriers 

to and/or drivers for energy efficiency, of which five ([6,31,33,44,113]) were 

studies of energy programs and the effect on barriers/drivers. By relating this 

to Cooremans’ decision-making model [12], it is seen that the major focus of 

the reviewed studies is found in the later part of the decision-making process, 

i.e., the choice step. Furthermore, many of the major findings in the studies of 

barriers to energy efficiency (e.g. [82], [111]) confirm previous findings from 

Brunke et al. [111], where the most important perceived barriers are related to 

the economic category from the taxonomy from Cagno et al. [85].  

Two major areas of research were found in the study: policy and its effects 

and barriers to and driving forces for energy efficiency. As seen in Figure 5, 

the first sphere, policy-inducing effects, may support decision-makers in mak-

ing adequate choices regarding cost-effective energy efficiency measures. Re-

lated to the first sphere, energy efficiency measures may be related to a vast 

array of various technologies and processes.  

The second sphere includes the literature related to barriers and drivers and 

what the majority of these studies emphasize, i.e., the actual decision-making 

and what hinders or promotes this choice. Notably, what the studies on barriers 

reveal is that there is no consensus regarding what the major barriers are that 
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hinder energy efficiency measures from being undertaken. Rather, these barri-

ers seem to be contextual, which emphasizes the importance of regional and 

sector-specific studies on barriers and drivers prior to a public policy program 

design.   

 

 
Figure 5. Analysis based on Cooremans’ [12] decision-making model.  

This study is the first thorough study of existing scientific publications related 

to energy efficiency policy programs in industrial SMEs. The review in Paper 

I included a basis for a model for policy design, further presented in the Con-

cluding Discussions. 

Impact of energy efficiency network  

The energy efficiency potential among the studied participating companies in 

Energig was 17%. Of the total energy end-use in the companies, 64% was 

found in the support processes and 35% in the production processes. However, 

of the total energy efficiency potential, 96% was found in the support processes 

(mainly space heating, lighting and ventilation) and only 4% of the potential 

was found among the production processes. As seen in Figure 6 the production 

processes seems not to be targeted. There could be several reasons for this, e.g. 

the energy auditors’ general knowledge about the specific production pro-

cesses of the industries are too low, or it could be a result of a perception of 

risk associated with efficiency measures suggested in production which leads 

to the measures not being included in the audit report after the auditor has dis-

cussed them with the company. Based on interviews with company respond-

ents, a free-rider effect was estimated at 32%, i.e., 32% of the achieved energy 

efficiency would have been achieved even without the network participation. 

 

 
Figure 6. a) The energy end-use and b) the energy efficiency potential in the evaluated 
companies. 
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The achieved net energy efficiency for the Energig network program was 

10.2% when planned measures were included, and accounting for the free-rider 

effect of 32%, which represents a total net impact of 3.0 GWh/year. This can 

be compared to the national EEN program EENet in Sweden, where a recent 

evaluation of the program showed achieved energy efficiency of 14%. How-

ever, free-rider effect was not accounted for in that evaluation [69]. Further-

more, this can be compared to achieved energy efficiency of 7.5% for the re-

gional stand-alone energy audit program Project Highland1 (2005-2006) [33] 

and 6% for the Swedish national energy audit program (2010-2014) [113]. This 

indicates that network programs show results of higher achieved energy effi-

ciency compared to energy audit programs, which is similar with findings from 

experiences from Switzerland and Germany where the energy efficiency im-

provements were stated to be doubled by EENs [35].  

The implementation rate of the network program Energig was 50%, includ-

ing planned measures and with the free-rider effect of 32% taken into account. 

This is slightly higher than the implementation rates from previous energy au-

dit programs in the US (45%1) [32] and in Sweden (34-45%1) [33,113], and 

lower than the results from the Australian energy audit program which showed 

an implementation rate of 68%1 [120]. Comparing the figures from the Swe-

dish energy audit program (6% net energy efficiency and 45% implementation 

rate [113]) with the ex-post evaluation of the EEN policy program under study, 

it is evident that the deployed level of energy efficiency is higher when evalu-

ating deployed energy efficiency while if only viewing number of deployed 

measures, results seem quite similar. Therefore, it is more accurate to evaluate 

deployed energy efficiency, especially since the Swedish energy audit program 

also involved large companies and thus may receive more suggested measures 

while the relative potential may be higher. However, comparing the implemen-

tation rate to the Australian energy audit program [120], it should be noted that 

it emanates from large companies and a selection of measures was made which 

were then assessed thoroughly, for which reason comparison with the current 

program including industrial SMEs may be difficult. Although 50% of the 

measures in Energig were not implemented or considered to be implemented, 

the companies in the ex-post evaluation in total achieved net energy efficiency 

of 10.2%, related to the total energy efficiency potential of 17%. This suggests 

that the companies to some extent prioritize implementation of energy effi-

ciency measures with higher energy savings. Comparing key ex-post impact 

evaluation figures from the Energig project to a previous evaluation of a Swe-

dish energy audit program, Project Highland, shows that Energig resulted in a 

lower total energy efficiency potential than Project Highland (17% vs 22%) 

[33]. The number of measures per company is similar for both programmes 

while the degree of implementation is 50% for Energig and was 34% for Pro-

ject Highland. The higher implementation rate in the Energig network program 

compared to the Swedish energy audit programs could be related to the in-

creased knowledge among the participants due to lectures, knowledge sharing 

                   
1 Assuming a free-rider effect of 15%, as estimated for the achieved net energy effi-
ciency in an energy audit program evaluation [113], to enable comparison.  



33 

between the network participants and consultancy with energy experts in the 

network program, but it could also be a result of an increase of general aware-

ness of energy efficiency in later years. The implementation rate may also vary 

to some extent due to the complexity of the suggested measure, whether or not 

the measures are quantified in terms of saved energy and if investment calcu-

lations are included. However, an evaluation of a more recent Swedish national 

energy audit program (SEAP 2.0), operating between 2015–2021, showed an 

achieved gross energy efficiency potential of approximately 5% [121]. This 

indicates that the higher energy efficiency still may be a result of the network 

participation rather than an increased general awareness related to energy effi-

ciency. Furthermore, this comparison shows results of twice as high achieved 

energy efficiency compared to energy audit programs, which confirms the 

findings from the experiences from Switzerland and Germany [35].  

The measures were most commonly related to space heating, lighting and 

ventilation, see Figure 7. Out of these three categories, measures related to 

lighting showed the highest degree of implemented or planned measures and 

only one of the measures related to lighting was not considered for implemen-

tation. In total, 104 energy efficiency measures were suggested in the evaluated 

audits, of which only six were related to efficiency of production processes. 

Similarly, the major energy efficiency potential (MWh/year) is found in space 

heating, lighting and ventilation, see Figure 8.  

 

 
Figure 7. Number of implemented, planned and not considered measures for the 15 
evaluated SMEs. Measures are allocated in the unit process where the majority of the 
energy efficiency potential is found, even though some measures may affect more than 
one unit process. 
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Figure 8. The energy efficiency potential based on implemented, planned and not con-
sidered measures for the 15 evaluated SMEs.  

The total energy efficiency potential for the evaluated companies was 5,050 

MWh/year. The potential for each process can be seen in Figure 9. When com-

paring the cost effectiveness of the energy efficiency measures affecting the 

electricity consumption with an electricity price of 38.7 €/MWh2, it is seen that 

all measures except lighting, ventilation and pumping are cost effective. How-

ever, this is only a general comparison and the cost effectiveness is highly re-

lated to the actual specific energy price paid by the companies. Rapid changes 

in energy prices, like the large electricity price increase that developed in the 

fall of 2021 [122], highly increases the profitability of energy efficiency in-

vestments.  

                   
2 Average electricity price from a large Swedish energy company, Vattenfall, based on 
the period 2014-2020. 
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Figure 9. The energy efficiency potential for the network program, per process. 

The GHG mitigation potential for each scenario can be seen in Table 6. The 

mitigation potential ranges from roughly 440 ton CO2eq to 2400 ton CO2eq. The 

differences in GHG mitigation potential when biomass is seen as an unlimited 

resource and a limited resource become rather small (28 ton CO2eq) as the total 

energy efficiency potential for biomass is only 105 MWh.  

Table 6. An overview of the four different scenarios and their GHG mitigation potential.  

Scenario Electricity build 

margin technol-

ogy 

Biomass per-

spective 

GHG mitiga-

tion potential 

(ton CO2eq) 

(a) Coal condensing 

power  

Unlimited re-

source 

2,380 

(b) Coal condensing 

power 

Limited resource 2,410 

(c) Wind power Unlimited re-

source 

440 

(d) Wind power Limited resource 470 

Figure 10 illustrates the GHG mitigation process per process. In Scenario (a) 

and (b) (Figure 10 (a) and (b)) the largest GHG mitigation potential can be 

found within lighting (820 ton CO2eq), followed by space heating (560 ton 

CO2eq), ventilation (400 ton CO2eq), and compressed air (300 ton CO2eq). In 

Scenario (c) (Figure 10 (c)) GHG mitigation potential can be seen in processes 

powered by fuel oil or district heating. Those processes are hot tap water (4 ton 

CO2eq) and space heating (440 ton CO2eq). In Scenario (d) (Figure 10 (d)) the 
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main GHG mitigation potential can be seen in processes powered by oil, dis-

trict heating or biomass. Those processes are hot tap water (4 ton CO2eq) and 

space heating (470 ton CO2eq). 

 

 
Figure 10. The GHG mitigation potential of the network program, for each of the four 
scenarios (a-d) and per process. Hot tap water and pumping have very small mitigation 
potential for (a), (b), (c) and (d). For (a) and (b) hot tap water (CCE=44,80 €/ton CO2eq 
and 16-ton GHG mitigation) and pumping (CCE=255,48 €/ton CO2eq and 15-ton GHG 
mitigation. For (c) and (d) hot tap water (CCE=44,49 €/ton CO2eq and 4-ton GHG mitiga-
tion). 

However, it should likely be assumed that industrial SMEs in general do not 

improve the energy efficiency with the reduction of external emissions as a top 

priority, but rather considered as a NEB from the energy efficiency measures. 

There are no or very weak requirements for the majority of SMEs to measure 

their emissions and keep them under a certain threshold. Therefore, the cost 

effectiveness of the GHG mitigation potentials is likely of less importance for 

the individual SMEs. Table 7 shows key figures for the Energig network pro-

gram.  

Table 7. Key figures for Energig network program. 

Number of participating companies 44 

Number of evaluated companies 15 

Use of electricity (MWh/year) 21,200 

Electricity efficiency potential (MWh/year) 2,450 
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12% 

Use of other energy carriers (MWh/year) 8,200 

Efficiency potential, other energy carriers (MWh/year) 2,600 
 

32% 

Total energy use (MWh/year) 29,400 

Total energy efficiency potential (MWh/year) 5,050 
 

17% 

Free-rider effect (%) 32 

Total gross energy efficiency3 (GWh/year) 2.3/4.4 

Total net energy efficiency3 (GWh/year) 1.6/3.0 

Total gross energy efficiency3 (%) 7.8/15.0 

Total net energy efficiency3 (%) 5.4/10.2 

  

Total number of suggested measures in the program 104 

Suggested measures per energy audit 7 

Number of implemented measures3 41/77 

Number of measures per company3 3/5 

Implementation rate (%) 744/505 

Regarding the cost-effectiveness of a network policy program such as Energig, 

the cost for operation of a network policy program can be estimated to around 

24 man days per year excluding the energy audits. These represent the network 

coordinator’s and network energy expert’s participation in the network meet-

ings. In addition to this, another six man days are required for monitoring and 

evaluation. Assuming a cost of € 100 per man hour provides the cost for a 

three-year network policy program of about k€ 72 which further leads to a 

subsidy effectiveness of € 0.02/kWh for the evaluated program, excluding the 

energy audits. The Swedish energy audit program SEAP has a cost of about 

M€ 3,450 and a deployed energy efficiency level of 340 GWh/year [113], i.e., 

a subsidy effectiveness of about € 0.01/kWh [113]. Thus, the total subsidy ef-

fectiveness of the evaluated energy efficiency network would be somewhere 

around € 0.03/kWh, including the energy audits, to be compared with the sub-

sidy effectiveness of the Swedish national energy audit program of about € 

0.01/kWh. A general finding is therefore that energy efficiency networks pro-

vide up to twice the deployed level of achieved energy efficiency compared 

with a stand-alone energy audit policy program and that the cost for a regional 

                   
3 Implemented measures/Including planned measures 
4 Including planned measures and free-rider effect not taken into account 
5 Including planned measures and free-rider effect taken into account 
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energy efficiency network policy program is about three times higher than that 

of a stand-alone energy audit policy program. 

This evaluation is the first full ex-post impact evaluation of an EEN policy 

program. The results formed a basis for a suggested method on how to evaluate 

energy efficiency policy programs in general, and EENs in particular. The 

method is elaborated in the Concluding Discussion. 

Non-energy benefits from network 

The results of the NEBs from EEN participation, based on the categories in 

Table 4 are: 

Production – The most commonly mentioned NEBs were related to increased 

lifetime of equipment, which was commonly mentioned as a result of installa-

tions of new LED lights or compressed air. Respondents also mentioned more 

reliable production, a result of increased knowledge from the network and en-

ergy audits that helped them prevent unnecessary production stops.  

Operation and maintenance – Reduced maintenance costs were the most 

commonly noted NEB related to operation and maintenance. Among the net-

work participants, this was mainly seen as a result of the lectures in the network 

project which increased their knowledge of how to reduce the maintenance 

cost of the equipment. One notable finding here is that the network participants 

seemed more aware of the NEBs compared to participants from the energy 

audit program, which in turn seems to be related to a higher level of maturity 

when it comes to energy efficiency and energy management practices specifi-

cally. 

Working environment – The NEBs related to improved working environment 

related mainly to the improvement of light conditions, due to e.g. installations 

of LED lights or better sectioning of lights. There were also respondents that 

had noted reduction of noise, a result of new fans and sealing of compressed 

air leaks.  

Waste and emissions – There were only a few NEBs related to waste and 

emissions and the respondents said that they do not measure emissions and can 

therefore only roughly guess how the emissions were affected by the energy 

efficiency improvements. However, there were respondents that mentioned 

that the companies now use waste heat from compressors. 

Other NEBs - Network participants mentioned improved work ethic, while 

energy audit program participants did not. Also, network participants men-

tioned improvement of the company image, while audit program participants 

did not relate this to their energy audit. Network participants also mentioned 

new contacts as a NEB from the network participation, both professional con-

tacts and less formal. 
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Companies participating in EENs seems to be more aware of NEBs than com-

panies participating in stand-alone energy audit programs. Based on the case 

study in this thesis, stand-alone energy audit programs seem to result in NEBs 

mainly related to technical installations, while networks led to NEBs also re-

lated to energy management practices and the network participation (e.g. im-

proved company image and new contacts). One additional NEB mentioned was 

the establishment of new relationships with other companies in the nearby re-

gion. This specific benefit has previously not been mentioned in the literature 

but there are indications of this found in experiences from the German network 

program [63]. However, the type of contact gained from that network has not 

been specified. 

This study was a first attempt to identify NEBs from participation in an 

EEN policy program, using a bottom-up approach where company representa-

tives were interviewed. Furthermore, the study’s methodological ex-post de-

ductive approach, inspired by Nehler [14], seemed to work appropriately in 

identifying NEBs from participation in EENs.  

Barriers to energy efficiency reduced by networks 

Table 8 shows how barriers were reduced by the network participation. The 

main barriers reduced by the network were lack of technical skills, poor infor-

mation quality regarding energy efficiency opportunities and difficulty/cost of 

getting information on the energy use of purchased equipment. Barriers such 

as technical risks such as potential production disruption and access to capital 

were ranked low, meaning that the network participation had low impact on 

reducing these barriers.  

Table 8. Barriers ranked based on perception of reduction by EEN participation. 

Rank Barrier 

1 Lack of technical skills 

2 Poor information quality regarding energy efficiency opportunities 

3 Difficulty/cost of getting information on the energy use of pur-

chased equipment 

4 Lack of staff awareness 

5 Lack of time/other priorities 

6 Other priorities for capital investments 

7 Cost of identifying opportunities, analyzing cost effectiveness and 

tendering 

8 Low priority is given to energy management 

9 Lack of budget funding for energy-efficient technologies 

10 Energy objectives not integrated into operation, maintenance or 

purchasing procedures 

11 Slim organization 

12 Cost of production disruption/inconvenience 

13 Access to capital 

14 Technical risks such as potential production disruption 
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Table 9 shows the individual functions of the network program Energig and 

how the top three barriers were ranked according to the function’s ability to 

reduce the barriers. The ranking of all 14 barriers by individual function is 

found in Paper III. The results show that the network program and its individ-

ual functions are effective in terms of overcoming some of the commonly seen 

barriers to energy efficiency in industrial SMEs. The barrier lack of technical 

skills is ranked as the top barrier reduced by the functions “energy audit,” “lec-

tures on energy efficiency experts” and “consultancy with energy audits,” and 

ranked as the second barrier reduced by the function “network meeting and 

experience sharing.” A previous study [10] validates that lack of technical 

skills could be reduced by working with auditors, experts and consultancy be-

sides sharing activities related to experiences between managers within the 

companies. For all five functions, lack of time/other priorities is among the top 

four highest ranked barriers reduced, which has been considered a major bar-

rier to performance of energy efficiency in SMEs [10]. To implement energy 

efficiency measures, SMEs face challenges from lack of time/other priorities 

as a decisive barrier. By participating in EENs, the companies can outsource 

some of their energy management functions [10], which in turn may be the 

reason why they perceive the network participation to reduce the barrier related 

to time and priorities. 

Table 9. Barriers ranked based on the perception of reduction by each individual net-
work function. The ranking of all 14 barriers by function is found in Paper III. 

 Energy 

audit 

Lectures 

on en-

ergy effi-

ciency 

Consul-

tancy 

with en-

ergy ex-

pert 

Network 

meetings 

and ex-

perience 

sharing 

Presenta-

tion of 

realized 

measures 

1 Lack of 

technical 

skills 

Lack of 

technical 

skills 

Lack of 

technical 

skills 

Poor in-

formation 

quality 

regarding 

energy ef-

ficiency 

opportu-

nities 

Lack of 

time/ 

other pri-

orities 

2 Lack of 

time/ 

other pri-

orities 

Poor in-

formation 

quality 

regarding 

energy ef-

ficiency 

opportu-

nities 

Poor in-

formation 

quality 

regarding 

energy ef-

ficiency 

opportu-

nities 

Lack of 

technical 

skills 

Poor in-

formation 

quality 

regarding 

energy ef-

ficiency 

opportu-

nities 

3 Access to 

capital 

Cost of 

identify-

Lack of 

time/ 

Lack of 

time/ 

Lack of 

technical 

skills 
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ing op-

portuni-

ties, ana-

lyzing 

cost ef-

fective-

ness and 

tendering 

other pri-

orities 

other pri-

orities 

This study is novel in regards to using the theory of barriers to evaluate the 

EEN process and exploring the network and its individual functions when it 

comes to reducing common barriers for industrial SMEs. The study presents a 

new method for process evaluation using barriers, hence, both the results and 

the method itself may be seen as novel. 

Barriers to and drivers for improved energy management in 
SMEs 

The average level of energy management maturity in the studied SMEs are 

illustrated in Figure 11. The level of maturity in most of the energy manage-

ment constituents is moderate, even though all of the SMEs have participated 

in energy management capacity building programs in the form of EEN pro-

grams. Regarding training the maturity level is low, which indicates that the 

companies do not work regularly with training staff in energy-related matters. 

Similar results have been seen in the energy-intensive pulp and paper industry 

where the lowest level of maturity also was found in training of staff [11]. 

Notably, none of the six constituents show a high level of maturity, i.e., SMEs 

have improvements to make in all areas of energy management. Performance 

measurement and prioritization of investments show the highest level of ma-

turity, but it should be noted that they are still only on moderate level. These 

two constituents show similar levels of maturity as in the pulp and paper in-

dustry, while all others are lower for SMEs than for pulp and paper industries 

[11]. This means that in four of the six constituents of energy management 

(energy policy, organization, training, and communication) the level of ma-

turity is lower in SMEs than in comparison to the energy-intensive pulp and 

paper industry. 
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Figure 11. The average maturity level of energy management in SMEs, where 5 repre-
sents a high level of maturity, 3 represents a moderate level of maturity and 0 repre-
sents a low level of maturity. 

Barriers to energy management in SMEs 

Lack of time/other priorities is perceived as the most important barrier to en-

ergy management in SMEs, followed by non-energy related working tasks are 

prioritized higher, slim organization and lack of internal expert competences. 

Notably, the top three barriers are all of an organizational nature and the fourth 

is related to knowledge. SMEs face organizational barriers when it comes to 

implementing energy management practices on site. This can be compared to 

studies of barriers to energy efficiency in non-energy intensive industries, 

where the top three barriers included economic barriers [83,89]. Main barriers 

to energy management seem to be more of an organizational nature than barri-

ers to implementation of energy efficiency measures. The barrier related to 

knowledge can be related to findings from Norwegian companies where en-

ergy efficiency was found to be stronger in companies with more highly edu-

cated staff [8]. However, based on the findings in this thesis, participation in 

EENs does not seem to fully provide the companies with sufficient internal 

knowledge to overcome this barrier. The result of the ranking of barriers to 

energy management is seen in Figure 12.  
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Figure 12. Barriers to energy management ranked from the responses from the ques-
tionnaire, where 1 corresponds to a barrier of high importance, 0.5 to a barrier of moder-
ate importance and 0 to a barrier of very low importance. O = organizational barrier, K = 
Knowledge-related barrier and E = economic barrier. 

The lowest ranked barriers were also related to the organization, uncertainty 

about the company’s future and energy management lacks influence which are 

both ranked higher for the energy-intensive pulp and paper industry [11], 

which in turn might be a result of the fact that smaller companies generally 

have a shorter distance between management and organization as well as the 

fact that they seldom have an appointed energy manager among the employees.  

Drivers to energy management in SMEs 

Reduce production waste is ranked as the most important driver to energy man-

agement in SMEs, followed by participation in energy efficiency networks, 

cost reduction from lower energy use and commitment from top management. 

Among the top four drivers to energy management in SMEs, two drivers are 

economic barriers, and two are organizational. The ranking of the drivers of 

energy management in industrial SMEs is shown in Figure 13. Drivers related 

to management commitment and reduction of costs have been seen as im-

portant drivers to energy efficiency in SMEs [97]. Among the top ten most 

important drivers are people with real ambition, reduced need for maintenance 

of equipment due to optimized energy use, knowledge of daily operations and 

network outside the company/group. Similar to the results related to barriers to 

energy management, organizational drivers seem to be of high importance. 



44 

These findings show that participation in energy management capacity build-

ing programs in the form of EENs may be a sound means to improve the energy 

management in companies, which confirms previous findings that collabora-

tions with competitors and universities increases the energy efficiency innova-

tion in firms [8].  

 

 
Figure 13. Drivers to energy management ranked from the responses from the ques-
tionnaire, where 1 corresponds to a driver of high importance, 0.5 to a driver of moder-
ate importance and 0 to a driver of very low importance. O = organizational driver, K = 
knowledge-related driver, and E = economic driver. 

This study is a first novel attempt to explore barriers to and drivers for energy 

management in industrial SMEs. Furthermore, the method used in this study is 

strongly inspired by a similar study targeting the large energy-intensive pulp 

and paper sector [11], and the study indicates that the method is also suitable 

when studying barriers and drivers to energy management in non-energy in-

tensive SMEs.  
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Concluding discussion 

This chapter presents and discuss the final conclusions of this thesis.  

The aim of this thesis has been to study improved energy efficiency among 

industrial SMEs, primarily EENs as a policy means for improved energy effi-

ciency in industrial SMEs. The thesis has revolved around industrial EENs for 

SMEs, their functions, barriers and drivers as well as evaluations. To date, re-

search about EENs has been scarce even though they have been around since 

the late 1980s, and this thesis aimed towards increasing the knowledge related 

to EENs and provide insights on EENs in relation to improved energy effi-

ciency.   

Understanding energy efficiency networks and energy 
management 

The implementation rate and achieved energy efficiency for EENs are higher 

than the implementation rate from stand-alone energy audit programs, as ini-

tially stated by Koewener et al. [35] as a hypothesis based on experiences from 

German EENs and confirmed by an impact assessment in this thesis. This 

could be explained by the fact that EENs include additional support related to 

e.g. formulation of energy efficiency targets, both for the individual companies 

and for the joint network, and energy strategies. This additional support has 

been seen as success factors for successful realization of energy efficiency po-

tentials [99,123]. 

Relating the findings in this thesis regarding EEN to Cooremans’ decision-

making model [12], Figure 5, it appears that the initial four steps in the model 

differ when comparing an energy audit with EEN participation. For an audit 

the input comes from a single energy auditor, and then primarily in the first 

three steps of the model, while for the EEN, the energy auditor, technical ex-

pert and other participating companies contribute input in all four steps. This 

was seen in Paper III, where main barriers reduced by each function are pre-

sented. Notably, barriers ranked high that the respondents perceived to be re-

duced by EEN participation were related to information and knowledge. 

EEN is a policy means targeting both the technical gap and the management 

gap, see Figure 14. Generally, the most common policy means towards energy 

efficiency in industrial SMEs (energy audit programs and investment subsi-

dies) only targets technology, mainly energy efficiency of support processes, 

and misses the energy management potential. EENs include both components 

that target the technical gap (e.g. energy auditing, information on available in-

vestment subsidies, knowledge and information related to energy efficient 

technologies) and the management gap (e.g. formulation of energy strategy and 

goals, monitoring, evaluation and follow-up activities). However, the prelimi-

nary results of this thesis indicate that EENs mainly reach the potential in the 

support processes, hence the full technical potential is not fulfilled. As for the 

management potential, the networks do not seem to provide the SMEs with 
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sufficient knowledge and capacity in relation to energy management practices, 

since their level of maturity in energy management is still on low or moderate 

levels after EEN participation. In Paper IV, the fourth most important barrier 

to energy management was related to knowledge, i.e., lack of internal expert 

competences, which indicates that EENs do not provide the companies with 

sufficient knowledge to improve the energy management on site. The functions 

in EENs need to be further developed in terms of energy management compo-

nents, mainly related to increased internal knowledge among the SMEs. The 

networks could introduce lectures on themes such as benchmarking, energy 

key performance indicators and routines for operation, as a way to increase the 

internal knowledge.  

 

Figure 14. Reaching the extended energy efficiency potential, revised from [99]. 

As for the key processes of the network model, some challenging areas have 

been detected. First, recruitment has been experienced as a challenge in previ-

ous network programs, e.g. an estimate of three to four working days to con-

vince one company to join a German network [66] and similar experience were 

seen in the EEN under study [72]. Therefore, it is suggested to undertake the 

recruitment in a pre-project phase where time is dedicated solely for this pur-

pose. Furthermore, the recruitment of companies for the Energig project re-

sulted in 28% of the contacted companies joining the network [70]. According 

to the network coordinators, lack of time and high workload were common 

reasons not to join the EEN, even if a general interest in energy efficiency ex-

isted [70]. Therefore, it is suggested that the person responsible for the recruit-

ment clearly informs the companies what is expected from them and also what 

they can gain from participation. Using previous network evaluations may be 

a good means to show companies what the benefits are in terms of achieved 

energy efficiency for similar companies that have previously participated in a 

network, but also mention the NEBs gained from participation.  

Second, during the Energig network program, there were a number of com-

panies that joined the network but canceled the participation while the project 
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was still running. During the studies of the network’s ability to reduce common 

barriers to energy efficiency it was seen that approximately one-third of the 

companies still faced the barrier lack of time/other priorities, which may be a 

reason for companies not to complete the program. Therefore, it may be sound 

to assign the responsibility to more than one person from the company. If there 

is more than one company representative assigned, they can share the task of 

joining network meetings, which may make more time available for the net-

work. Also, the network could be developed to include more company-specific 

guidance by providing on-site consultancy rather than the current general in-

formation and lectures that are offered to the network group. Inviting the en-

ergy experts to the site might also be less time-consuming for the companies, 

compared to travelling to the meetings with the other companies. Combining 

the current network meetings where knowledge and experiences can be shared 

among the companies, with individual meetings on-site may cause more com-

panies to complete the EEN participation. 

In conclusion this thesis has found that:  

 EEN increases the implementation rate and the achieved en-

ergy efficiency is increased by up to double compared to 

stand-alone energy audits 

 The subsidy effectiveness is three times higher for an EEN 

program compared to stand-alone energy audit program 

 EENs, like energy audits, mainly seem to target support pro-

cesses 

 Despite the participation in EEN, the maturity regarding en-

ergy management is regarded as moderate or low even after 

EEN participation 

 The main barriers reduced by EEN functions are related to 

information and knowledge 

 Main barriers to energy management are of organizational 

form 

Policy implications 

A method on how to design policy programs for industrial SMEs is presented 

in   
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Table 10. Barriers and drivers to energy efficiency vary with factors such as 

size, sector and geographic location, therefore it is important to select a target 

group as specific and homogenous as possible in the first step of the policy 

design. As for the fifth step, reviewing the barriers and drivers, it is suggested 

to include a review of barriers and drivers to energy management if the policy 

program aims to also promote energy management within the SMEs.  
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Table 10. Major steps for the design of policy programs for industrial SMEs. 

Design step Comment 

Decide primary target group The target group should be decided 

and should preferably be as homog-

enous as possible, both in size and 

sector. 

Map the annual energy Map the annual energy demand and 

energy end-use, as well as the major 

technologies and processes. The 

share of energy in support and pro-

duction processes varies between 

sectors. 

Review the current energy policies For the technologies and processes 

in the previous step, assess which 

existing policy programs are cur-

rently in place and already provide 

support. 

Estimate the energy efficiency po-

tential 

Estimate the energy efficiency po-

tential for the policy program, by us-

ing public documents and scientific 

literature. If there are no such docu-

ment and papers available, compa-

nies can be asked about this in a pre-

phase study. 

Review the barriers and drivers Review the scientific literature re-

lated to barriers and drivers to en-

ergy efficiency and energy manage-

ment for the selected target group. If 

the information is scarce, this should 

be supplemented with interviews or 

questionnaires in a pre-phase study. 

Suggest appropriate policy Based on previous steps, suggest the 

most appropriate policy or policy 

mix. The list below can be seen as a 

guide for that: 

1. Taxation (on energy) and/or 

tax deduction if undertaking 

EE actions 

2. General information cam-

paigns via seminars and con-

ferences, pamphlets, compe-

titions, and media cam-

paigns, etc. 

3. Policy program including 

energy audit components  
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4. Investment subsidies availa-

ble

5. EENs  (for supporting gen-

eral energy management)

6. EENs  (for supporting Lean-

based energy management)

7. Direct policy program in-

cluding energy management

certification

8. Benchmarking scheme

Evaluate the impact of the policy 

program 

Make an impact evaluation of the 

policy program to evaluate the 

achieved energy efficiency, cost-ef-

fectiveness and reduction of GHG 

emissions of the program. Include 

the implementation rate, NEBs 

(quantified when possible), free-

rider and spillover effects. 

Once the policy program is completed, it is important to evaluate the impacts 

of the program, to evaluate the effectiveness of the program and possibly com-

pare it to previous programs. A suggested model with important factors to in-

clude is presented in Table 11. In the evaluation, the impact in the form of 

achieved energy efficiency and cost-effectiveness of the program should be 

included. When evaluating the cost-effectiveness of the program it is suggested 

to also include NEBs and quantify them when possible. Furthermore, it is sug-

gested to evaluate the reduction of GHG emissions to assess the environmental 

impact of the program.  

This general method for evaluation, with harmonized elements of categori-

zations and definitions, enables comparison between the effectiveness of pol-

icy programs in different regions. Furthermore, including CSC is also a useful 

approach for ex-post impact evaluations of EENs and is suggested to be in-

cluded in future ex-post policy program impact evaluations, not only for EENs 

and industrial SMEs, but for any energy efficiency policy program, as it shows 

where cost-effective deployment potentials are found. 

Table 11. Suggested factors to include in the evaluation of the EEN program. 

What to include in the evaluation? Method for infor-

mation gathering 

Energy efficiency po-

tential 

The total energy effi-

ciency potential should 

be presented divided 

into unit processes and 

by energy source. 

Energy audits 

Achieved energy effi-

ciency 

The achieved energy ef-

ficiency is suggested to 

Energy audits 
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be presented as divided 

into the unit processes 

and by energy source. 

Impact rate The planned measures 

(e.g. within the next two 

years) preferably also 

included in the impact 

rate.  

Questionnaire to or 

interview with partic-

ipating companies 

Reduced GHG emis-

sions 

Decide the suitable 

method for assessing the 

emissions from electric-

ity, i.e., consequential or 

attributional method and 

whether the biofuel is 

considered a limited or 

unlimited resource in 

the specific context.  

Energy audits 

Cost effectiveness Cost effectiveness of the 

program can preferably 

be visualized by CSC. 

Energy audits 

NEBs Aim to include NEBs in 

the evaluation of energy 

efficiency measures, 

when possible quantify 

them as this can cut the 

payback time of the 

measures.  

Questionnaire to or 

interview with partic-

ipating companies 

Free-rider effect By reviewing previous 

evaluations of similar 

programs, it is possible 

to assume the free-rider 

effect to include in the 

evaluation. If there are 

no figures to use, this 

could be evaluated as a 

part of the evaluation. 

Previous evaluations 

or interviews with 

participating compa-

nies 

Spill-over effect In addition, it is possible 

to include the spill-over 

effect in the evaluation. 

However, this cannot be 

done immediately after 

the termination of the 

program but should be 

done after approxi-

mately two years. This 

is best done by in-depth 

Interviews with par-

ticipating companies 
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interviews with the par-

ticipating companies, 

preferably on site.  

The results are based on an impact evaluation made of 15 companies out of a 

total of 44 (in the beginning of the program 55 companies participated). Similar 

as for SEAP [113], a number of companies did not in the end participate in the 

ex-post impact evaluation of the program and just like for the SEAP, the rea-

sons for that have not been further explored. However, it is obvious that com-

panies that drop out after one or two years of participation in a network pro-

gram will still likely achieve some impacts, as was the case for some compa-

nies in the SEAP. Furthermore, the phenomena as such may be worth an addi-

tional constant or variable in the impact evaluation equation, as some 

additional impact has been achieved. 

In conclusion, a regional EEN policy program may be: 

 

 A sound policy choice for improving energy efficiency in in-

dustrial SMEs 

 However, a regional EEN should preferably be launched in 

addition to, or after, an energy audit policy program, assum-

ing that the audits are of high quality 

 Despite the excellence of an EEN, other policy means are 

needed to improve energy efficiency among production pro-

cesses and increase the level of maturity in relation to energy 

management within the SMEs 
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Further work 

In this chapter, areas for further research are suggested.  

This thesis has revealed areas where further research is needed. First, the find-

ings of this thesis are based on a limited number of cases, hence the studies are 

recommended to be replicated on a larger scale and for other contexts, such as 

other geographic locations, other network programs, etc.  

The study of EENs and the impact on barriers to energy efficiency are rec-

ommended to be conducted for other EEN programs, to add to the results found 

in this thesis. The study should be complemented with barriers to energy man-

agement. EENs seem to be insufficient when it comes to providing the SMEs 

with energy management capacity building components, and to further develop 

the network in this regard, it is important to know what barriers to energy man-

agement are affected by the individual functions of the network. In addition to 

this, the scientific studies on barriers to and drivers for energy management in 

general in industrial SMEs are still scarce, therefore it is recommended to fur-

ther explore this area, to increase the knowledge related to energy management 

improvements in SMEs.  

Also, the research field regarding NEBs from energy policy programs in 

general, and EENs specifically, is limited and this thesis presents novel explor-

ative results regarding NEBs from energy audit programs and EEN programs. 

The study involves a small number of participants, hence the results of the 

study are preliminary and not generalizable. The study is suggested to be rep-

licated with a larger number of participants, using the same methodology, 

which seems to be suitable for such a study. 

Furthermore, from experience during the operation of the Energig EEN pro-

ject, it was seen that a number of companies did not complete the participation 

and dropped out of the project during the process. Currently, there is a scarcity 

of research available when it comes to reasons for companies not to complete 

the participation in the network or an energy audit program. Therefore, it is 

suggested to identify reasons for this, preferably by in-depth interviews with 

concerned companies, in order to provide additional support needed to not only 

join the network, but to stay in the project for the full time period. Further 

research is suggested to explore why companies drop out of policy programs 

and also the potential magnitude of such additional impacts. 

In addition to this, during the operation of the Energig program there were 

areas of improvements detected in the EEN model by Paramonova et al. [65] 

which has not been specifically studied in the papers included in this thesis. 

Therefore, it is suggested to further study the EEN model and its key processes 

and phases more in detail to be able to find improvements of the model.  

Finally, this thesis provides a suggested model for impact evaluation policy 

programs, and EENs specifically. The model is suggested to be further studied 

and evaluated. A development of the Energig network, focusing on Lean man-

agement, is currently running via the University of Gävle and the model for 

evaluation is suggested to be applied also to this program, to be able to compare 
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if Lean management components are a sound means to target more of the po-

tentials in the production processes as well as increase the level of maturity in 

regard to energy management.   
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