
Linköping Studies in Science and Technology, Thesis No. 1760 
Licentiate Thesis  

The Non-Energy Benefits of Industrial 
Energy Efficiency 

Investments and Measures 

Therese Nehler 

Division of Energy Systems 
Department of Management and Engineering 

Linköping University, Sweden 
Linköping 2016 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Non-Energy Benefits of Industrial Energy Efficiency 

Investments and Measures 

 

Therese Nehler, 2016  

 

 

Cover illustration: Per Lagman, LiU-Tryck 

 

 

Published articles has been reprinted with the permission of the copyright holder. 

 

Printed in Sweden by LiU-Tryck, Linköping, Sweden, 2016  

 

 

ISBN: 978-91-7685-672-7 

ISSN: 0280-7971



 
 

Abstract 

Improved industrial energy efficiency is viewed as an important means in the reduction 

of CO2 emissions and climate change mitigation. Various energy efficiency measures for 

improving energy efficiency exists, but even evaluated as cost-effective, there seems to be 

a difference between the energy efficiency measures that theoretically could be 

undertaken and which measures that actually are realised. On the other hand, industrial 

energy efficiency measures might yield extra effects, denoted as non-energy benefits, 

beyond the actual energy savings or energy cost savings. 

Based on interviews and a questionnaire, results showed that the Swedish industrial firms 

studied had observed various non-energy benefits. However, few of the non-energy 

benefits observed were translated into monetary values and included in investment 

calculations. Results indicated that this non-inclusion could be explained by lack on 

information on how to measure and monetise the benefits, but even if not translated into 

monetary values, some of the non-energy benefits were sometimes used qualitatively in 

investment decisions. The utilisation of the benefits seemed to depend on the type and 

the level of quantifiability among the perceived benefits. 

This thesis has also explored energy efficiency measures and non-energy benefits for a 

specific industrial energy-using process – compressed air. A literature review on energy 

efficiency in relation to compressed air systems revealed a large variation in which 

measures that could be undertaken to improve energy efficiency. However, few 

publications applied a comprehensive perspective including the entire compressed air 

system. Few non-energy benefits of specific energy efficiency measures for compressed 

air systems were identified, but the study provided insights into how non-energy benefits 

should be studied. This thesis suggests that energy efficiency and non-energy benefits in 

compressed air systems should be studied on specific measure level to enable the 

observation of their effects. However, the studies also addressed the importance of having 

a systems perspective; the whole system should be regarded to understand the effects of 

energy efficiency measures and related non-energy benefits. 
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Thesis outline 

The outline of the thesis is presented below and is intended to provide an introduction to, 

and a summary of, the three appended papers. 

o Chapter 1 introduces the thesis and the related research field, followed by a 

description of the aim and research questions in focus. The first chapter also 

gives an overview of the appended papers and a co-author statement.  

o Chapter 2 introduces industrial energy efficiency, followed by various aspects 

that guide the decision-making on energy efficiency investments. Thereafter, the 

concept of non-energy benefits is presented. 

o Chapter 3 presents the case of a specific industrial energy-using process –

compressed air systems. 

o Chapter 4 presents the research design and methods applied in this thesis. 

o Chapter 5 summarises selected results from the appended papers. 

o Chapter 6 discusses the results of the studies performed and the conclusions of 

the thesis are presented. The chapter ends with an overview of suggested areas 

for future research. 
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1. Introduction 

This chapter starts with an introduction to the thesis including the motivation behind the 

work. This is followed by the aim of the thesis and a presentation of the research questions 

posed. Next, the scope of the thesis is described and delimitations are discussed. The chapter 

ends with an overview of the appended papers, together with a co-author statement. 

Industrial energy efficiency is argued to be an important means to achieve environmental 

sustainability while maintaining economic and social development. Increased global 

competition drives firms to strive for improved efficiency, which includes an efficient use 

of energy since most of the processes in an industrial firm require energy. The fact that 

energy and processes in a firm are intertwined also introduces complexity into the efforts 

to improve energy efficiency. The industrial sector represents a heterogenic area in 

regard to technology; various technologies exist and are built-in in firms’ specialised 

production processes. Despite these challenges, various energy efficiency measures exist. 

However, even if these measures are evaluated as cost-effective, there seems to be a gap 

between which energy-efficient technological implementations could theoretically be 

done and which energy efficiency improvement measures are actually realised (e.g., Hirst 

and Brown, 1990). This unexploited potential is referred to as the energy efficiency gap 

and can be explained by the existence of various barriers to energy efficiency (e.g., Hirst 

and Brown, 1990). More than half of this untapped potential is allocated in industry (IEA, 

2012b). 

Nonetheless, this complex linkage between energy and the industrial processes within a 

firm might present possible new ways of improving industrial energy efficiency if the view 

on industrial energy efficiency improvements is extended. A wider and more 

comprehensive view lies in the consideration of the non-energy benefits, which refers to 

the extra effects beyond the actual energy savings or energy cost savings of energy 

efficiency measures. Non-energy benefits represent a diverse collection of effects that 

may range from increased productivity and decreased operation and maintenance costs 

to improved indoor work environments and positive effects on the external environment, 

for instance, a decrease in waste and emissions (e.g., Pye and McKane, 2000; Finman and 

Laitner, 2001). 

However, it has been argued that non-energy benefits are not always considered when 

investing in energy-efficient technology (e.g., Pye and McKane, 2000), even though the 
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financial aspects of energy efficiency projects are unanimously stated to be 

underestimated if non-energy benefits are not taken into consideration (e.g., Pye and 

McKane, 2000; Worrell et al., 2003). The concept of non-energy benefits has further been 

argued to be one of the characteristics that could affect the adoption rate of energy 

efficiency measures (Fleiter et al., 2012). The risk of non-energy benefits not being 

addressed may thus be one factor that contributes to the untapped energy efficiency 

potential. Therefore, studying the role of non-energy benefits in investment decisions is 

important due to their possible role as drivers for energy efficiency or as a means to 

overcome barriers to energy efficiency.  

Studies of barriers to energy efficiency have revealed differences in the type of barriers 

present in various regions and sectors (e.g., Sorrell et al., 2004; Schleich and Gruber, 2008; 

Trianni and Cagno, 2012; Rohdin and Thollander, 2006; Rohdin et al., 2007; Thollander 

and Ottosson, 2008). However, most previous studies on barriers to energy efficiency 

have treated energy efficiency measures as one entity studied at the firm level. Energy-

using processes in industrial firms diverge due to the type of business or production. 

Likewise, measures and investments aiming at improving energy efficiency in industrial 

firms vary as well. Subsequently, the non-energy benefits that different energy efficiency 

improvements might yield, or the barriers that might have to be overcome, would 

therefore differ due to the types of energy-efficient measures implemented. However, 

scientific studies on non-energy benefits of, and barriers to, specific energy efficiency 

improvements are scarce. The work of Cagno and Trianni (2014) represents one of 

relatively few studies that have investigated the barriers to specific industrial energy 

efficiency measures; in it, the authors conclude that there are significant differences in the 

barriers between different types of energy efficiency measures. This raises the 

importance of studying, not only the barriers to specific energy efficiency measures, but 

also the non-energy benefits for technology-specific energy efficiency improvements 

since specific non-energy benefits might be a means to overcome specific barriers to 

energy efficiency. 

Compressed air constitutes a widely used application that supports many industrial 

processes. However, the efficiency of a compressed air system is often low due to, for 

instance, heat losses and leakages in the system, which stresses the importance of energy 

efficiency measures for compressed air systems. Energy efficiency measures are proposed 

by suppliers of compressed air systems, supply associations, audit experts of compressed 

air systems and handbooks and guideline documents, for example, but, to the author’s 

best knowledge, a review of academic contributions on energy efficiency and energy 

efficiency improvement measures for compressed air systems is currently lacking. 

Previous research on non-energy benefits have mainly studied non-energy benefits at an 

aggregated level, i.e., the non-energy benefits of energy efficiency in general and not the 

particular benefits of specific energy efficiency measures, or studied the non-energy 

benefits of specific measures or projects, but reported the results on an aggregated level. 

This reinforces the importance of studying not only the barriers to specific energy 
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efficiency measures, but also the non-energy benefits of measures for specific energy-

using processes, since specific non-energy benefits might be a means to overcome specific 

barriers to energy efficiency. Hence, to extend the literature review on energy efficiency 

in compressed air systems with the perspective of non-energy offers opportunities to 

study not only specific measures for compressed air systems, but also the particular non-

energy benefits of these measures. 

1.1 Aim and research questions 

The aim of this thesis is to analyse the role of the non-energy benefits of industrial energy 

efficiency investments and measures. The aim is set to understand how these benefits are, 

and how they could be, acknowledged in firms’ decisions on investments to improve 

energy efficiency in industry and on which level the benefits are and could be studied. 

 

This thesis is focused on the following three research questions:   

  

1. What are the perceived existence of non-energy benefits of implemented energy 

efficiency measures and investments in industrial firms? 

 

2. How are non-energy benefits, and how could these, be utilised in the decision-

making procedures of energy efficiency measures and investments in industrial 

firms? 

 

3. What are the implications of studying energy efficiency measures and non-energy 

benefits for a specific industrial energy-using process, such as systems for 

compressed air?  

To fulfil the aim of this thesis, the issue has been studied from two angles: the firm 

perspective and the measure perspective. However, the decision on investments or 

measures as the analysing variable applies both perspectives. Table 1 gives an overview 

of which research questions are addressed in each of the appended papers.  

Table 1. An overview of the appended papers in which each research question is addressed.  

Research 

question 

   Paper 

I II III     

1 • • •     

2 • •      

3   •     
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1.2 Scope and delimitations 

The scope of this thesis is industrial energy efficiency and in particular, the non-energy 

benefits, i.e., the additional benefits that may be achieved by making energy efficiency 

measures and investments in industry. As set by the aim given above, this thesis 

endeavours to add new insights on energy efficiency investments and measures by 

studying non-energy benefits. In this thesis, energy efficiency is viewed as an 

improvement in energy efficiency in which less energy is used to provide the same level 

of service, or, that the same amount of energy is used to achieve a higher level of service 

(IEA, 2012a). All measures that can be undertaken to improve energy efficiency are hence 

considered in this thesis, even if not all of them necessarily save energy. 

 

Improved industrial energy efficiency is central in this thesis and the ways to improve it 

vary from small behavioural changes (e.g., switching off equipment) to large investments 

(e.g., alterations in production processes). All types of energy efficiency improvements 

that can be undertaken are, in this thesis, viewed as measures. However, some of the 

measures could also be regarded as investments. Investments can be defined as all 

decisions that decrease profits, but are expected to increase returns (Olve and Samuelson, 

2008). In this regard, energy efficiency investments are measures associated with an 

investment cost that is periodised over the financial year. Hence, energy efficiency 

investments comprise a sub-set of all measures that can be undertaken. In the studies on 

which Papers I and II are based, the main focus was on energy efficiency investments. 

However, in Paper III, the study considered all types of improvements, both investments 

and measures, that might be undertaken to improve energy efficiency related to the use 

of compressed air. 

 

As the phrase “non-energy benefits” indicates, this thesis rests on the idea that energy 

efficiency measures and investments can deliver extra value beyond making 

improvements in energy efficiency. Moreover, the word “benefits” also indicates that 

these side-effects, in some sense, are positive. As for its impact on investments and 

measures, projects including energy efficiency could have negative side-effects. For 

example, unexpected costs might arise in relation to, or after, an implementation. While 

criticism may be faced for not fully considering such unexpected costs, they are not part 

of the aim or the research questions posed, even if it is important to consider all aspects, 

including possible negative aspects, that might affect energy efficiency measures and 

investments. However, the costs are in general naturally considered in investments 

decisions. 

 

Investments are undertaken for several reasons, and the objective behind an individual 

investment might be many-fold. As the word indicates, energy efficiency investments aim 

at improving energy efficiency. However, the aim behind the investment might also 

include other objectives, such as improved productivity and improved quality. The studies 
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in this thesis consider pure energy efficiency investments as well as investments in which 

energy is one of several objectives. 

1.3 Paper overview and co-author statement 

This thesis is based on the following three papers. The appended papers are briefly 

described below, along with a description of my personal contribution to each. 

 

Paper I 

Nehler, T., Thollander, P., Ottosson, M., Dahlgren, M. (2014). Including non-energy benefits 

in investment calculations in industry - empirical findings from Sweden. In Proceedings 

ECEEE Industrial Summer Study - Retool for a Competitive and Sustainable Industry, 711-

719.  

 

Based on interviews with representatives of Swedish industrial firms, this paper explores 

how they perceive the non-energy benefits of energy efficiency improvement investments 

and how the benefits are acknowledged in the firms’ investment calculations. The results 

of this study indicated that non-energy benefits had been observed by the Swedish 

industrial firms participating the study, but that only a few non-energy benefits were 

included in their investment calculations for their energy efficiency investments. This 

non-inclusion seemed to be explained by the difficulties associated with how to undertake 

the quantification and monetisation of the benefits, which could in turn be explained by 

factors such as the hidden cost of monetising non-energy benefits.  

This study was the starting point of my studies on non-energy benefits. The interview-

based study was planned together with Patrik Thollander. All interviews were scheduled 

and conducted by me; however, the interview guide was designed together with Patrik 

Thollander and the co-authors provided input to the guide as well. I was the main author 

of the paper, but it was planned and written together with Patrik Thollander and the 

progress of the paper was continually discussed between us during the paper-writing 

process. All interviews were transcribed and the results from the interviews were 

analysed by me. Sections covering the theoretical background and the results were mainly 

written by me, while the remaining parts of the paper were written together with Patrik 

Thollander. The co-authors provided their input throughout the paper-writing process.  

 

Paper II 

Nehler, T., Rasmussen, J. (2016). How do firms consider non-energy benefits? Empirical 

findings on energy-efficiency investments in Swedish industry. Journal of Cleaner 

Production, 113:472-482. 

 

This paper explores, based on interviews and a questionnaire, how representatives of 

Swedish industrial firms view energy efficiency investments and non-energy benefits. 

Results showed that the main motive behind energy efficiency investments was 
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opportunities for cost savings and that critical factors for adopting energy efficiency 

investments were related to short payback periods, for instance. These strict investment 

criteria could not always be met by energy cost savings alone. Furthermore, results 

indicated that various non-energy benefits had been observed by the studied firms. 

However, few were monetised and included in investment calculations. The paper 

suggests that denoting non-energy benefits in relation to cash flow (i.e., as costs and 

revenue) and at the same time considering quantifiability and when the anticipated 

benefits will appear, would contribute to enhancing the financial aspects of energy 

efficiency investments.  

 

This paper was planned and written together with Josefine Rasmussen, a PhD student at 

Linköping University. I was the main author of the paper. However, the progress of the 

paper was continually discussed between us during the paper-writing process. Nine of the 

interviews were conducted by me and the remaining four were conducted together with 

Josefine Rasmussen. The interview guide used in the interviews and the questionnaire 

were designed by me, but Josefine Rasmussen contributed her input on both. All interview 

recordings (except for two) were transcribed by me; the remaining two interview 

recordings were transcribed by Josefine Rasmussen. The results from the interviews and 

the questionnaire were analysed together with Josefine Rasmussen. The two sections in 

the paper presenting the theoretical background were mainly written by Josefine 

Rasmussen, while I mainly produced the method chapter. The remaining parts of the 

paper were analysed and written together on an equal basis. 

 

Paper III 

Nehler, T. (2016). A review of energy efficiency and non-energy benefits in compressed 

air systems. To be submitted to journal: Renewable and Sustainable Reviews. 

 

This paper reviews the current body of scientific publications on energy efficiency 

measures in compressed air systems evaluated in relation to non-energy benefits. The 

paper provides a compilation of reported energy efficiency measures for compressed air 

systems and the results from the review showed a large variation in which measures that 

can be undertaken to improve energy efficiency in compressed air systems. However, few 

publications considered a comprehensive view, including the entire compressed air 

system. Furthermore, results showed that few publications addressed additional effects 

of energy efficiency measures in compressed air systems and only one publication 

addressed the term non-energy benefit. The paper suggests that energy efficiency 

measures and related non-energy benefits should be studied on the level of specific 

measures to fully understand effects of energy efficiency measures in compressed air 

systems and to acknowledge possible additional effects, i.e. non-energy benefits.  

  

The paper was entirely planned and written by me, as was the analysis of the results from 

the literature review. Patrik Thollander supervised and commented on the work. 
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2. Theoretical background 

Energy efficiency in industry and measures that can be undertaken to improve industrial 

energy efficiency is central in this thesis. This chapter introduces the theoretical basis for 

this thesis, which includes industrial energy efficiency, energy efficiency measures including 

those regarded as investments and parameters that might affect the decisions behind the 

efforts under consideration for improving industrial energy efficiency. 

2.1 Industrial energy efficiency 

Industrial activities account for a large share of total energy use. Globally, approximately 

one-third of the energy end-use originates from the industrial sector (IEA, 2015), and in 

Sweden, industrial energy end-use accounts for almost 40% of the country’s total energy 

end-use (SEA, 2015). Industrial energy use in Sweden is mainly dominated by a few 

energy-intensive sectors: pulp and paper, iron and steel, and the chemical sector, and 

Swedish industry primarily relies on biofuels and electricity (SEA, 2015).  

Aside from climate and sustainability goals, global competition and scarcity of resources 

drives industrial firms in their ambitions for greater efficiency. The close relationship 

between energy and the processes in an industrial firm also stresses the importance of 

improving energy efficiency. Typically, an industrial firm can improve its energy 

efficiency, and consequently reduce its energy costs, in four ways: implementation of 

energy-efficient technologies, energy carrier conversion, load management, and more 

energy-efficient behaviour and initial energy efficiency efforts often start with an energy 

audit to analyse where and how much energy is used within the firm (Rosenqvist et al., 

2012). The energy use is divided into smaller energy-using parts – unit processes – which 

are defined with respect to the aim of the industrial process (Söderström, 1996). Unit 

processes can either be processes that are directly related to production (e.g., mixing, 

joining and coating), or processes that support production (e.g., lighting, compressed air, 

ventilation and pumping) (Söderström, 1996). The energy audit visualises major energy-

using processes or equipment, along with processes in which energy is wasted. Hence, the 

outcome of an energy audit consists of proposed measures and investments for improving 

energy efficiency and the allocation of the energy use into unit processes also facilitates a 

description of the process, production process or support process, in which energy 

efficiency measures could be undertaken (Rosenqvist et al., 2012). 
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Improved industrial energy efficiency is viewed as one of the most important means of 

reducing CO2 emissions and mitigating climate change (e.g., EC, 2012). However, not all 

energy efficiency measures are implemented, even if they are evaluated as cost-effective. 

Hence, there exists a gap between the energy efficiency measures that theoretically could 

be done and the energy efficiency measures that are actually realised (e.g., Hirst and 

Brown, 1990). This has resulted in a lowered adoption rate of energy efficiency measures. 

This non-adoption of cost-effective energy efficiency measures represents an unexploited 

potential denoted as the “energy efficiency gap”. The existence of the gap has been 

explained by barriers to energy efficiency (e.g., Hirst and Brown, 1990) and later 

empirically proven in some of the Swedish industrial sectors (e.g., Rohdin et al., 2007; 

Thollander and Ottosson, 2008).  

Although current efforts have been undertaken to improve energy efficiency, there is 

potential for future energy saving opportunities and this potential has recently been 

estimated in the European industrial sector. For example, energy saving opportunities by 

2030 were assessed for several different industrial energy efficiency measures and 

results showed that the potential varied from 1.6 to 17.3% between the measures (ICF, 

2015). Furthermore, an extended energy efficiency gap, i.e., going beyond cost-effective 

measures in energy-efficient technologies by including energy management, has also been 

argued to increase the potential for industrial energy efficiency (Backlund et al., 2012).  

In order to understand how decisions on energy efficiency measures are made, it is also 

important to study the investment process for energy efficiency measures viewed as 

investments. Both Neal Elliott and Pye (1998) and Cooremans (2012) have shown 

investment decisions for energy efficiency investments to be dynamic processes in which 

the investment passes through a number of stages on the way to making a final decision. 

For instance, Cooremans (2012) described a process consisting of the following five 

stages: 

 

Figure 1. The investment decision-making model by Cooremans (2012).  

Even though energy efficiency related to investment decisions is viewed as important by 

industrial firms, energy savings are just one factor on which firms’ investments are 

evaluated (e.g., de Groot et al., 2001). Studies by Sandberg and Söderström (2003) 

demonstrated that energy efficiency improvements are seldom pure energy efficiency 

investments; these investments are often initiated by other objectives and energy 

efficiency is thereby one factor among many. Cost savings is an important driving force 

behind investment decisions, but this is not always true for energy efficiency investments; 

cost-effective investments in energy efficiency exist, but are not decided upon. Other, 

Initial 
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more attractive, investment opportunities are chosen instead of investing in energy 

saving technologies (e.g., Harris et al., 2000; Sandberg and Söderström, 2003). 

However, improved energy efficiency requires the adoption and implementation of 

energy efficiency measures and investments and that might pose a challenging task since 

decisions on energy efficiency measures including investments are not always 

straightforward. The issues briefly described above show that the investment decision, 

and hence the adoption, or non-adoption, of energy efficiency investments, is affected by 

several factors. In particular, when taking the investment decision as the analysing 

variable, a number of factors emerged as important in relation to the decisions made on 

energy efficiency investments. In the forthcoming chapters, these factors will be described 

in more detail as regards their impact on decisions concerning energy efficiency 

investments and the role of non-energy benefits as a possible influencer will be 

considered. 

2.2 Possible factors affecting decisions on industrial energy 
efficiency investments 

2.2.1 Barriers 

The barriers to industrial energy efficiency are often addressed as an explanation for the 

energy efficiency gap, and the possible factors that hinder energy efficiency improvement 

measures from being implemented have been extensively studied in previous research on 

energy efficiency (e.g., Brunke et al., 2014; Cagno et al., 2013; Cagno and Trianni, 2014; 

DeCanio, 1993; de Groot et al., 2001; Hasanbeigi et al., 2010; Rohdin et al., 2007; Rohdin 

and Thollander, 2006; Sardianou, 2008; Sorrell et al., 2000; Thollander and Ottosson, 

2008; Trianni et al., 2013; Trianni and Cagno, 2012; Venmans, 2014). Industrial firms 

constitute a complex decision-making arena for energy efficiency improvement 

investments with several actors being involved. Hence, to understand and explain what 

hinders energy efficiency improvements, barrier theory provides a comprehensive 

perspective in combining various parameters from different fields, such as economics and 

behavioural and organisational sciences. Depending on which perspective was applied, 

the previous literature has presented different ways of categorising barriers (e.g., Hirst 

and Brown, 1990; Sorrell et al., 2000; Weber, 1997). However, there is no common 

approach to classifying barriers. Sorrell et al. (2000), for instance, divided the barriers 

into four categories: market failure, nonmarket failure, behavioural and organisational, of 

which the first two constitute economic barriers. See Table 2 below. 
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Table 2. Categorisation of barriers to energy efficiency (based on Sorrell, 2000). 

Category Barrier 

Economic: Market failure Imperfect information, adverse selection, split 

incentives, principal-agent relationships 

Economic: Nonmarket failure Heterogeneity, hidden costs, risk, access to capital 

Behavioural Bounded rationality, form of information, credibility 

and trust, inertia, values 

Organisational Power, culture 

Empirical studies on barriers to industrial energy efficiency have been conducted in 

various contexts with various perspectives applied. Fleiter et al. (2012) investigated small 

and medium-sized manufacturing enterprises in Germany and the major barriers found 

were high investment costs and lack of capital. Small and medium-sized Italian 

enterprises have also been studied, and Trianni and Cagno (2012) found that major 

barriers to energy efficiency perceived by the firms were access to capital, lack of (or 

imperfect) information on cost-efficient energy efficiency interventions, and the form of 

information. Their findings further indicated that barriers differ between sectors and 

between variously sized enterprises. Based on studies in the Netherlands, de Groot et al. 

(2001) stated that other investments are more important as a main barrier. This was 

acknowledged by Venmans (2014) who studied the ceramic, cement and lime sector in 

Belgium and found that major barriers were other priorities for capital investments and 

hidden costs. In an Australian study including all manufacturing sectors, Harris et al. 

(2000) identified firms’ perceptions regarding low rates of return and long payback 

periods to be major barriers.  

Barriers to industrial energy efficiency have been studied in various sectors in Sweden. 

Rohdin and Thollander (2006) found that among non-energy intensive manufacturing 

firms, major barriers were, for instance, cost and risk of production disruption, lack of 

time or other priorities, cost of obtaining information on the energy consumption of 

purchased equipment, and other priorities for capital investments. Rohdin et al. (2007) 

studied the foundry industry and found the major barriers were technical risk (e.g. 

production disruptions) and lack of budget funding. Thollander and Ottosson (2008) 

studied the pulp and paper industry and the participating firms ranked cost and risk of 

production disruption, technology inappropriate at the mill, lack of time or other 

priorities, lack of access to capital and slim organisation as major barriers. Brunke et al. 

(2014) studied firms belonging to the iron and steel industry and found that major 

barriers were technical risks, limited access to capital and other priorities for financial 

investments.  
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Previous studies on barriers to industrial energy efficiency have also stressed that the 

main barriers vary between regions and sectors (e.g., Sorrell et al., 2000). Many of the 

main barriers found in the studies presented above are related to economic nonmarket 

failures and market failures; however, some are also of a behavioural and organisational 

nature. Hence, cost savings is important in decisions on energy efficiency measures, but 

the adoption of measures also faces other obstacles. Therefore, the identification of the 

major barriers to industrial energy efficiency in various contexts and on different levels 

is of great importance since it might guide the development of possible strategies to 

overcome them. The consideration of additional benefits from energy efficiency measures 

and investments could be a means to overcome certain barriers, which underscores the 

importance of studying the non-energy benefits of industrial energy efficiency. 

2.2.2 Drivers 

Unlike the identification of barriers to industrial energy efficiency, the drivers of 

industrial energy efficiency have not been subject to as much thorough research. Still, the 

understanding and analysis of what drives and fosters the adoption of industrial energy 

efficiency measures is important in relation to improving industrial energy efficiency. 

Drivers to industrial energy efficiency have been empirically studied for the 

manufacturing sector in various regions (e.g., Brunke et al., 2014; Cagno and Trianni, 

2013; Hasanbeigi et al., 2010; Rohdin and Thollander, 2006; Rohdin et al., 2007; 

Thollander and Ottosson, 2008; Venmans, 2014). Studies conducted in Sweden (Brunke 

et al., 2014; Rohdin and Thollander, 2006; Rohdin et al., 2007; Thollander and Ottosson, 

2008) found that commitment from top management, cost reduction resulting from 

lowered energy use, long-term energy strategy, people with real ambitions and the threat 

of rising energy prices act as major drivers to industrial energy efficiency. This was 

acknowledged by Hasanbeigi et al. (2010) who studied the Thai industry, where 

commitment from top management and cost reduction resulting from lowered energy use 

were the main drivers, and Venmans’ (2014) study of the ceramic, cement and lime sector 

in Belgium showed that increasing energy prices and commitment by top management 

were perceived as the main drivers. 

As stressed by Trianni et al. (2014), the characteristics of energy efficiency measures also 

have an important role in the adoption of the measures. This corroborates earlier findings 

from Fleiter et al. (2012) stating that energy efficiency measures with higher adoption 

rates possess characteristics acting as necessarily good drivers. The characteristics of 

energy efficiency measures will be further discussed in the chapter below. 

2.2.3 The characteristics of energy efficiency measures  

In the understanding and explanation of the non-adoption of energy efficiency measures, 

the characteristics of the measures have not normally been considered in the literature 

(Fleiter et al., 2012), at least not in a comprehensive way by investigating several 

characteristics simultaneously. Fleiter et al. (2012) further argue that the characteristics 
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of the measure are what hinder its implementation, rather than the energy efficiency 

measure itself. Consequently, the adoption of energy efficiency measures faces different 

obstacles that depend on the characteristics of the specific measure. In Table 3 below, the 

characteristics and their associated attributes, provided by Fleiter et al. (2012), are 

presented. 

Table 3: Characteristics of energy efficiency measures and their associated attributes, according 

to Fleiter et al. (2012).  

Characteristics Attributes* 

Relative advantage: 

 

Internal rate of return 

 

Payback  

period 

 

Initial expenditure 

 

 

Non-energy benefits 

 

 

Low (<10%), medium (10-30%), high (>30%) 

 

Very long (>8 years), long (5-8 years), medium (2-4 years), short 

(<2 years) 

 

High (>10% of inv.budget), medium (0.5-10% of inv.budget), low 

(<0.5% of inv.budget) 

 

Negative, none, small, large 

Technical context: 

 

Distance to core process 

Type of modification 

 

 

Scope of impact 

Lifetime 

 

 

 

Close (core process), distant (ancillary process) 

Technology substitution, technology replacement, technology 

add-on, organisational measure 

System (system-wide effects), component (local effects) 

Long, medium, short, not relevant 

Information context: 

 

Transaction costs 

Knowledge for planning  

and implementation 

Diffusion progress 

Sectoral applicability 

 

 

High, medium, low 

Technology expert, engineering personnel, maintenance 

personnel 

Incubation, take-off, saturation, linear 

Process related, cross-cutting 

* The adoption rate increases from left to right, for instance, low internal rate of return and long payback 

periods are expected to lead to a lower adoption rate.  
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Based on the literature on the adoption of energy efficiency measures, innovation and 

manufacturing technology, Fleiter et al. (2012) identified 12 characteristics and divided 

them into the three areas outlined above: relative advantage, technical context and 

information context. Non-energy benefits, one of the characteristics grouped into relative 

advantage, were considered to be one of the characteristics that would impact the 

adoption rate, with large non-energy benefits expected to yield a higher adoption rate 

(Fleiter et al., 2012). The magnitude of non-energy benefits, in respect to the adoption 

rate, will naturally vary due to how important the benefits are from the perspective of the 

firms; in other words, the firms’ perception of, for instance, the benefits’ quantifiability 

and strategic character of the benefits (e.g., Cooremans, 2011). As regards the remainder 

of the characteristics classified as relative advantage, Fleiter et al. (2012) considered a 

high internal rate of return, a short payback period and a low initial expenditure to 

positively influence the adoption rate. However, if non-energy benefits are quantified and 

included in the investment calculation, the benefits will also influence and lower the PB 

periods. Hence, an interrelation between these two characteristics might exist. As can be 

seen in Table 3 above, Fleiter et al. (2012) also address the attributes of technical and 

information characteristics as factors having an impact on the adoption rate of energy 

efficiency improvement measures, such as the distance to the core process, which has 

previously been stressed as important (e.g., Cooremans, 2012), and the type of 

modification (Paramonova et al., 2015). Another attribute, sectoral applicability, was 

stated to yield a higher adoption rate for cross-cutting measures (similar to support 

processes) than for process-specific measures. This is in line with what has been found in 

barrier studies; less information exists on measures for specific production processes 

than cross-cutting measures, which is more general. Hence, new technology and 

alterations in specific production processes are viewed as risky projects (e.g., Rohdin et 

al., 2007; Thollander and Ottosson, 2008).  

The importance of the characteristics of energy efficiency improvement measures has, in 

later research, been acknowledged by Trianni et al. (2014). These authors presented 17 

categorised attributes that characterise industrial energy efficiency improvements. For 

an outline, see Table 4.  
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Table 4. The characteristics and associated attributes of industrial energy efficiency measures, 

according to Trianni et al. (2014). 

Characteristics Attributes 

Economic 

 

Energy 

 

Environmental 

 

Production-related 

 

Implementation-related 

 

 

 

Interaction-related 

attributes 

Payback time, implementation cost 

 

Resource stream, amount of saved energy 

 

Emission reduction, waste reduction 

 

Productivity, operation and maintenance, working environment 

 

Saving strategy, activity type, ease of implementation, likelihood 

of success/acceptance, corporate involvement, distance to core 

business 

 

Indirect effects 

Trianni et al.’s (2014) classification shares common features with the classification 

scheme provided by Fleiter et al. (2012); for instance, characteristics such as payback 

time, implementation cost, activity type and distance to core business. However, the way 

in which additional effects, such as non-energy benefits, are tackled differs. Trianni et al. 

(2014) have incorporated the various benefits into the attributes, while Fleiter et al. 

(2012) have devoted a specific characteristic attribute to the benefits. 

Trianni et al. (2014) have further applied their proposed characteristics in developing a 

framework for the characterisation of energy efficiency measures that aimed to 

contribute to improving understanding of the barriers to energy efficiency and what 

drives the adoption of energy efficiency measures. The authors concluded that 

characteristic attributes of energy efficiency measures with higher adoption rates may act 

as drivers of energy efficiency.  

Hence, studying the characteristics of energy efficiency measures will deepen our 

understanding of what drives and hinders the adoption of energy efficiency measures 

while concurrently tackling various perspectives. As stated by both Fleiter et al. (2012) 

and Trianni et al. (2014), this will not only deepen our understanding, but also provide 

guidance to decision-makers and policy-makers when implementing and promoting 

energy efficiency measures. 

2.2.4 Economic evaluation of energy efficiency investments 

As for any improvement requiring an investment, economic evaluation plays a key role in 

making decisions on energy efficiency investments. The economic evaluation should 
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provide adequate economic information that is needed to make a decision. Short et al. 

(1995) state that a complete analysis involves forecasting each year of the investment’s 

lifetime and should include direct, indirect and overhead costs, taxes, returns on 

investment and externalities relevant to the decision. However, it is important to let the 

objective of the analysis and decision-making criteria dictate how detailed the evaluation 

must be (Short et al., 1995), because this will also influence the choice of evaluation 

method applied. For economic evaluations and analysis of investments in general, 

common methods (or capital budgeting tools) applied by firms are the net present value 

(NPV), the internal rate of return (IRR), and the calculation of the payback period (PB). 

The same methods are applied for the evaluation and analysis of investments in energy 

efficiency (e.g., Harris et al., 2000).  

NPV considers the discount rate and accounts for the time perspective by including the 

lifetime of the investment; it is therefore viewed as a method that provides the most 

correct decision basis of these three methods (e.g., Brooks, 2016). IRR is more complex to 

use; therefore, it is more difficult get accurate evaluations when applied (Brooks, 2016). 

PB, however, is regarded as a simple method to use in the economic evaluation of 

investments as well as in general decision-making on investments; the method is 

commonly applied by firms despite its limitations (Olve and Samuelson, 2008). For 

instance, the PB method does not account for the time aspect of the return, hence, cash 

flows that arise at a later stage will not be regarded (e.g., Brooks, 2016). This well-known 

deficit in not being able to sort short-lived investments from long-lived investments has 

been acknowledged by Jackson (2010), and the author also emphasises that the use of the 

PB method can lead to the rejection of profitable investments. In their study conducted 

among the largest corporations in Sweden, Sandahl and Sjögren (2002) showed that PB 

is the most commonly applied capital budgeting tool in all types of industries, but is also 

the most frequently used in the engineering sector (90% of the studied firms stated they 

used the PB method). The PB method is also a commonly applied tool for the evaluation 

of energy efficiency investments (e.g., Harris et al., 2000; Sandberg and Söderström, 2003; 

Bunse et al., 2009). However, firms, in particular larger firms, occasionally complement 

their evaluation methods with NPV and IRR, for instance (Sandahl and Sjögren, 2003). As 

regards energy efficiency improvement investments, findings from Sandberg and 

Söderström (2003) and Cooremans (2012) showed that firms use the PB method along 

with IRR and NPV, especially when it comes to making larger investments (Sandberg and 

Söderström, 2003). Like the PB method, IRR and NPV are also applied as single evaluation 

methods by firms; however, as a single evaluation tool, these methods are not as common 

as the PB method (e.g., Brunke et al., 2014; Harris et al., 2000).  

As regards investment criteria that guide the investment decision, research has shown 

that shorter payback periods are required and higher discount rates are charged for 

energy efficiency investments to pass to a positive decision, compared to, for instance, 

ordinary investments in production efficiency (Qiu et al., 2015). Jackson (2010) stresses 

that lower PB times are applied by firms to account for possible uncertainties, such as 
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future energy prices. Previous literature on energy efficiency investments indicates that 

PB periods of 3.5 years or less (e.g., DeCanio, 1998; Harris et al., 2000; Thollander and 

Ottosson, 2010; Brunke et al., 2014; Venmans, 2014) and an average discount rate of 13% 

is required to make the investments (Harris et al., 2000). To this, Qiu et al. (2015) add 

companies’ views on energy efficiency projects as cost centres, meaning that energy 

efficiency investments are not often associated with an increased revenue or profit. In a 

study on energy efficiency investments in manufacturing enterprises in the US, Abadie et 

al. (2012) corroborate the role of the PB method as the decisive factor, together with the 

investment cost, in decisions on energy efficiency investments. As concluded by the 

authors: “The probability of an investment being made in years decreases as the payback 

time in years increases…” (Abadie et al., 2012, p. 564). The authors’ findings also showed 

that investment cost has more impact on the investment decision than potential benefits. 

Furthermore, their results showed that the probability of making positive decisions on 

energy efficiency improvement investments increases with cost reductions and increases 

in expected savings.  

 

To conclude, economic evaluation has an important role in deciding on energy efficiency 

investment. However, strict criteria seem to be applied in decisions on energy efficiency 

investments. This addresses the role of non-energy benefits in relation to energy 

efficiency investments and whether the effects are taken into account in decisions on 

energy efficiency investments. 

 

2.2.5 Strategic value of energy efficiency investments 

Profitability is viewed as an important driver of investment decision-making. However, 

recent studies by Cooremans (2011, 2012) have shown that the results of financial 

evaluation are often viewed as secondary. Instead, it is the strategic character of the 

investment that is decisive in making an investment decision. Examples of strategic 

investments are capital investments linked to a firm’s core business, such as investments 

that improve productivity and capacity (Cooremans 2011, 2012). This relates to what has 

previously been found on energy efficiency investments; the absence of a link between 

energy efficiency investments and core business is argued to contribute to the non-

adoption of energy efficiency investments because other, more attractive, investment 

alternatives are chosen and decided upon (e.g., Harris et al., 2000; Sandberg and 

Söderström, 2003). Apart from core business, Cooremans (2011) defines an investment 

as strategic “if it contributes to create, maintain, or develop a sustainable competitive 

advantage” (p. 483). In the definition given above, the term competitive advantage is 

defined by three interrelated parameters: costs, value and risks, and these parameters 

have been applied by the author to evaluate an investment’s strategic character 

(Cooremans, 2011). Into this characterising framework, Cooremans (2011) incorporates 

the role of non-energy benefits, in other words, how these benefits can contribute to costs, 

value and risk (competitive advantage). Based on the benefits reported by Worrell et al. 
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(2003), Cooremans (2011) argues that non-energy benefits contribute to all three 

dimensions of competitive advantage: reduced waste, reduced material and reduced wear 

and tear on equipment decreases costs; for instance, improved product quality and 

improved public image increases value; and reduced hazardous waste and reduced CO, 

CO2, NOx, SOx emissions reduce risks.  

Cooremans’ (2012) findings also stressed the role of investment categories; investigated 

firms confirmed the existence of investment categories, which implies there is 

competition between investments within a firm. Moreover, the most common investment 

categories stated by the firms were related to core business, which further contributes to 

the relation between strategic investments and positive investment decisions. Cooremans 

(2012) also showed that half of the firms studied lacked a category for energy efficiency 

investments, which corroborates earlier findings from de Groot et al. (2001).  

2.2.6 The decision on energy efficiency investments – a summary 

In the chapters above, possible factors guiding and impacting decisions on energy 

efficiency measures have been described and discussed. Previous literature on industrial 

energy efficiency together with the aim and the research questions stated in Chapter 1 

have been guiding in the choice of the factors. In Figure 2 below these factors are 

summarised. 

 

Figure 2. Possible influencing factors in relation to the decision-making on energy efficiency 

measures. 
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It should be noted that there might exist interrelations between the factors in Figure 2 

since one factor might have an impact on one or more of the other factors. For instance, 

the payback period applied in the financial evaluation of investments is argued to be an 

attribute that characterises energy efficiency measures (Fleiter et al., 2012). Despite the 

possible interrelations, this model remains a suitable framework for analysing the results 

presented in this thesis. 

2.3 Non-energy benefits 

In addition to energy savings and energy cost savings, energy efficiency improvement 

measures and investments can lead to other beneficial effects. These benefits have been 

observed at different levels in society depending on the perspective applied (e.g. Finman 

and Laitner, 2001; IEA, 2012a; Lilly and Pearson, 1999; Mills and Rosenfeld, 1996; Pye 

and McKane, 2000; Ürge-Vorsatz et al., 2009). Denoted as “multiple benefits”, IEA (2012a) 

presents the most inclusive term, which covers benefits delivered at all societal levels: the 

individual level, the sectoral level, the national level and the international level. By 

narrowing the perspective to the sectoral level (e.g., the industrial and the residential 

sector) and the individual level (e.g., the firm level), other similar concepts are presented, 

such as non-energy benefits (e.g., Lilly and Pearson, 1999; Pye and McKane, 2000; Finman 

and Laitner, 2001; Worrell et al., 2003; Mills and Rosenfeld, 1996; Skumatz and Dickerson, 

1997), productivity benefits (e.g., Worrell et al., 2003), ancillary benefits (e.g., Mundaca, 

2008; Lung et al., 2005) and co-benefits (e.g., Jakob, 2006; Ürge-Vorsatz et al., 2009). 

These terms all occur in, for example, the residential area, the environmental area and in 

industrial contexts. There is no clear definition for how these concepts are used 

(Rasmussen, 2014), but non-energy benefits is the most commonly mentioned term in the 

literature covering industrial energy efficiency improvements (e.g., Lilly and Pearson, 

1999; Pye and McKane, 2000; Finman and Laitner, 2001; Hall and Roth, 2003; Worrell et 

al., 2003). However, in an industrial context, ancillary savings, productivity and 

production benefits are sometimes used as synonyms for non-energy benefits (e.g., 

Worrell et al., 2003, Lung et al., 2005). Table 5 below summarises the industrial non-

energy benefits reported in previous literature. 

Table 5. A summary of the industrial non-energy benefits reported in the literature, categorised 

in accordance with Finman and Laitner (2001) and Worrell et al. (2003). 

Non-energy benefits Publication 

Production 
Increased productivity, reduced production costs (including labour, 
operations and maintenance, raw materials), improved product quality 
(reduced scrap/rework costs, improved customer satisfaction), improved 
capacity utilisation, improved reliability 
Improved productivity, greater product life, lower losses of product, better 
quality 
Increased yield of product, shorter processing cycles, improved quality 

 
Pye and 
McKane, 2000 
 
 
Skumatz et al., 
2000 
Laitner et al., 
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Increased product output/yields, improved equipment performance, shorter 
process cycle times, improved product quality/purity, increased reliability in 
production 
 
Productivity (e.g., less downtime), defect or error rates (e.g., improved 
lighting gave fewer measurement errors and shipping mistakes, improved 
temperature control resulted in products of higher quality, new compressor 
gave an adequate pressure leading to improved quality) 
Reduced product waste, increased production, improved product quality, 
increased production reliability, shorter process/cycle time 
Improved productivity (increased profit, safer working conditions, 
consistency and improvement in quality and output, reduced capital and 
operating costs and reductions in scrap) 
 

2001 
Finman and 
Laitner, 2001; 
Worrell et al., 
2003 
Hall and Roth, 
2003 
 
 
Lung et al., 
2005 
IEA, 2012a 
 

Operations and maintenance 
Reduced operations and maintenance costs, reduced wear, extended 
equipment lifetime 
Extended life of equipment, reduced cleaning requirements, reduced 
operating time, reduced ancillary operations (e.g., degreasing, cut-off, 
swaging and annealing), reduced downtime 
Lower maintenance, better control, longer equipment lifetimes, greater 
control of equipment and temperatures 
Lower operation and maintenance costs, reduced wear and tear on 
equipment, increased reliability 
Reduced need for engineering controls, lowered cooling requirements, 
increased facility reliability, reduced wear and tear on equipment/machinery, 
reductions in labour requirements 
 
Non-energy operating costs (e.g., decreased staff time), equipment life, 
maintenance costs 
Reduced maintenance costs, reduced purchases of ancillary materials, 
reduced water consumption, lower cooling requirements, reduced labour 
costs, lower costs of treatment chemicals 
 
Work environment 
Improved worker safety (resulting in reduced lost work and insurance costs), 
decreased noise 
Better lighting, safety/security, improved work environment, better 
aesthetics, reduced glare, eyestrain, greater comfort, better air quality, better 
air flow, reduced noise 
Safer conditions, reduced noise, improved lighting, improved air quality, 
improved temperature control 
Reduced need for personal protective equipment, improved lighting, reduced 
noise levels, improved temperature control, improved air quality 
 
 
Personnel needs, injuries or illnesses (e.g., fewer accidents due to improved 
lighting), employee morale or satisfaction (e.g., improved lighting and 
temperature control 
Increased worker safety, reduced noise levels, improved workstation air 
quality 
Health and well-being impacts 
 

 
Lilly and 
Pearson, 1999 
Pye and 
McKane, 2000 
 
Skumatz et al., 
2000 
Laitner etal., 
2001 
Finman and 
Laitner, 2001; 
Worrell et al., 
2003 
Hall and Roth, 
2003 
Lung et al., 
2005 
 
 
 
Pye and 
McKane, 2000 
Skumatz et al., 
2000 
 
Laitner et al., 
2001 
Finman and 
Laitner, 2001; 
Worrell et al., 
2003 
Hall and Roth, 
2003 
 
Lung et al., 
2005 
IEA, 2012a 
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Waste 
Reduced waste disposal costs, reduced water losses and bills, greater 
efficiency and control of water use, reduced overwatering of landscaping, 
reduced water use 
Reduced wastes of product, water, and hazardous materials, reduced raw 
materials use, effective reutilisation of waste heat 
Use of waste fuels, heat, gas, reduced product waste, reduced wastewater, 
reduced hazardous waste, materials reduction 
 
 
Waste generation (e.g., reduced wastewater) 
 
Reduced hazardous waste, reduced wastewater output 
 
 
Emissions 
Reduced emissions and reduced fines related to emission exceedances 
 
Reduced cost of environmental compliance, reduced emissions 
 
Environmental benefits, reduced cost of environmental compliance 
 
Reduced emissions, of dust and criteria pollutants, cost savings from avoided 
mitigation expenses or fines 
Reduced dust emissions, reduced CO, CO2, NOX, SOX emissions 
 
 
 
 
 
Other 
Higher tenant satisfaction, labour savings, better water flow 
 
Decreased liability, improved public image, delaying or reducing capital 
expenditures, additional space, improved worker morale 
 
 
Sales levels 
 
Achieved rebate/incentive (one-time), reduced/eliminated demand charges, 
reduced/eliminated rental equipment costs, avoided/delayed costs (one-
time) 
Improved competitiveness, increased asset values, poverty alleviation, energy 
affordability and access, increased disposable income, energy provider and 
infrastructure benefits 

 
Skumatz et al., 
2000 
 
Laitner et al., 
2001 
Finman and 
Laitner, 2001;  
Worrell et al., 
2003 
Hall and Roth, 
2003 
Lung et al., 
2005 
 
 
Lilly and 
Pearson, 1999 
Pye and 
McKane, 2000 
Skumatz et al., 
2000 
Laitner et al., 
2001 
Finman and 
Laitner, 2001;  
Worrell et al., 
2003; Lung et 
al., 2005 
 
 
Skumatz et al., 
2000 
Finman and 
Laitner, 2001; 
Worrell et al., 
2003 
Hall and Roth, 
2003 
Lung et al., 
2005 
 
IEA, 2012a 
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The non-energy benefits compiled in the table above are benefits perceived on the 

individual and sectoral levels. Hence, possible benefits can affect industrial firms in 

various ways depending on the areas in which the effects will arise. For instance, the 

processes and associated equipment in the firms or the people within the organisation 

might benefit from the additional effects, but some effects might also translate into 

positive values outside the firm, affecting the external environment.  

Previous studies on industrial non-energy benefits showed differences in how detailed 

the benefits were investigated and reported. Finman and Laitner (2001), Worrell et al. 

(2003) and Lung et al. (2005) investigated industrial energy efficiency projects in relation 

to non-energy benefits, but the particular non-energy benefits from each project were not 

reported. The focus was rather on the benefits’ total monetary impact on all the projects, 

i.e. quantification of non-energy benefits and their role in financial evaluations were 

addressed. Skumatz and Dickerson (2000) reported non-energy benefits of some 

industrial processes or energy-using areas: lighting, HVAC, water use and refrigeration. 

However, specific energy efficiency measures undertaken for each category and hence 

specific non-energy benefits were not specified. Lilly and Pearson (1999), Pye and 

McKane (2000), Laitner et al. (2001) and Trianni et al. (2014) represent studies that have 

reported particular non-energy benefits of specific energy efficiency measures.  

To conclude, perceived non-energy benefits reported in previous literature on the subject 

have hence been reported on three different levels: as an outcome of energy efficiency in 

general; as the additional effects of energy efficiency measures for an energy-using 

process or technology; or as the particular non-energy benefits of specific energy 

efficiency measures. 

The categorisation of Finman and Laitner (2001) and Worrell et al., (2003), which is 

applied in Table 5 above, divides the benefits according to how and where they have been 

perceived in a firm: waste, emissions, maintenance and operating, production, working 

environment and a sixth category consisting of other benefits not fitting the categories 

mentioned. This further underlines the diversity of the benefits and shows that energy 

efficiency improvements might possibly add extra value in different areas, for instance, 

on various organisational levels and to various individuals within a firm. Hence, it is 

apparent that a broad perspective must be applied to understand all the effects that 

energy efficiency improvements might generate. This has also been stressed by Fleiter et 

al. (2012) and Cagno and Trianni (2014) in addressing the importance of the 

characteristics of energy efficiency measures, of which non-energy benefits constitutes 

attributes defining the characteristics, in connection with the adoption level of energy 

efficiency measures and investments. Therefore, widening the perspective of energy 

efficiency measures by addressing and acknowledging non-energy benefits would be one 

way to further improve industrial energy efficiency. 

It should be noted that certain authors describe some of the stated non-energy benefits 

as reduced costs, for instance, reduced operations and maintenance costs and reduced 
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production costs. This implies that the benefits have already been measured, quantified 

and financially evaluated. However, the evaluation of the benefits presents challenges in 

and of itself and these challenges will be discussed in the next section.  

2.3.1 Evaluation of non-energy benefits 

Pye and McKane (2000) have stated that if non-energy benefits are monetised and 

included in the investment calculation regarding industrial energy efficiency projects, the 

financial aspect of investments in energy efficiency improvements will be enhanced. This 

was acknowledged by Finman and Laitner (2001) who argued that non-energy benefits 

had to be considered and assigned monetary values (if possible). Then, the full potential 

of the energy efficiency investments will be reached. Finman and Laitner (2001) have 

studied non-energy benefits using 77 case studies; in 52 of the cases, benefits could be 

quantified and monetised, resulting in cutting the payback time for the project by half 

(from 4.2 years, based only on energy savings, to 1.9 years, including non-energy 

benefits). The energy savings in the 52 cases were also compared to the monetised values 

of the non-energy benefits. According to Finman and Laitner (2001), for more than half of 

the 52 cases, the non-energy benefits were equal to or greater than the energy savings. 

Furthermore, when studying 74 businesses, Hall and Roth (2003) found that annual 

monetised, non-energy benefits were worth about 2.5 times the energy savings. These 

findings stress the financial potential of non-energy benefits if quantified and monetised. 

However, not all benefits are quantifiable or monetisable. Still, Hall and Roth (2003) 

estimated that in the businesses they studied, an average of 3.27 non-energy benefits (of 

the 10 given) could be quantified and monetised for every energy-efficient measure 

installed—especially benefits within the maintenance and waste category. Laitner et al. 

(2001) presented several examples of non-energy benefits together with comments about 

the opportunity to quantify the benefits. According to the authors, non-energy benefits 

related to production, operating and maintenance, waste and emissions could be 

quantified. On the other hand, non-energy benefits improving the working environment 

may be more difficult to quantify and monetise. These findings were confirmed by Lilly 

and Pearson (1999) who stressed that non-energy benefits improving operations and 

maintenance and reducing emissions may be quantifiable and monetised through 

metering before and after implementing the measure. Studies undertaken by Lung et al. 

(2005) showed that most of the quantified benefits were related to operations and 

maintenance and production, whereas improved working conditions (improved worker 

safety, reduced noise and improved air quality) and lower emissions were not quantified. 

Hence, these benefits were not included in the calculation method. Pye and McKane 

(2000) stated that quantifiable non-energy benefits influence economic evaluations in a 

direct manner, in particular, if they are linked to their impact on a firm’s productivity. 

Cooremans (2011) later stressed the intangible benefits, which are more difficult to 

evaluate, play an important role (if considered in investment decisions) by creating value 

in a qualitative way that contributes to competitive advantage. 
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Given the findings above, omitting non-energy benefits from evaluations of energy 

efficiency investments may result in an underestimation of the financial potential for an 

energy efficiency investment or measure. Moreover, these findings also stress the 

importance of monetising the non-energy benefits in order to incorporate the benefits 

into the investment calculation. In order to make energy efficiency investment 

evaluations and calculations as accurate as possible, negative impacts should be 

considered as well. 

Abadie et al. (2012) showed that the probability of making positive decisions on energy 

efficiency investments increases with cost reductions and with increases in expected 

savings, which also stresses the importance of the monetisation of non-energy benefits. 

Quantified and monetised benefits should increase cost reductions and savings, thereby 

contributing to positive decisions on energy efficiency investments.  
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3. Energy efficiency measures and non-
energy benefits for a specific energy-using 
process: The case of compressed air 

This chapter will shift away from the previous chapter’s general focus on energy efficiency 

and non-energy benefits to consider one specific technology and its associated energy 

efficiency measures. This will be illustrated by the case of compressed air systems. This 

chapter introduces the theoretical basis for compressed air systems’ energy efficiency 

improvements, which includes a description of the compressed air system, energy efficiency 

in compressed air systems and various parameters that could affect the decisions behind 

improving industrial energy efficiency in compressed air systems (e.g., type of measure, 

barriers to the measure and possible additional benefits of the measure).  

3.1 The compressed air system 

Compressed air is a widely used application in industrial processes and different 

industrial sectors have specific needs regarding its use (Saidur et al., 2009). Hence, the 

design of compressed air systems varies between sectors, but should also match the 

processes and the production within the individual firm, which leads to unique and 

specifically adjusted systems. Compressed air is used as an integral part of industrial 

process, for instance stirring, blowing, moulding and sorting, or as an energy medium in, 

for instance compressed air-driven tools (EC, 2009). 

In Figure 3 below an overview of the compressed air system is displayed.  
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Figure 3. An overview of the compressed air system (Atlas Copco, 2009, CEATI, 2007 and DOE, 
2003). 

Typically, the supply-side of a compressed air system comprises air inlet, motor, 
compressor, after cooler, various treatment and primary storage, while the demand-side 
includes distribution, secondary storage and end-use equipment (CEATI, 2007). 

Atlas Copco, a supplier of compressed air systems, related parts and sub-systems, has for 
many years published the Atlas Copco Compressed Air Manual (Atlas Copco, 2009), which 
comprehensively describes the compressed air system from various aspects. Below, the 
compressed air system will be briefly described based on their manual. 

The process starts with the generation of compressed air by the compressor, which most 
often is driven by an electric motor. The motor can be integrated into the compressor unit 
or separately installed to the compressor. The compression of air generates heat, which 
requires cooling after the compression stage. Most compressed air systems are equipped 
with an after-cooler and in some installations the after-cooler is even built into the 
compressor. The cooling system further contributes to achieving an energy-efficient 
process and improves the condensation of water vapour. 

The compressed air produced should be of the right quality, which is judged by the air 
quality specified by the user—this in turn depends on how the air is used within the firm’s 
processes. Along with water (droplets or vapour), compressed air can contain oil 
(droplets or aerosol) and particles (e.g., dust and micro-organisms) of various types and 
sizes. That determines which type of filter is required to separate the particles from the 
air. All filters cause a pressure drop in a compressed air system; fine filters lead to higher 
pressure drops which require an increased energy use. Consequently, filters should be 
designed to manage desired air quality and air flows as well as to minimise pressure 
drops. 
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A compressed air system needs to provide a certain pressure and flow rate to support the 

end-use equipment, and this is often managed by a regulation system. As energy use 

constitutes the largest share of the total life cycle cost of a compressed air system, the 

regulation system is very important. Ideally, the compressor’s capacity should match its 

consumption of compressed air. The regulation also depends on the type of compressor, 

acceptable pressure variations, and acceptable energy losses. In order to regulate the 

compressor itself, as well as to regulate an entire compressed air system, a control system 

is often integrated into the system. The main objective of the control system, in addition 

to facilitate a well-functioning system, is often to optimise operation and costs. 

Information about the regulation and current condition of the system is often provided by 

a data monitoring system. Normally, parameters like temperature and pressure are 

measured and displayed. If the compressed air system consists of several compressors 

and sections of smaller compressed air systems, a larger comprehensive control system 

is required in order to coordinate operations and maintain the supply of compressed air. 

The heat formed when the air is compressed can be utilised and contribute to decreasing 

a firm’s energy costs. The quantity of recovered energy will naturally vary due to the 

variable loads of the compressor. Therefore, the recovered energy from the compressor 

is best utilised as a supplement to other energy systems. 

A distribution system is required to transport the compressed air produced to its 

destination, i.e., to the end-use equipment. The distribution system design should account 

for a low-pressure drop between the compressor and the destination, minimise leakages 

from the piping and allow for optimal condensation if an air dryer is lacking, because these 

factors affect efficiency, reliability and the cost of the compressed air system. For instance, 

this is needed to offset pipeline pressure drops that increase the working pressure of the 

compressor and lead to increased energy use and energy costs. One or more air receivers 

can also be installed as buffers of compressed air. However, even in an optimal system for 

the distribution of compressed air, there will always be pressure losses, for instance, due 

to friction in losses in piping. 

As can be concluded from the description of the compressed air system above, it is a 

complex system involving several parts. The energy efficiency of a compressed air system 

is closely related to the overall efficiency of the system, which in turn is dependent on the 

efficiency of all the system’s sub-parts. 

3.1.1 Energy efficiency measures in compressed air systems 

Atlas Copco (2015) also describes different parameters and aspects that should be 

considered in energy efficiency improvements for compressed air systems. Below energy 

efficiency in compressed air systems will be briefly described according to their 

Compressed air Manual.  

Typically, a compressed air system often offers several opportunities for improving 

energy efficiency. Power requirements, working pressure, air consumption, regulation 
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method, air quality, energy recovery and maintenance, are examples of parameters that 

should be considered in order to optimise the efficiency of the overall system. The power 

requirement depends on the working pressure; a high working pressure corresponds to 

a high-energy use. In addition, all sub-parts of the system should be considered since all 

components of the compressed air system, for instance filters, dryers, valves, receivers 

and piping, cause possible pressure drops. Minimising unnecessary pressure drops over 

ancillary equipment in the system therefore reduces the energy use since the working 

pressure does not have to compensate.  

The use of compressed air can be analysed by documenting production routines and 

processes in order to match the use to the load on the compressor(s). Use of air that is not 

related to a firm’s production should be avoided or minimised, for instance, leakages and 

incorrect use. Leakage is also related to the working pressure; sealing of leaks leads to 

lower working pressures and thereby decreased energy. Since the use of compressed air 

varies according to the demand, the design of a compressed air system should offer 

flexibility; a combination of compressors of various capacities and speed control, together 

with a control and regulation system, optimises the energy use. 

Maintenance should be properly planned in order to increase the life of the compressed 

air equipment and its ancillary equipment. Maintenance depends on several parameters, 

such as the types of compressor, ancillary equipment, operation, and the degree of 

utilisation. High-quality compressed air (i.e., dyr and oil-free air) requires less 

maintenance, increases the operation reliability of the compressed air system and 

minimises the wear and tear on machines. Energy recovery, i.e., use of excess heat, also 

improves energy efficiency of a compressed air system. 

Björk et al.’s (2003) earlier study added an extended view on energy efficiency measures 

in compressed air systems in which they stressed the importance of the order of 

implementing the measures. Due to the energy losses in the generation of compressed air, 

the first step to improve energy efficiency in compressed air systems should involve a 

change from compressed air driven equipment to electric driven equipment; after that, 

seeking out, and sealing, leakages should be the next step. After these two steps have been 

completed, the remaining end-use demand for the system should be analysed and 

compressors and sub-systems should be adjusted accordingly. For instance, the 

remaining need might be met by smaller compressors, or some sections of the system 

could be turned off during specific production hours. Going one step further would be to 

continuously optimise the workload on the compressors according to the actual demand 

for compressed air. The last measure to consider, according to Björk et al. (2003), when 

all other measures have been addressed, is opportunities for energy recovery, i.e., heat 

recovery, but this assumes that there is an application for the recovered heat. 
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3.1.2 Technology-specific barriers, drivers and non-energy benefits 

With a few exceptions (Cagno and Trianni, 2014; Fleiter et al., 2012), previous research 

on barriers and drivers has treated energy efficiency measures as one entity. However, 

the research on the characteristics of energy efficiency measures have stressed that the 

diversity among these measures affects their adoption (Fleiter et al., 2012; Trianni et al., 

2014).  

In a study based on manufacturing SMEs in Italy, Cagno and Trianni (2014) investigated 

barriers to specific energy efficiency measures for lighting, compressed air, motors and 

HVAC, and concluded that different barriers were perceived for specific energy efficiency 

measures and that these barriers also varied depending on the characteristics of the 

measures. As regards energy efficiency measures for compressed air systems, Cagno and 

Trianni (2014) found that energy efficiency measures in compressed air systems face 

mainly information-related barriers. In applying their classification scheme for energy 

efficiency measures, Fleiter et al. (2012) found that it is not the energy efficiency measure 

itself that hinders its adoption, it is rather the characteristics of the measure that hinder 

its implementation. Hence, the adoption of energy efficiency measures faces different 

obstacles depending on the characteristics of the specific measure. The same applies for 

possible drivers of energy efficiency; measures associated with higher adoption rates 

were suggested to possess characteristics that act as sufficiently good drivers that drive 

their adoption and implementation (Fleiter et al., 2012).  

The importance of the characteristics of energy efficiency measures in relation to their 

adoption has also been stressed by Trianni et al. (2014) in developing a framework for 

the characterisation of energy efficiency measures. The authors conclude that 

characteristic attributes of energy efficiency measures with higher adoption rates may act 

as drivers of energy efficiency. Hence, studying the drivers of energy efficiency from 

different perspectives, and on different levels, will deepen the understanding, and, as 

stated by Fleiter et al. (2012) and Trianni et al. (2014), guide decision-makers and policy-

makers in their implementation and promotion of energy efficiency measures. 

As the characteristics of energy efficiency measures differ, specific energy efficiency 

measures will encounter different barriers to, and drivers of, energy efficiency, and that 

this will affect the investment decision accordingly. The same applies to the non-energy 

benefits related to energy efficiency measures. To focus on one specific energy efficiency 

measure is indeed important, even from a theoretical perspective, because the theoretical 

implications are to deepen knowledge regarding which theoretical barriers, and which 

other factors (drivers and NEBs), explain the adoption, or non-adoption, of specific energy 

efficiency measures—including measures in compressed air systems.  
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4. Method 

This chapter describes the methodological approach to, and the methods applied in, the 

papers appended to this thesis.  

The aim of this thesis is to gain new knowledge concerning non-energy benefits and to 

explore their role in relation to decisions regarding energy efficiency investments and 

other energy efficiency measures in industrial firms. In decisions related to energy 

efficiency investments or measures, there are often several actors involved and various 

aspects to consider. Hence, to understand and describe non-energy benefits as a 

phenomenon in a complex context, the view of the actors involved is central. When 

studying a phenomenon involving various actors, a qualitative approach to the 

description, explanation and interpretation is considered suitable (Ahrne, 2011).  

 

Most previous studies on industrial non-energy benefits have been published in the US 

during early years of the 20th century. In recent years, the concept of non-energy benefits 

has attracted an increased interest involving other geographical areas (e.g., IEA, 2012a, 

2014). However, the stream of research involving non-energy benefits may still be viewed 

as an emerging research field. For instance, in Sweden, to the authors best knowledge, 

studies on non-energy benefits have not been conducted before. As described by Creswell 

(2009), for example, a qualitative approach is suitable when conducting exploratory 

studies. Hence, exploratory studies on non-energy benefits, called for qualitative research 

methods to be applied. Therefore, in order to explore the role of non-energy benefits in 

an industrial context, a qualitative research strategy was chosen from the start of the 

studies, even though elements (questionnaire) of a quantitative nature were also 

included. As a result, a qualitative approach, including interviews and a questionnaire, has 

mainly been applied in the studies presented in this thesis. 

 

The aim and the studied problem are decisive in how theory is viewed and how theory is 

generated and challenged. Non-energy benefits constitute a scarcely studied topic, 

particularly in industrial contexts. Due to this exploratory character, the theoretical 

process used throughout the studies presented in this thesis has mainly been of an 

inductive nature, i.e., observations and empirical results have created the foundation for 

new knowledge. However, this inductive approach has also had deductive components; 

for instance, new questions were formulated for further empirical data collection after the 

results had been analysed. Throughout the studies presented in this thesis there has thus 
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been a continuous interaction between theory and empirical data, which Bryman and Bell 

(2011) describe as an iterative approach. 

 

Most of the research presented in this thesis was conducted in an interdisciplinary 

environment since the research project combines two distinct research disciplines: 

energy systems, and business and administration. The interdisciplinary approach has 

particularly been expressed in the collaboration between the author of this thesis and 

Josefine Rasmussen, a doctoral candidate in the field of business and administration. The 

perspectives of the two fields and the interdisciplinary collaboration is most evident in 

the process of preparing Paper II, even though engaged in continuous discussions and 

interacted throughout the entire research process. Furthermore, our interdisciplinary 

research group met regularly while the project was ongoing, which provided input to my 

studies. This interdisciplinary collaboration enriched the research process in various 

ways; for instance, the combination of theories and fruitful discussions to which we all 

contributed resulted in the creation of new knowledge and, according to Creswell (2009), 

in strengthening the reliability of the research.  

4.1 The research process 

The studies that form the basis for the papers in this thesis were uncovered through a 

literature review on non-energy benefits, which was followed by an interview study on 

non-energy benefits and energy efficiency investments with Swedish industrial firms. The 

next step involved collecting further data via a questionnaire. After that, the interview 

study was extended with a few more interviews. Until that point, the focus had been on 

non-energy benefits as a concept and which role the benefits play in relation to the firms’ 

perspective on energy efficiency investments.  

 

To further deepen the knowledge of the role of non-energy benefits, a case study, 

including a large case investment, was conducted. The aim of the case study was to study 

investment decisions on energy efficiency investments in relation to the investment 

process and non-energy benefits. The participants in the case study included 

representatives from different levels and with different roles in the case firm’s 

organisation. The case study was planned by Josefine Rasmussen. However, we conducted 

several interviews together. Josefine Rasmussen was mainly responsible for the case 

study, but I provided input into the interview guides and transcribed one of the 

interviews. The results of the case study are not included in the appended papers. 

However, the insights gained from the case study have played an important role in 

understanding the energy efficiency investments and non-energy benefits which 

provided input for later phases of the research process.  

 

From here, the more general perspective on non-energy benefits shifted to a focus on non-

energy benefits in relation to specific energy efficiency measures. A questionnaire aiming 
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at evaluating energy efficiency measures in relation to non-energy benefits was designed. 

Due to challenges in the collection of data and due to awareness of the increased 

complexity that several measures combined with several non-energy benefits brings, the 

focus was narrowed further to concentrate on measures for one energy-using process, i.e. 

on energy efficiency measures for compressed air systems and the related non-energy 

benefits. The study was conducted as a systematic literature review covering energy 

efficiency measures in compressed air systems as well as possible non-energy benefits in 

relation to energy efficiency in compressed air systems.  

 

4.2 Literature review 

Earlier literature often forms the basis for understanding a research field, and what is 

known about a topic and what has been done before creates the background and sets the 

prerequisites for generating a new theory (Bryman, 2011). To become acquainted with 

the field of industrial energy efficiency and, in particular, non-energy benefits, the 

research process began with a literature review. According to Bryman (2011), a literature 

review could focus on the context and the connections between earlier studies, describing 

their build-up and contributions. On the other hand, Bryman (2011) also states that a 

literature review can be based on problematisation and gaps in previous literature to 

search for certain aspects that have not yet been studied or presented.  

4.2.1 Literature review on non-energy benefits 

The objective of the literature review on non-energy benefits was mainly to create an 

overview of non-energy benefits, and in particular, on overview of the industrial non-

energy benefits. The literature review did not intend to cover the whole area of non-

energy benefits and related concepts, since a comprehensive and systematic literature 

review had previously been conducted by the research project on non-energy benefits 

(Rasmussen, 2014). Therefore, the review mainly focused on industrial non-energy 

benefits, even if some non-energy benefits described in other areas and related concepts 

were included to some extent. The literature review was mainly focused on describing 

previous literature, rather than gap-filling, even if it demonstrated elements of the latter. 

Keywords such as non-energy benefits, industrial energy efficiency, energy efficiency 

investments and energy efficiency measures were applied in the search process. 

Moreover, citations and reference lists found in previously published studies were also 

gleaned for relevant publications. Later, the body of literature on industrial non-energy 

benefits was extended with related literature on industrial energy efficiency investments 

(e.g., decision-making, investment processes and economic evaluation). 
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4.2.2 Literature review on compressed air systems 

The aim of the literature review on compressed air was two-fold. Firstly, it was conducted 

to systematically review previous academic contributions on energy efficiency in 

compressed air systems and, in particular, energy efficiency measures for compressed air 

systems. Secondly, it also aimed to explore possible contributions on non-energy benefits 

in relation to energy efficiency measures for compressed air systems.  

The literature review of the previous academic contributions was also complemented by 

other sources of literature, for instance, technical descriptions of compressed air systems 

and handbooks and reports regarding energy efficiency in compressed air systems.  

The systematic search for literature on energy efficiency measures in compressed air 

systems involved identifying relevant publications, i.e. studies published in peer-

reviewed journals and peer-reviewed conference proceedings. The literature search was 

performed during autumn 2016 and the main resource that was used to search for 

relevant literature on the subject was the scholarly database Scopus. Only articles in peer-

reviewed academic journals and peer-reviewed conference papers were included; other 

publication types were hence omitted. Further selection criteria for inclusion were: 

English as the language of publication, available as full-text, related to energy as a research 

domain, related to the industrial sector, published between 1960-2016 and relevant to 

the studied topic. The search settings were set to search within the article title, abstract 

and keywords. In addition to searching online databases, both journal articles and 

conference papers were identified by citations and reference lists used in articles found 

earlier. Three search strings were applied: “compressed air” was combined with “energy 

efficiency”, “energy saving” or “energy conservation”. The search process and the 

selection process are visualised in the flow chart below (Figure 4). 
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Figure 4. Mapping of the literature search and selection process. 

The articles reviewed were coded according to their bibliographic character and type of 
study, and then they were analysed. The analysis focused on the energy efficiency 
strategies applied in the reviewed articles and the possible non-energy benefits in relation 
to the energy efficiency measures mentioned. The measures were first categorised as 
demand-side measures and supply-side measures and the measures were divided 
according to in which sub-part of the compressed air system the measure aimed at. 
The relevant publications uncovered during the literature review were also analysed with 
respect to the possible non-energy benefits of the energy efficiency measures described. 
Furthermore, the possible relationships between non-energy benefits and energy 
efficiency measures in compressed air systems were also approached from the 
perspective of non-energy benefits; previous literature on non-energy benefits was 
reviewed in relation to energy efficiency measures for compressed air systems.  

4.3 Interviews 

In Papers I and II, data was mainly collected by conducting interviews. In qualitative 
research, interviews aim to understand a certain phenomenon from the perspective of the 
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study object (Kvale and Brinkmann, 2009). Hence, interviews are suitable for gaining 

greater understanding of a certain topic and, in particular, to uncover how people 

perceive the topic. Qualitative interviews were thus the chosen method in these studies 

to collect the study objects experiences with non-energy benefits and related topics. The 

conversation and the interaction between the interviewee and researcher is central in 

research based on interviews because the conversation, characterised as a professional 

talk, intends to create new knowledge through that interaction (Kvale and Brinkmann, 

2009). 

Thirteen interviews with representatives from Swedish industrial firms were conducted 

in this study. The selection of the participating firms was based on energy use, assuming 

that firms with a high energy use probably have sufficient experience with energy 

efficiency improvements. Moreover, the majority of the firms had also joined the Swedish 

Programme for Energy Efficiency in Energy-Intensive Industry (PFE), a voluntary long-

term agreement,1 meaning that the firms would have experience in implementing energy 

efficiency measures and possibly additional effects in relation to the measures. The 

energy use in the firms was between 40-5000 GWh per year and the participating firms 

covered the following sectors: pulp and paper (three firms); engineering (five firms); 

chemical (two firms); iron and steel (two firms); and another type of manufacturing 

industry (one firm). Interviewed representatives were energy managers or similar, i.e., 

the interviewees were responsible for handling energy issues and related energy 

efficiency improvements realised at the firm. Nine of the interviews were carried out over 

the telephone by the author of the thesis, while the other four were conducted on-site 

together with Josefine Rasmussen. The interviews lasted from 50 minutes to up to two 

hours. All interviews were recorded and transcribed and the material was mainly 

qualitatively analysed on the basis of the abovementioned research questions. The 

transcripts were also quantitatively analysed in a descriptive way. In the analysis of the 

interview answers provided by the first eight interviews conducted, the following six 

barriers (outlined by Sorrell et al., 2004) were applied in analysing the non-inclusion of 

non-energy benefits into investment decisions: risk, split incentives, access to capital, 

imperfect information, hidden costs and bounded rationality. 

4.3.1 The interview guide 

Before the interviews were conducted, an interview guide was developed. As described 

by Kvale and Brinkmann (2009), the interview guide normally structures the interview. 

The interview guide was developed based on the scientific literature on the topic. The 

guide consisted of questions to be asked during the interview. However, the order in 

which the questions were asked varied, and there were also opportunities to ask follow-

up questions. Most questions were of an open-ended nature, but some of them were 

                                                        
1 A voluntary long-term agreement programme that aimed at the Swedish energy-intensive industries. The 
programme was operated by the Swedish Energy Agency (SEA). Firms received a tax rebate if they worked 
with energy-efficiency efforts in a structured way; i.e., performed energy audits, energy analyses, and 
implemented proposed energy-efficiency measures and investments (SFS, 2004). 
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formulated to give straightforward yes or no answers. As discussed by Kvale and 

Brinkmann (2009), this semi-structured approach to formulating the interview guide 

encourages the researcher to start analysing the data during the interview which thus 

permits valuable follow-up and clarifying questions to be asked. The following main topics 

were included in the guide: general information on the firms and the interviewees; 

investments including, for instance, energy efficiency investments, evaluation of 

investments and capital budgeting tools; and different perspectives on non-energy 

benefits. Before the interview guide was used, it was first reviewed by senior colleagues, 

as suggested by Yin (2014). 

4.4 Questionnaire 

In Paper II, the interview study was complemented by a questionnaire to collect data on 

non-energy benefits. One of the advantages of using a questionnaire is that a large amount 

of data can be retrieved in one single opportunity (Bryman, 2011). However, the aim in 

this study was not to collect an extensive amount of data for quantitative analysis, rather, 

the aim of the questionnaire had a more exploratory nature. The intention was to apply 

this method in order to collect data on non-energy benefits, since, to the author’s best 

knowledge, this had not been done before in this context. Hence, the results from the 

questionnaire were of a descriptive nature.   

The questionnaire was distributed to representatives of industrial firms during a one-day 

workshop for the firms participating in the PFE. Representatives participating in the 

workshop were working with PFE- and energy-related issues. The responses were 

collected on the same day by representatives from the Swedish Energy Agency, which 

organised the workshop.  

The questions were intended to collect the respondents’ experiences with non-energy 

benefits. The respondents were asked which benefits they had perceived in relation to 

implemented energy efficiency investments and measures. The following questions 

concerned if, and how, non-energy benefits were included in the firms’ investment 

assessments. These questions were formulated based on a table in which examples of 

non-energy benefits were given. Moreover, the respondents were also asked which capital 

budgeting tools were normally applied by the firm in its investment evaluations. The 

responses were mainly quantitatively analysed in a descriptive way, but the answers were 

also qualitatively analysed according to the research question posed. 

4.5 Discussion on quality aspects  

The quality of research is often evaluated according to quantitative criteria and concepts; 

the general aspects to consider in this sense are reliability, replication and validity 

(measurement validity, internal validity, external validity and ecological validity) 
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(Bryman, 2011). However, Bryman (2011) further argues that this classical way of 

assessing the quality of research (reliability, replication and validity) should be modified 

to fit the evaluation of qualitative studies. The author suggests that this can be achieved 

through the evaluation of the trustworthiness of a qualitative study. Trustworthiness can 

be divided into four parameters: credibility (similar to internal validity), transferability 

(similar to external validity), dependability (similar to reliability) and confirmability 

(similar to the role of objectivity). The methodological approach in this thesis has mostly 

been of a qualitative character, and below, some quality aspects of the research conducted 

in this thesis will be discussed.  

Research should be conducted according to rules established by the field in order to 

confirm that the researcher has the “right” interpretation of the social reality studied. One 

type of confirmation is achieved by using triangulation to validate the results by applying 

more than one type of method; for instance, one quantitative method and one qualitative 

method (Bryman, 2011). In this thesis, data from interviews has been combined with a 

questionnaire. Furthermore, experiences gained by conducting the case study have 

methodologically enriched the studies by contributing to the confirmation. This approach, 

using different types of samples combined with different methods for the collection of 

data, is argued to contribute to strengthening the validity (internal) and the reliability of 

the study (i.e., credibility and dependability according to a qualitative research 

evaluation) (e.g., Creswell, 2009; Patton, 2002). Moreover, all the interviews were 

recorded and transcribed, which also is stated to contribute to these quality criterions 

(e.g., Kvale and Brinkmann, 2009).  

In qualitative research, and, in particular, as regards case studies, generalisation is 

difficult since one or a few cases or situations cannot represent all similar cases or 

situations. Hence, qualitative studies do not aim for the same generalisability as 

quantitative methods. A qualitative researcher rather considers the transferability of the 

results to other situations or contexts. The studies in this thesis covered firms with similar 

characteristics; for instance, similarities regarding their energy use and affiliation with 

the Swedish industrial sector. This might permit the transferability of the results to other 

firms with similar characteristics in similar contexts. 

Bryman (2011) states that even if absolute objectivity cannot be achieved, the researcher 

should not allow their personal values and theoretical standpoints to influence the 

research’s procedures and conclusions. Hence, the findings should be shaped by the 

respondents’ values, and not by the values of the researcher. In this study, the objectivity 

(or confirmability, as it is described in qualitative contexts) has been ensured by the 

parallel analysis carried out by two researchers.  

4.6 Methods applied in relation to the appended papers 

Table 6 below summarises the methods applied in relation to the appended papers. The 

literature review conducted in Paper III was systematically conducted (as defined by, for 
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instance, Tranfield et al., 2003), whereas the literature review in Paper I should not be 

viewed as a systematic literature search. 

 

Table 6. Methods applied in the appended papers of this thesis.  

 

Paper Literature review Interviews Questionnaire 

I x X  

II  X X 

III X   
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5. Results and analysis 

In this chapter, selected results from the appended papers are summarised and analysed. 

Firstly, result on energy efficiency investments will be presented, followed by results 

regarding the existence of non-energy benefits and how non-energy benefits are 

acknowledged in decisions on energy efficiency investments. The chapter ends with results 

on energy efficiency measures in compressed air systems combined with the perspective of 

non-energy benefits.  

5.1 Energy efficiency investments 

5.1.1 Investment motives 

Paper II explored industrial firms’ motives behind their investments. Investments related 

to production or capacity (for instance, the removal of bottlenecks), were stated as the 

most common motives behind their investments. Six firms out of 13 stated that energy 

efficiency could be a motive for investments in new technology. However, three of the 

firms stated that it was often difficult to base their energy efficiency investments on 

energy savings alone. Hence, these investments were commonly combined with other 

motives, for instance improvements in production, in order to meet the requirements 

needed for the investment to pass to a positive decision. This is in line with findings from 

de Groot et al. (2001), who found that energy is just one of the parameters that is 

considered for investments in new technology (i.e., other factors are often included when 

considering investments in new technology, such as increased capacity and improved 

product quality). This also addresses what was previously stressed by Sandberg and 

Söderström (2003), which is that energy efficiency investments are not always pure 

energy efficiency investments. Other investment motives stated by the respondents were: 

work environment; health and safety; replacement or maintenance; quality 

improvements; change in product or product mix; and environment. In addition to the 

investment motives stated above, the firms stressed that cost savings in general was an 

underlying motive for most of their investments. The importance of the link to core 

business is also shown by the results in this study; the most commonly stated investment 

motives relates to production or capacity, followed by change in product or product mix, 
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which was also stated as an investment motive. Hence, these results corroborate 

Cooremans’ (2012) previous findings; among the Swiss firms studied, the most common 

investment categories stated by the firms were related to core business. 

5.1.2 Investment process 

Paper II also investigated the investment processes at the studied firms. Normally, their 

investments followed the steps of identification, analysis, evaluation and implementation, 

which is similar to the investment decision-making model described by Cooremans 

(2012) (see Chapter 2.1), even if there were some deviations among them. Energy 

efficiency investments passed through the same phases as other types of investments in 

the firms; in other words, energy efficiency investments were not handled differently. The 

initiation of an investment varied; investments could, for instance, be initiated by the 

firm’s personnel, or, in the case of energy efficiency investments, be initiated by an energy 

auditor. Most firms stated that the following phase, the analysis of the investment, was 

often based on a pilot study. In the subsequent phase, the evaluation of the investment, 

the studied firms normally used one or more evaluation methods, among which the PB 

method was predominant. The evaluation phase was followed by completing the 

investment proposal, or the basis for the investment decision, which was then presented 

to the firm’s management. 

5.1.3 Factors affecting the adoption of energy efficiency investments 

Results showed that decisions on investments were made on different levels in the 

organisation; larger investments often required decisions to be made on a higher 

organisation level. Hence, the size of the investment seemed to be one factor influencing 

the adoption of investments, including energy efficiency investments. However, 

profitability and short PB periods appeared as the most critical factors determining 

whether investments would pass. Several firms stated that a PB period of 1 to 3 years was 

not an uncommon requirement for investments to be adopted. In some cases, a PB period 

of 1 year was required for the investment to pass, which underlines the importance of 

profitability for a proposed investment to pass to the adoption phase. This is in line with 

findings from Fleiter at al. (2012) and Trianni et al. (2014), stating that short PB periods 

increases the adoption rate of energy efficiency investments. Further, the use of strict 

investment criteria for energy efficiency investments have previously been stated by for 

instance, Qiu et al. (2015) and Abadie et al. (2012). 

Although profitability was viewed as important by the firms, several representatives 

stated that energy issues and energy efficiency were considered strategic by their 

management. Linked to that, investments related to production were often mentioned as 

an investment motive, which relates to the core business and strategic character of 

investments.  
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5.1.4 Common capital budgeting tools  

From the results of the interviews and the questionnaire, the PB period appeared to be 

the method most commonly applied by the firms to evaluate investments. The answers 

implied that this method was generally used for the screening of investments in the early 

phases. The PB method was also used in combination with other tools, like NPV, or as 

stated by one of the firms, the PB method was used for smaller investments while other 

methods, such as NPV, were used for larger investments. NPV and IRR were applied by 

the firms, but to a lesser extent. The findings above describing the firms’ use of the capital 

budgeting tools in relation energy efficiency investments are similar to previous findings 

(e.g., Harris et al., 2000; Sandberg and Söderström, 2003). Further, some firms also used 

life cycle cost (LCC), which was a method mandatory to use for investments made within 

the PFE.  

5.2 Non-energy benefits 

5.2.1 Perceived non-energy benefits 

From the results of the interviews (Paper II), the following non-energy benefits were 

stated by the respondents (from most frequently mentioned to least frequently 

mentioned):  

 

o Reduced maintenance/operation  

o Improved work environment 

o Benefits related to production process 

o Reduced emissions 

o Improved use of excess heat 

o Increased product quality 

o Reduced need for cooling 

o Increased production/productivity 

o Reduced material use 

o Reduced waste/hazardous waste 

o Improved public image 

o Reduced need for heating 

o Personnel safety 

o Improved worker morale 

o Personnel health 

o Logistic benefits 

o Reduced currency risk 
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As can be seen from the list above, the respondents reported that the most commonly 

observed benefits were benefits related to operation, maintenance, work environment, 

emissions and production, of which benefits related to operation and/or maintenance and 

work environment were observed by almost all interviewed firms. Results of the 

questionnaire showed similar results; among the most commonly observed non-energy 

benefits were, according to the respondents, benefits related to production (e.g., 

improved productivity and product quality); operation and maintenance (e.g., reduced 

maintenance); and work environment (e.g., lower noise levels). Although there might be 

differences in how and which types of non-benefits that have been reported, observed 

non-energy benefits in this study showed similarities to findings previously reported in 

the literature on the subject (e.g., Finman and Laitner, 2001; Hall and Roth, 2003; IEA, 

2012a; Lilly and Pearson, 1999; Pye and McKane, 2000; Worrell et al., 2003). The results 

of the interviews and the questionnaire showed that there was variation between the 

firms when it comes to which non-energy benefits were observed.2 

5.2.2 Perceived quantified non-energy benefits 

Both the interview answers and the questionnaire responses indicated that several non-

energy benefits were observed; however, few of them were quantified and monetised. 

Still, the representatives of the interviewed firms stressed that it should be possible to 

quantify and monetise many of the non-monetised benefits. Reduced operation and 

maintenance was frequently stated as a non-energy benefit according to both the 

interview answers and the questionnaire responses, but only half of the interviewees 

stated that these benefits were currently monetised. Other observed monetised non-

energy benefits mentioned by the interviewed firms were, for instance: benefits related 

to production processes or product quality, reduced material use, reduced need for 

cooling, reduced emissions, and use of excess heat. However, these benefits were 

monetised to a lesser degree than the benefits related to operation and maintenance. The 

results above are in line with what has previously been reported by, for instance, Hall and 

Roth (2003), who presented benefits related to maintenance and waste as monetisable; 

Laitner et al. (2001), who give examples of benefits related to production, operation and 

maintenance, waste and emissions; Lilly and Pearson (1999), who stressed that non-

energy benefits improving operation and maintenance and reducing emissions may be 

quantifiable and monetisable; and Lung et al. (2005), who showed that most quantified 

benefits were within the operation and maintenance and production categories. However, 

only one of the interviewees stated that they currently monetised waste, indicating that 

this benefit was monetised to a lesser degree than what has previously been stated in the 

literature.  

                                                        
2 It should be noted that the non-energy benefits stated above were effects from energy efficiency measures in 

general, questions asked did not implicitly seek to explore non-energy benefits of specific energy efficiency 

measures. 
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5.2.3 Inclusion of non-energy benefits in firms’ investment decisions 

From the results presented above, it is evident that even if several non-energy benefits 

are observed by the firms, few are monetised. Quantified and monetised non-energy 

benefits were included in the firms’ investment calculations; however, some of the 

benefits that were not included in the calculations were stressed in the investment 

proposals as comments, for instance, benefits related to the work environment. This is in 

line with the findings of Hall and Roth (2003) who reported that work environment, 

including health, was among the benefits considered as most important in the study. The 

authors further stressed that all additional effects should be described, even if not 

translated into monetary values. This underlines that work environment should be 

stressed in the investment proposal. This indicates that even if non-energy benefits are 

not quantified and monetised, the benefits seem to have an important role to play in the 

investment decision, i.e., non-energy benefits appear to be important factors in the 

investment process, but in different ways. Safety in the work environment (e.g., fewer 

accidents due to improvements in the work environment) was, however, given priority; 

several firms stated that safety conditions should always be met. 

5.2.4 Barriers to including non-energy benefits into investment decisions 

and calculations 

Papers I and II studied if, and how (either in the calculation or stressed as an extra 

argument in the investment proposal), non-energy benefits were included in the studied 

firms’ investment decisions. The representatives of the interviewed firms claimed that 

few non-energy benefits were included in the calculations on investments in energy 

efficiency. Even if they were not monetised and included in the calculation, non-energy 

benefits were sometimes included as extra arguments in the investment proposal.  

Paper I studied the factors that hindered the inclusion of non-energy benefits in 

investment calculations for energy efficiency investments. The overall view of the 

respondents of the interviewed firms was that non-energy benefits were perceived in 

relation to the implementation of various energy efficiency improvements; however, for 

various reasons, the inclusion of many of the benefits in the investment calculations was 

hindered. In the analysis of the interview answers regarding non-inclusion, the following 

six barriers (outlined by Sorrell et al., 2004) were applied: risk; split incentives; access to 

capital; imperfect information; hidden costs and bounded rationality. 

The overall view of the representatives of the interviewed firms was that non-energy 

benefits were perceived, but an evaluation of the magnitude of the benefits and hence the 

translation of the benefits into monetary values was not performed due to a lack of 

metering. The firms stated that this was due to the fact that information on how to 

measure these benefits was missing and even if the identified improvements were 

measured in some way, the information on how to translate these improvements into 

monetary values was lacking. This is in line with Lung et al. (1999), which addressed the 
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importance of metering to make the evaluation of non-energy benefits a part of the 

planning and implementation of an energy efficiency project. Soft and intangible benefits, 

such as improvements in the work environment, were mentioned as particularly difficult 

to measure and monetise. Hence, the view of the respondents indicated that lack of 

information on how to measure benefits, and lack of information on how to translate 

benefits into monetary values were the main obstacles to the non-inclusion of non-energy 

benefits into investment calculations; i.e., imperfect information was stated to be a main 

barrier by the respondents. Worrell et al. (2003) illustrate this by stressing that 

information on for instance energy use of specific equipment is typically easier to retrieve 

or measure than possible benefits of it since these might appear more dispersed in a firm. 

The inclusion of non-energy benefits into investment calculations could be enabled by 

retrieving information on how to measure, quantify and monetise the benefits, followed 

by measuring the benefits themselves, because this would correct the problem of a lack 

of data on the magnitude of non-energy benefits. However, the results from the interviews 

revealed that collecting and analysing information could be costly, meaning that the time 

spent searching for information on how to measure and monetise non-energy benefits 

was considered to be too long. This implied that the barrier of hidden costs could also 

account for the non-inclusion of non-energy benefits in investment calculations. 

As presented above, lack of information and costs associated with searching for 

information were stated to be major obstacles to the inclusion of non-energy benefits in 

firms’ investment calculations. Decisions on these energy efficiency improvements are 

hence not based on complete information, nor are new ways of collecting and analysing 

information considered due to possible associated hidden costs. Thus, this implies that 

barrier bounded rationality also contributes to the non-inclusion of non-energy benefits 

in investment calculations.  

The answers given by the respondents further indicated that risk and split incentives 

were not perceived as the main barriers to the inclusion of non-energy benefits. However, 

the possibility that difficulties in the evaluation of non-energy benefits could lead to 

overestimations of investments’ cost-effectiveness, or that calculations might be seen as 

not credible if based on assumptions, were mentioned as potential risks. Nonetheless, 

Worrell et al. (2003) stress the importance of making assumptions in order to translate 

the benefits into cost savings. Thus, assumptions should be well founded in order to avoid 

the risk of assessments being viewed as not credible. Access to capital was not found to 

be a barrier for the inclusion of non-energy benefits. 

In summary, the results indicated that the main barriers for not including non-energy 

benefits were related to imperfect information, hidden costs and bounded rationality.  
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5.2.5 Measuring non-energy benefits 

The studied firms had observed several non-energy benefits in relation to their energy 

efficiency investments, but most benefits are not included in their investments proposals 

due to a lack of information on how to measure, quantify and monetise them. However, 

even if most non-energy benefits were not measured or monetised, the firms gave several 

suggestions for how the benefits could be measured or monetised. A few of these 

suggestions are presented below: 

o Increased production and productivity – measured through produced output or 

energy per output produced 

o Fewer production disruptions – the cost of disrupting or stopping the production 

o Improved product quality – reduced material costs due to reduced scrap, fewer 

complaints and returns 

o Reduced waste – cost of disposal 

o Increased safety – less sick leave, reduced costs for rehabilitation 

o Reduced noise – reduced costs for silencers and noise enclosures 

Hence, to express non-energy benefits as costs and revenue would be a way to facilitate 

their inclusion in investment calculations and investment decisions.  

Improved air quality and improved temperature control was for instance suggested to be 

measured due to its possible impact on productivity. Hence, these suggestions propose 

that if non-energy benefits cannot be measured directly, their magnitude might be 

measured through their impact on other benefits or parameters. In such cases, non-

energy benefits might be observed shortly after the implementation of the investment, 

but measuring them would not be possible until later. This relates to the framework 

suggested by Rasmussen (2014), in which non-energy benefits are categorised according 

to their level of quantifiability and their time frame (i.e., when in time the effect of an 

observed benefit is expected to be measured). The time required to detect benefits that 

are measured via other benefits will probably be longer than for benefits that are 

observed and measured shortly after implementation, meaning that it will take longer for 

indirect benefits to appear than direct benefits. 

5.3 Compressed air systems – energy efficiency measures and 
non-energy benefits 

5.3.1 Energy efficiency measures in compressed air systems – review results 

Paper III studied energy efficiency measures and non-energy benefits in compressed air 

systems based on a systematic literature review on energy efficiency measures in 

compressed air systems combined with a review on previous literature on non-energy 

benefits. 24 articles (15 journal articles and nine conference articles) were considered 
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relevant for inclusion in the systematic literature review. The articles were mainly based 
on case studies, studies with engineering scope or a combination of these two. 

The review of energy efficiency measures for compressed air systems revealed various 
measures that could be undertaken to improve energy efficiency. In Figure 5 and 6 the 
measures have been categorised as supply-side measures and demand-side measures. 
The categorisation also displays in which part of the compressed air system the measures 
aimed at, i.e. the part in which the measure has its primary impact.  

 

Figure 5. Energy efficiency measures on the supply-side in relation to in which sub-part of the 
compressed air system the measures are undertaken.  

As can be seen in Figure 5, approximately half of the number of measures on the supply-
side aimed at the compressor and Figure 6 shows that most demand-side measures were 
related to the end-use equipment.  
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Figure 6. Energy efficiency measures on the demand-side in relation to in which sub-part of the 
compressed air system the measures are undertaken.  

Measures undertaken on the demand-side aims at lowering the demand of compressed 
air. Since the supply-side and the demand-side as well as all sub-part of the system are 
interrelated; the measures undertaken on the demand-side will also affect the supply-side 
and its sub-parts. Lowering the demand of compressed air will thereby decrease the work 
of the compressor. The same applies for energy efficiency measures undertaken in air 
inlet and ancillary equipment. And this will further affect the amount of heat that can be 
recovered; a lower working pressure obtained by the compressor lowers the amount of 
excess heat. Hence, measures that can be undertaken in a compressed air system are more 
or less interrelated. The results of the review showed a variety of measures that can be 
undertaken to improve energy efficiency in compressed air systems, but few of the studies 
applied a comprehensive view including the entire compressed air system. Furthermore, 
the publications included in the review did not address in which order energy efficiency 
measures in compressed air systems could or should be undertaken (cf., Björk et al., 
2003). However, this could be explained of the type of study conducted. For instance, case 
studies may focus mainly on case-specific conditions and measures that could be 
undertaken in the particular compressed air system studied. Another explanation could 
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be that comprehensive views on compressed air systems and energy efficiency in 

compressed air systems further exists in handbooks and guidelines. 

5.3.2 Non-energy benefits of energy efficiency measures for compressed air 

systems 

Two publications, Gordon et al. (1999) and Anderson et al. (2001), addressed the concept 

of non-energy benefits directly, i.e. the term non-energy benefits was mentioned in the 

publications. One publication, Gordić et al., 2009, addressed additional effects from 

energy efficiency measures in compressed air system, however, the term non-energy 

benefits were not mentioned. 

Gordon et al. (1999) reported several non-energy benefits as an outcome of energy 

efficiency improvements in compressed air systems in general. However, the benefits 

were not linked to specific measures. The following non-energy benefits were stated by 

Gordon et al. (1999): reduced capital; reduced interest cost on capital investments; 

reduced floor-space requirements from fewer compressors and better system operation; 

reduced maintenance costs from fewer compressors; reduced back-up requirements due 

to lower CFM3 requirements; reduced labour costs for equipment attendance; increased 

reliability of compressed air service (fewer consequent production disruptions); 

improved system performance (pressure levels, consistency of pressure, ability to 

address spikes in usage); reduced worker safety issues (where appropriate uses of 

compressed air are eliminated); and improved ease of system operation. The authors also 

stressed that non-energy benefits often contributed to making positive decisions on 

energy efficiency improvements in compressed air systems.  

Anderson et al. (2001) addressed non-energy benefits4 of two energy efficiency 

improvement projects. In the first project, the size of piping was increased and dryers 

were replaced. Because of these measures, two compressors could thereby be taken off-

line, and Anderson et al. (2001) further explained that these measures also provided in-

line air storage capacity and that earlier moisture problems were avoided. In the second 

project, optimisation of a multiple compressor system by installing a system for 

monitoring and controlling, gave additional effects such as stabilised air pressure and a 

more reliable air quality. These benefits were estimated to also reduce down-time and 

increase productivity. 

Gordić et al. (2009) reported additional effects such as increased quality in the air 

production, consistent air supply without disruptions or terminations, and a functioning 

compressor without unexpected costs, a result of installing new compressors with 

variable speed drives. 

                                                        
3 The volume of compressed air at atmospheric pressure. 
4 Anderson et al. (2001) also denote the additional benefits described in their article as non-electricity 
benefits. 
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To summarise, publications on reported non-energy benefits of energy efficiency 

measures for compressed air systems were few, but the results indicated a diversity 

among the benefits observed. The non-energy benefits were reported either as the 

benefits from energy efficiency improvements in compressed air system in general, or as 

the benefits of specific measures made in the compressed air system. Further, some of the 

benefits were observed in the same part of the system as where the measure was 

undertaken, others measures gave effects that impacted the whole compressed air 

system. Hence, the results indicated a diversity among the benefits and how the benefits 

of energy efficiency measures were reported. Furthermore, effects were observed both in 

the system sub-part where the measures were undertaken, but also in other parts of the 

compressed air system or outside the compressed air system. In addition to that, 

compressed air system energy efficiency measures also yielded non-energy benefits 

outside the compressed air systems such as increased productivity, reduced issues on 

worker safety and improved financial aspects.  

5.3.3 Review of the literature on non-energy benefits in relation to 

compressed air system measures 

The relevant articles included comprised three journal articles and six conference articles. 

Most of the studies in the articles were characterised of having a case study approach 

based on evaluations of energy efficiency projects. Energy efficiency projects were 

evaluated based on collected data documented in the projects together with information 

on observed non-energy benefits retrieved through for instance interviews.  

Studies of Lilly and Pearson (1999) and Trianni et al., (2014) addressed non-energy 

benefits in relation to specific energy efficiency measures in compressed air systems.  The 

article of Lilly and Pearson (1999) reported observed non-energy benefits from 

implementation of two new high-efficiency compressors. The authors reported the 

following non-energy benefits from the measure: reduced frequency and cost of 

overhauling; reduced cost of lubrication oil; and reduced load on cooling system used to 

cool the replaced compressors. Trianni et al. (2014) reports observed non-energy benefits 

of five energy efficiency measures undertaken in compressed air systems: upgraded 

control on compressors resulted in increased productivity; use of compressor air filters 

resulted in decreased operation and maintenance; reduction of pressure to minimum 

required resulted in reduced operation and maintenance; reduce leaks resulted in 

increased production, decreased operation and maintenance, and improved work 

environment; and substitution of compressed air with cooling with water or air cooling 

resulted in decreased waste. 

Parra et al., (2016) reported observed non-energy benefits for energy efficiency measures 

in compressed air systems in general. The study was based on a questionnaire to five 

independent energy audit experts for compressed air systems. Their experiences, after 

having conducted up to 300 audits, showed that the main perceived non-energy benefits 
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were: more reliable production; capital avoidance; improved air quality; reduced labour 

requirements; reduced maintenance; and increased life-time of equipment. 

The remainder of the studies presented in the reviewed articles have focused on non-

energy benefits of energy efficiency measures in general or had not specified the observed 

non-energy benefits of a specific energy efficiency measure or non-energy benefits of 

related to measures of specific energy-using process (for instance compressed air 

systems).  

The results from reviewing the body of literature on non-energy benefits indicated that 

the studies on observed non-energy benefits of energy efficiency measures in various 

technologies, such as compressed air systems, and in particular of specific energy 

efficiency measures, are few. Results, however, indicated that non-energy benefits of 

energy efficiency measures of which compressed air constitutes one were reported on 

various levels: non-energy benefits of energy efficiency in general; non-energy benefits of 

a particular energy-using process; or non-energy benefits of specific measures within an 

energy-using process. However, it should be noted that the total number of published 

articles on non-energy benefits are limited and in particular articles on non-energy 

benefits of compressed air system measures.   
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6. Concluding remarks 

In this chapter, the main findings presented in Chapter 5 are discussed and final conclusions 

are drawn; issues that may be addressed in future studies are also proposed.  

6.1 Discussion 

In this thesis, the role of non-energy benefits has been studied in relation to industrial 

energy efficiency measures and investments. Previous literature has reported on the 

existence of industrial non-energy benefits (e.g. IEA, 2012a; Worrell et al., 2003), but the 

literature has not regarded the Swedish context. The firms studied in this thesis have 

observed non-energy benefits, which indicates their existence among Swedish industrial 

firms. Even if the studies (Paper I and II) did not aim at comparing observed non-energy 

benefits between the firms, the results of the interviews and the questionnaire indicated 

that there was variation between the firms when it came to which non-energy benefits 

that were observed. 

Few of the observed non-energy benefits were translated into monetary values and 

included in the firms’ investment calculations of energy efficiency investments. This non-

inclusion seemed to depend on the type of benefit and the level of quantifiability among 

the perceived benefits. Results indicated that the reason for this non-inclusion mainly 

could be explained by lack of information on how to quantify and monetise the non-

energy benefits. Hence, improved knowledge on such measurements could provide a 

starting point for gauging the benefits, for instance, as suggested in Paper II, by expressing 

non-energy benefits in terms of how the benefits affect the firm’s cash flow in the form of 

costs or revenues. Furthermore, less quantifiable benefits could be measured through 

other benefits that are easier to measure, for example, indirect benefits could be 

measured through direct benefits. However, since indirect benefits most often occurs over 

a longer time frame, the effect of these benefits will not be immediately observable. Hence, 

the time aspect seems to be a critical aspect to consider in investment evaluations and 

calculations; therefore, the PB method, even if commonly applied and easy to use, may not 

be the best tool for financial evaluations, since it does not consider possible future values. 

To acknowledge and incorporate the full value of the non-energy benefits of various types 

into investment calculations, an evaluation tool that considers the time perspective would 

be more suitable. This might enable increased inclusion of non-energy benefits into 

investment calculations and thereby enhance the financial aspects of the investment. 
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Since profitability, along with short PB periods, appeared to be critical for the studied 

firms’ adoption of energy efficiency investments, and that some of the firms also stressed 

that energy savings often were not enough to fulfil the investment criterion, increased 

financial aspects might increase the probability for positive decisions to be made on 

energy efficiency investments. Qiu et al. (2015) have addressed that firms often are short-

sighted when they evaluate energy efficiency projects due to a perceived high risk on 

energy efficiency investments. Acknowledging that it takes longer for possible future non-

energy benefits to appear could therefore contribute to lowering the perceived risk of 

energy efficiency investments. 

As discussed above, unquantifiable or less quantifiable non-energy benefits were not 

utilised in the investment calculation on energy efficiency investments. However, results 

indicated that these types of benefits were nonetheless sometimes stressed in the total 

assessment of the investment as an extra argument. Hence, these intangible benefits seem 

to be utilised in a qualitative way having a qualitative value. This underscores findings 

from Cooremans (2011); non-energy benefits might contribute to the three dimensions 

of competitive advantage, of which value is one dimension, and thereby increase the 

strategic character of the investment.  

The results also acknowledged what previously has been stressed by for instance, 

Sandberg and Söderström (2003); energy efficiency investments are not always pure 

energy efficiency investments, i.e. these investments could be undertaken for several 

reasons of which improved energy efficiency is one motive. Improved productivity and 

improved work environment were commonly observed non-energy benefits. These 

benefits were also stated as common investment motives by the firms, which might 

indicate another role of the non-energy benefits; as a motivation to make the investment. 

In this sense, non-energy benefits might also be acting as possible drivers to energy 

efficiency.  

 

This raises the issue on how non-energy benefits should be defined. The interview results 

revealed for instance that safety requirements in the work environment should always be 

fulfilled. In such a case, improved safety could maybe not be regarded as an additional 

effect. However, if the safety conditions turned out to be improved (after the 

implementation of an energy efficiency investment) compared to what was required, this 

could be considered as an additional effect. Hence, if an effect should be regarded as a 

benefit or not seems to depend on the conditions applied at the start of the investment. 

 

Energy cost savings has been stressed as an important driving force behind positive 

decisions on energy efficiency measures (e.g., Thollander and Ottosson, 2008). As 

monetised non-energy benefits could contribute to increasing cost savings (or revenue), 

non-energy benefits might serve as a driving force, thereby overcoming barriers, such as 

the low rates of return and long PB periods previously stressed by Harris et al. (2000). 

This also relates to findings of Fleiter et al. (2012) and Trianni et al. (2014); 
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characteristics, such as short PB periods and large non-energy benefits, are associated 

with increased adoption rates of energy efficiency measures and could hence act as 

drivers for implementation of energy efficiency measures. 

 

The literature review results of Paper III showed a diversity in energy efficiency measures 

that could be undertaken to improve energy efficiency in compressed air systems. 

However, few of the studies applied a comprehensive view including the entire 

compressed air system. For instance, the publications included in the review did not 

address in which order energy efficiency measures in compressed air systems could or 

should be undertaken. According to Björk et al. (2003) the first step to improve energy 

efficiency in compressed air systems in industrial companies should involve a change 

from compressed air-driven equipment to electric-driven equipment followed by seeking 

and sealing leakages of compressed air. Paper III categorised the measures identified as 

supply-side measures and demand-side measures and according to which sub-part of the 

compressed air system the measures aimed at. Since all sub-parts of a compressed air 

system are more or less interrelated, some measures will affect also other parts of the 

system. The categorisation of the energy efficiency measures combined with how sub-

parts and measures are interrelated, provides a system perspective which enables an 

understanding of where in the system effects of the measures will appear. It might also 

contribute to avoid risks of only focusing on certain parts of the system in energy 

efficiency considerations. 

Results of Paper III also revealed that publications on perceived non-energy benefits for 

compressed air energy efficiency measures were few. However, the results indicated 

diversity among them. Some of the benefits were observed in the same part of the system 

as where the measure was implemented, while others gave effects that influenced other 

parts of the system or even gave additional effects outside the compressed air system (e.g., 

increased productivity, increased worker safety and improved financial aspects). Hence, 

by categorising the energy efficiency measures in compressed air systems according to 

the parts of the system in which measures are undertaken and to consider how the 

measures are interrelated, could be a way to observe the non-energy benefits and the 

effects of them.  

From the studies of Paper III and from reviewing the literature on non-energy benefits, it 

also emerged that perceived non-energy benefits were reported on three different levels: 

as an outcome of energy efficiency in general; as the additional effects of energy efficiency 

measures for an energy-using process or technology; or as the particular non-energy 

benefits of specific energy efficiency measures. The levels are displayed in Figure 7 below. 
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Figure 7. Non-energy benefits divided by level of energy efficiency measures. 

Previous studies have mainly addressed non-energy benefits on an aggregated level, i.e. 
additional effects of energy efficiency improvements in general or additional effects of 
energy efficiency improvements for a certain energy-using process (e.g. ventilation, 
lighting etc.). The results of this study has shown that to fully understand the effects of 
energy efficiency in compressed air systems, the specific measures and the relations 
between these measures must be considered. This also applies to the observation of 
additional effects beyond energy savings. Therefore, it is suggested that non-energy 
benefits should be reported and studied on the level of specific energy efficiency measures 
(e.g. sealing of leaks) for compressed air to enable the observation of the benefits and to 
understand the effects of them. Findings of Cagno and Trianni (2014) have addressed that 
barriers seems to differ between various energy-using processes and even between 
specific measures for individual energy-using processes. Information on the non-energy 
benefits of specific measures might therefore also be a means to overcome the specific 
barriers. 

The results of this thesis have shown that non-energy benefits impact on factors guiding 
the decisions behind energy efficiency improvements in various ways. Short et al. (1995) 
have stressed that in order to make an investment analysis as sound as possible, it is 
necessary to extend a system’s boundary. Hence, by acknowledging non-energy benefits 
in the investment process, the view on energy efficiency investment decisions can be 
extended, along with the view on energy efficiency and energy efficiency measures. 
Through the acknowledgement of non-energy benefits in energy efficiency measures, the 
improvement measures’ impact on the surrounding system, for instance, external 
environment, work environment, production, processes, equipment and personnel within 
the firm, will be included. Therefore, acknowledging non-energy benefits enables a 
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comprehensive view on decisions regarding energy efficiency improvements, which is 
visualised in Figure 8 below. 

 
Figure 8. Factors guiding the decision on energy efficiency improvement measures including non-
energy benefits. 

As can be concluded from the discussion above, non-energy benefits seem to affect the 
factors in various ways. However, the first step would be to recognise the benefits and as 
suggested above, linking the non-energy benefits to the specific energy efficiency measure 
undertaken could help in understanding the effects of them. To conclude, the magnitude 
of the effect that non-energy benefits might have on the factors in Figure 8 depend on the 
observation of benefits, type of the benefits, the context in which the benefits are observed 
and how the benefits are valued and utilised in industrial firms. 

6.2 Conclusions 

What are the perceived existence of non-energy benefits of implemented energy efficiency 
measures and investments in industrial firms? 
 
In this thesis, the role of non-energy benefits was studied in relation to energy efficiency 
measures and investments. The results of the studies indicated that various non-energy 
benefits were observed by the Swedish industrial firms studied as a consequence of their 
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implemented energy efficiency measures. Non-energy benefits related to operation and 

maintenance, work environment, and production were commonly observed by the firms. 

 

The studies in this thesis also aimed at studying non-energy benefits of energy efficiency 

measures for a specific energy-using process; the case of compressed air systems. In 

reviewing the literature on energy efficiency in relation to compressed air systems 

various energy efficiency measures were identified. Even if few publications addressed 

non-energy benefits in relation of these measures, the search for non-energy benefits in 

literature on specific measures in compressed air systems revealed insights into how non-

energy benefits should be studied. 

 

How are non-energy benefits, and how could these, be utilised in the decision-making 

procedures of energy efficiency measures and investments in industrial firms? 

 

The results of the studies indicated that several non-energy benefits have been observed 

by the industrial firms studied, but the type and level of quantifiability varied among the 

perceived benefits. As a consequence, the utilisation of the perceived non-energy benefits 

varied.  

 

Even if results indicated that various non-energy benefits were observed by the studied 

firms, few were currently monetised and included in investment calculations even if the 

firms stressed that it was possible to quantify and monetise many of the benefits. The non-

inclusion of non-energy benefits into investment calculations was explained by the lack 

of information on how to measure and quantify them. However, the studies presented in 

this thesis also indicated that non-monetised and intangible benefits were sometimes 

addressed in investment evaluations as an extra argument or motive for the investment. 

Hence, if and how non-energy benefits were utilised in investment decisions, and where 

in the investment process non-energy benefits were included, seemed to depend on their 

quantifiability. 

 

Several factors were involved and affected the decisions made on energy efficiency 

measures and investments. Acknowledging non-energy benefits in decision-making 

procedures, both financially and qualitatively, in industrial firms might increase the 

potential for improved energy efficiency compared with to only considering energy costs. 

Improved measurement and quantification of non-energy benefits could be a way to meet 

the profitability requirements for energy efficiency investments which might increase the 

adoption of energy efficiency improvement measures in industry. 

 

What are the implications of studying energy efficiency measures and non-energy benefits 

for an industrial energy-using process, such as systems for compressed air? 

 

The studies in this thesis revealed that non-energy benefits could be investigated on three 

different levels: as an outcome of energy efficiency in general; as the additional effects of 
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energy efficiency measures for an energy-using process or technology; or as the particular 

non-energy benefits of specific energy efficiency measures. This thesis suggests that non-

energy benefits should be studied on specific measure level to enable the observation and 

the effects of the benefits. However, the studies also addressed the importance of having 

a systems perspective. To fully understand effects of energy efficiency measures in 

compressed air systems and the non-energy benefits of the measures, the whole system 

should be regarded. 

Studying a specific energy-using process, such as compressed air, on a detailed level, have 

not only deepened the knowledge about specific energy efficiency measures for 

compressed air systems. By reviewing literature on energy efficiency measures for a 

specific energy-using process, it also revealed a new way to explore the particular non-

energy benefits of specific energy efficiency measures. 

6.3 Future work 

Since profitability and short PB periods appeared to be critical to the adoption of energy 

efficiency improvement measures, further studies are needed on how to measure, 

quantify and monetise non-energy benefits, for instance, by incorporating the time 

perspective and by categorising benefits as direct and indirect. At the same time, since 

obstacles to measuring, quantifying and monetising non-energy benefits were found to be 

caused by a lack of information, a further step in future studies should be to improve the 

availability of information on measuring and monetising non-energy benefits. This also 

stresses the need for a model or standard to be developed which incorporates the benefits 

into investment calculations in a structured manner.  

To overcome specific barriers, and to identify specific drivers, future studies should 

investigate the non-energy benefits related to energy efficiency measures for specific 

energy-using processes, and in particular the non-energy benefits of specific energy 

efficiency measures. However, future studies on the topic require further investigation of 

the barriers to and drivers for specific energy efficiency measures.  
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