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Abstract 
This thesis investigates whether the adoption of energy- and resource-saving technologies by 

manufacturing firms can be explained by strategic, structural and/or environmental factors. In other 

words: do firms adopt green technologies because they are willing to (strategy), able to (structure) or 

forced to (environment) do it? A mixed method is used, combining the quantitative analysis of data 

from a survey of 177 Dutch manufacturing firms with in-depth interviews with five Dutch 

manufacturing firms. The results show that strategic, structural and environmental factors all have an 

impact on the adoption of energy- and resource-saving technologies, but that the importance of the 

different factors differ between companies. The results are discussed and limitations and directions 

for future research are given. This research contributes to the broader research on the question why 

companies invest in a CSR by applying the strategy-structure-environment framework. The research 

contributes also to a better understanding of the green behavior of manufacturing firms, which can 

help companies and (governmental) policy makers. 
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1. Introduction 

Renewable energy and energy efficiency have become hot topics in recent years, resulting in the Paris 

agreement and a lot of policy measures by local, national and international governments. The 

Organization for Economic Collaboration and Development (OECD) concludes that an increase in the 

scale and pace of climate change mitigation efforts, including mobilizing investment and financing for 

renewable electricity generation, is necessary to successfully implement the 2015 Paris Agreement 

(OECD, 2016). The European Commission has set a binding renewable energy target for the EU for 2030 

of at least 32% of final energy consumption and a target of 32.5% increase in energy efficiency (EC, 

2018). National governments introduce energy efficiency standards as well. The Netherlands, for 

example, has introduced a renewable energy target in the ‘Klimaatakkoord’ of 27% of total energy 

consumption (and 70% of electricity consumption) in 2030, and many measures to increase energy 

efficiency (Nijpels, 2018). The importance of renewable energy and energy efficiency can be partly 

explained by the increased attention of society and governments like the EU towards Corporate Social 

Responsibility (CSR) in general and, more specifically, climate change caused by fossil fuel 

consumption.  

1.1 Determining factors 

Manufacturing firms have a large environmental footprint via the use of fossil fuels and other 

materials. This footprint can be reduced by the adoption of energy- and resource-saving technologies. 

However, not all firms adopt these technologies (in the same amount) (Porter & Vanderlinde, 1995). 

Actually research shows that, although investments in energy- and resource-efficiency have a high 

return, many companies don’t adopt these technologies (Kounetas & Tsekouras, 2008). Whether or 

not companies invest in certain energy- and resource-saving technologies can be explained by a wide 

variety of factors (Fu, Kok, Dankbaar, Ligthart, & van Riel, 2018).  In general, the behavior of firms can 

be explained by three factors: strategy, structure and environment (Chandler, 1962; Lawrence & 

Lorsch, 1967; Lenz, 1980). These three factors can be applied to the investments of firms in energy- 

and resource-saving technologies. 

1.11 Organizational strategy 

Firstly, firms may have strategic reasons to invest in such techniques. A strategy is defined as a plan 

for interacting with the competitive environments to achieve organizational goals (Daft, Murphy, & 

Willmott, 2010). So investing in these techniques due to strategic reasons means that the firm makes 

a conscious choice in order to reach certain goals; in other words, a firm invests because it is willing to 

adopt green technologies. An example of such a goal is lowering production costs due to the reduced 

need for energy or resource (Porter & Vanderlinde, 1995). A lot of research indeed shows that many 
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firms adopt energy efficiency techniques in order to reduce costs (Hart & Dowell, 2010; Johansson, 

2015; Luken & Van Rompaey, 2008) although other researchers found the opposite  (Pons, Bikfalvi, 

Llach, & Palcic, 2013). Another strategic reason might be to improve the reputation of the firm and 

become more attractive to customers (Lee, 2020; Mulki & Jaramillo, 2011; Weng & Lin, 2011). 

1.12 Corporate structure 

The adoption of resource- and energy-saving technologies can be seen as a conscious, strategic choice, 

but it is also influenced by the structure of a firm. Structure is defined as an enduring configuration of 

tasks and activities (Daft et al., 2010). This configuration of tasks and activities can be beneficial for the 

adoption of these technologies, but it can also hinder it. In other words, when a firm adopt green 

technologies because of structural reasons, a firm does so because it is able to do it. Examples of such 

structural factors are firm size (Arvanitis & Ley, 2013), openness (Wu, 2013) and centralization (Zheng, 

Yang, & McLean, 2010).  

1.13 Environment 

The adoption of resource- and energy-saving technologies can be a conscious, strategic choice, but 

firms can also be forced by their environment to invest in these techniques. The environment is defined 

as all elements that exist outside the boundary of the organization and have the potential to affect all 

or part of the organization (Daft et al., 2010). In these cases, the adoption of these technologies is 

(only) because of these pressures; in other words, the company is forced to do so. Examples of such 

environmental pressures are pressures arising from the position in the supply chain (Lo, 2014; Schmidt, 

Foerstl, & Schaltenbrand, 2017) and governmental pressure (Brunnermeier & Cohen, 2003; Horbach, 

Rammer, & Rennings, 2012). 

So there are many factors that possibly determine whether and how much a company will invest in 

green technologies, varying from strategic factors (adoption as conscious, strategic choice), structural 

factors (as either enabling or hindering the adoption) and environment (adoption as force choice). 

However, there is still relative little empirical evidence on which of these factors is most important in 

the adoption of resource- and energy-saving technologies. Salzmann, Ionescu-somers, and Steger 

(2005), for example performed an enormous literature review to systemize and assess existing 

research and tools related to CSR. Their most important finding was that currently, research fails to 

identify managers’ key economic arguments used to drive corporate sustainability management 

internally.  

1.2 Research question 

The aim of this thesis is to contribute to the existing research on CSR by investigating which factors in 

the business administration (strategic, structural or environmental) influence managerial and 
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entrepreneurial behavior in the field of sustainable management. The corresponding research 

question is:  

Which factors influence the adoption of energy- and resource-saving techniques by manufacturing 

companies? 

This results in three sub questions:  

1. To what extent do strategic factors influence the adoption of energy- and resource saving 

techniques by manufacturing companies?  

2. To what extent do structural factors influence the adoption of energy- and resource saving 

techniques by manufacturing companies?  

3. To what extent do environmental factors influence the adoption of energy- and resource 

saving techniques by manufacturing companies? 

1.3 Scientific and societal relevance 
Applying this strategy-structure-environment division to explain differences in the adoption rate of 

green technologies by firms is new to the literature. It can be very helpful in the debate about 

sustainability, because it answers the questions whether companies adopt green technologies because 

they are willing to (strategy), able to (structure) or forced to (environment) do it. This knowledge can 

help governmental actors to make the right policies that will lead to larger investments in green 

technologies. If, for example small firms are willing to adopt these technologies (e.g. they have a 

strategy to improve energy efficiency), but not able because of their small size, the government can 

design policies to overcome the disadvantages of being small (e.g. free use of an energy analyst). It 

provides also a framework for companies to analyze their own behavior: why do we adopt green 

technologies or what is holding us back? In this way, this research can help to reduce the energy 

efficiency gap. It also provides researchers with a frame to analyze the green behavior of firms and in 

this way, it contributes to the management literature. Although the strategy-structure-environment 

framework has been adopted to all kinds of decision making (Grinyer, Yasai-Ardekani, & Al-Bazzaz, 

1980; Wasilewski, 1992), it has been barely applied to CSR decision making. This research fills that gap. 

1.4 Structure of the thesis 
This thesis is structured in the following way: section 2 investigates the available literature on this topic 

and builds the theory to formulate hypothesis. Section 3 explains the method of this research; section 

4 shows the results of the quantitative analysis, while section 5 discusses the results of the qualitative 

analysis (interviews). Section 6 combines and discusses these results and section 7 finally gives the 

main conclusions and recommendations. 
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2. Literature review 

In this chapter, the existing literature is analyzed in order to answer the research questions. First, the 

concepts ‘resource- and energy-saving technologies’ (par. 2.1) and ‘firm behavior’ (par 2.2) are 

discussed, using the literature. The second part of this chapter consists of three parts: strategy (par. 

2.3), structure (par. 2.4) and environment (par. 2.5). Each concept is introduced and discussed and 

several characteristics or measures of these concepts are given and discussed, after which certain 

hypotheses are formulated which will be used later in this research to answer the research questions. 

2.1 Resource- and energy-saving techniques 

Over the last decades, the attention of firms and its stakeholders for CSR has increased (Buckley, Doh, 

& Benischke, 2017; Salzmann et al., 2005). Scholars do not agree on a single definition of CSR, which 

means that there are several definitions used in the literature. An often used definition is the one of 

the European Commission, who sees CSR as a concept whereby companies integrate social and 

environmental concerns in their business operations and in their interaction with their stakeholders 

on a voluntary basis (EC, 2001). If one analyzes this definition, it becomes clear that the triple bottom 

line is used in this definition. The triple bottom line states that companies should do good for people, 

profit and planet or on the social, economic and environmental aspects (Elkington, 1998; Norman & 

MacDonald, 2004).  

Manufacturing firms need lots of resources and energy to produce their products. They account for 

75% of the worldwide coal consumption, 44% of the natural gas consumption and 20% of the global 

oil consumption. Furthermore, this manufacturing industry accounts for the usage of 42% off all 

electricity worldwide (Palcic, Pons, Bikfalvi, Llach, & Buchmeister, 2013). The supply, use and disposal 

of these resources and energy causes environmental impact, and in order to reduce their 

environmental impact, firms can try to reduce their need for energy and resources. This means that 

investing in resource- and energy-saving techniques to reduce environmental impact is an important 

part of the CSR-policy of manufacturing firms. In the literature, Corporate Environmental Responsibility 

(CER) is defined as the environmental aspect of CSR (Dahlsrud, 2008), and this definition is also used 

in this thesis. This means that adopting resource- and energy-saving technologies is seen as a CSR-

practice. Examples of these techniques are: more efficient technologies, recovery of energy in the 

same process, use of energy waste in different processes, or by increased energy conversion efficiency 

(Palcic et al., 2013). It is also possible to develop and introduce products that cause lower 

environmental impact (product innovation), but that’s outside the scope of this thesis; this research is 

about reducing environmental impact via process innovation. A process innovation is defined by the 
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OECD (2005) as the implementation of a new or significantly improved production or delivery method. 

This includes significant changes in techniques, equipment and/or software. 

2.21 Energy efficiency paradox 
Research shows that investments in resource- and energy-saving technologies are not very risky, 

because the cost reductions associated with the investment are fairly well foreseeable, and have a 

relative high return on investments (Stephen J. DeCanio, 1993; Jaffe & Stavins, 1994; Lovins & Lovins, 

1991). This means that from the economic rationale, these projects are very attractive. In spite of this 

evidence, however, research has empirically recorded the fact that firms do not make these 

investments. These conflicting findings are named ‘energy efficiency cap’ (Jaffe & Stavins, 1994) or 

energy efficiency paradox (Kounetas & Tsekouras, 2008) in the literature This paradox is a widely 

studied phenomena, probably because it’s so counterintuitive. Different authors describe the paradox 

in a different way. One way to describe it is that financial benefits of investing in energy efficiency are 

not automatically observed and realized by the firms because of organizational, control, and 

coordination problems (Porter & Vanderlinde, 1995). Others describe the energy efficiency paradox as 

the case in which firms, presumed to behave rationally and to be economically efficient, do not 

undertake capital investment projects on energy efficiency technologies, although they are preferable 

in terms of profitability and risk to other non-related to energy efficiency technology projects 

(Kounetas & Tsekouras, 2008).  

Different authors introduce different factors that explain the energy efficiency paradox, varying from 

market failures such as market structure of information problems (H. L. de Groot, Mulder, & van Soest, 

2003; Hannan & McDowell, 1984), wider economic arguments, such as demand uncertainty and taxes 

(Faria, Fenn, & Bruce, 2002; Jung, Krutilla, & Boyd, 1996), firms-specific variables such as firm size or 

the scarcity of managerial time (Antonelli & Tahar, 1990; De Almeida, 1998) or technology-specific 

factors, such as relative advantage or comparability (Van Soest & Bulte, 2001). This research studies 

the investment behavior of firms in a systematic way from the point of view of an investing company. 

2.2 Firm behavior 

In general, the behavior of firms can be explained by three factors: strategy, structure and environment 

(Chandler, 1962; Lawrence & Lorsch, 1967; Lenz, 1980). According to Daft et al. (2010), these three 

factors are defined as follows: 

- Strategy: a plan for interacting with the competitive environments to achieve organizational 

goals. 

- Structure: an enduring configuration of tasks and activities. 
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- Environment: all elements that exist outside the boundary of the organization and have the 

potential to affect all or part of the organization. 

To formulate it differently: firms have certain behavior because they are willing to (strategy), able to 

(structure) or forced to (environment). This thesis investigates which of these factors in the business 

administration influence managerial and entrepreneurial behavior in the field of sustainable 

management. In the following part, each of these three factors is introduced, the literature is discussed 

and several hypotheses are formulated. 

2.3 Organizational strategy 

There are large differences between firms in terms of strategy. In his famous paper on strategy and 

structure, Chandler defines strategy as “the planning and carrying out of organizational growth” 

(Chandler, 1962). Somewhat more recently, Daft et al. (2010) defined strategy as ‘a plan for interacting 

with the competitive environments to achieve organizational goals’. So clearly, a strategy should have 

at least two fundamental parts: a plan and a goal or objective. The ultimate objective for firms is to 

perform better than their competitors in order to gain competitive advantage. According to Porter, 

competitive advantage grows fundamentally out of the value a firm is able to create for its buyers that 

exceeds the firm’s cost of creating it (Porter, 1985). According to Porter, competitive advantage can 

come from product price (costs) or differentiation. Other attributes that are mentioned in the 

literature are product quality, service quality, innovativeness, closeness to the customer and delivery 

time (H. Ma, 2000), but it can be argued that these attributes are all examples of a ‘differentiation’-

strategy. 

Since CSR is increasingly gaining attention and importance, an increasing number of companies 

developed a CSR-strategy (Buckley et al., 2017). However, firms can have varying objectives with such 

a CSR-strategy. Although some scholars argue that companies have the moral duty to develop a CSR-

policy (Handy, 2002), in practice the main objective for companies to develop a CSR-strategy is 

economic (Lougee & Wallace, 2008). This means that a CSR-strategy is developed in order to gain 

competitive advantage by scoring better than competitors on one of the above mentioned attributes. 

Porter (1985) uses two main sources of competitive advantage: low costs and differentiation; these 

two sources will also be used in this thesis. The main way to differentiate via investment in resource- 

and energy-saving technologies is by improving corporate reputation and thereby becoming a more 

attractive partner for supplier/ customers/ employees. So the two strategic factors which are used are: 

differentiation through improving reputation and reducing costs. 
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2.31 Differentiation through improving reputation 

A prominent objective for firms to invest in CSR is that CSR might increase corporate reputation, which 

might make the company more attractive to employees, customers and other supply chain partners. 

These strategic objectives, in the end, might increase the profitability of the firm. Empirical evidence 

has indeed shown that customers increasingly pay attention to CSR and that CSR increases customer 

satisfaction and firm reputation (Mulki & Jaramillo, 2011; Saeidi, Sofian, Saeidi, Saeidi, & Saaeidi, 2015; 

Walsh & Beatty, 2007). An online survey under 507 current full-time employees working in large-sized 

companies in the United States even found that CSR-practices were positively related to employee 

satisfaction and the attractiveness of the firm for employees (Lee, 2020). So clearly, companies can 

invest in CSR in order to become a more attractive partner. It can be expected that companies who 

invest in CSR to enhance their reputation, will be very proactive in investing in resource- and energy-

saving techniques. Although some researchers didn’t found a significant effect of customer demand 

on the adoption of energy-saving techniques (Arvanitis & Ley, 2013), most of the research (Weng & 

Lin, 2011) found that companies indeed adopt green technologies to better serve customer wishes. 

H1: Firms that adopt CSR-policies to improve reputation, will comparatively invest more in 

resource- and energy-saving technologies than other companies. 

2.32 Reducing costs 

Another objective for firms to invest in CSR and more specifically in resource- and energy-saving 

technologies is reducing costs. The logic here is quite simple: a company should invest to adopt these 

techniques, but after the adoption, less energy and resources are needed, which means that costs are 

saved and the investment pays off (Porter & Vanderlinde, 1995). Although one article, drawing upon a 

database of 27 European countries, Triguero, Moreno-Mondejar, and Davia (2013) found not a 

significant correlation between resource costs and investments in efficiency, most of the articles do 

find a (strong) correlation. Evaluating research from the past 15 years, Hart and Dowell (2010) conclude 

that there is strong empirical evidence for the fact that ‘pollution prevention, which seeks to prevent 

waste and emissions (…) is associated with lower costs’. They also mention several ways in which 

pollution prevention can reduce costs, for example, removing pollutants from the production process 

can increase efficiency by (a) reducing the inputs required, (b) simplifying the process, and (c) reducing 

compliance and liability costs. 

(Johansson, 2015) found that reducing costs was the main objective for Swedish steel companies to 

invest in energy efficiency and Pons et al. (2013) found the same for Spanish and Slovenian 

manufacturing companies. Based on a survey of 105 plants in nine developing countries Luken and Van 

Rompaey (2008) conclude that the price of the resource is an important factor for the investment 
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decision of the companies. Therefore, it can be expected that reducing costs is a very strong incentive 

for companies to invest in resource- and energy-saving techniques. 

H2: Firms that adopt CSR-policies to reduce costs, will comparatively invest more in resource-

and energy-saving technologies than other companies. 

2.33 Other reasons 

Firms might have ideological reasons to invest in a CSR policy. For example: reducing greenhouse 

gasses. But although the fact that this reason is often mentioned, research shows that the main 

objective for companies to develop a CSR-strategy is economic (Demirel & Kesidou, 2011; Lougee & 

Wallace, 2008). Another reason might be reduce the dependence on fossil fuels and other resources. 

This is especially true for investments in renewable energy, by which a company creates its own energy 

supply. However, the Dutch energy system is and will be highly reliable, with close to zero malfunctions 

(NetbeheerNederland, 2020). Therefore, it can be expected that these strategic objectives don’t play 

an important role in determining how much companies invest in resource- and energy-saving 

techniques. 

2.4 Organizational structure 

Firms differ in terms of structure. According to Daft et al. (2010) organizational structure indicates an 

enduring configuration of tasks and activities. It has two main dimensions. Firstly the framework or the 

formal configuration of roles and procedures. Secondly, the pattern of interaction processes among 

members which is the informal structure of the organization. The second dimension is more difficult 

to study; however it is likely that the two dimensions are highly correlated. After all, the roles and 

procedures shape the way members interact with each other (Skivington & Daft, 1991). The formal 

configuration of tasks can be described in several ways, using aspects like structure, coordination and 

power (Gebauer, Fischer, & Fleisch, 2010). Organizational structure can thus enhance or hinder the 

adoption of resource- and energy-saving technologies (Tan, 2009; Zhang et al., 2018). In this thesis, 

three aspects of the formal configuration of the roles and procedures of the firm are used: firm size, 

openness and centralization. 

2.41 Firm size  

Empirical evidence shows that large firms are better able to recognize and realize the potential benefits 

of increased efficiency (Eckard, 1990). Partly, this is due to the fact that in large firms, there’s often an 

employee responsible for identifying potential efficiency gains. Another part can be explained by the 

fact that large firms have better access to investors. Therefore, it can be expected that small firms 

suffer more from the energy efficiency paradox and will invest less in energy- and resource-saving 

technologies. Maynard and Shortle (2001) proposed another reason for the hypothesis that large firms 
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invest more in CSR: they are more visible and so the pressure to invest in CSR of the public on large 

firms is larger. Surprisingly however, they found a negative result between firm size and adoption of 

energy-saving techniques, which was mainly due to one outlier. However, the study done by Arvanitis 

and Ley (2013), showed with data from 2324 Swiss companies that the adoption of energy efficiency 

technologies was positively related to firm size. Therefore, it can be expected that large firms will invest 

more in resource- and energy-saving. In other words: they will not only invest more in absolute terms 

(which is logical and doesn’t imply an energy efficiency gap), but they will also adopt a wider range of 

technologies. 

Hypothesis 3: Large firms will invest comparatively more in resource- and energy-saving 

technologies than small firms. 

2.42 Openness  

Openness is defined as ‘firms' use of external sources by, for instance, collaborating with other 

companies, institutions or persons’ (Drechsler & Natter, 2012). Open firms therefore invest more 

(time, effort and money) in collaboration with other companies. Supply-chain collaboration exists 

when firms jointly plan and perform actions (Simatupang Togar & Sridharan, 2002; Stank, Keller, & 

Daugherty, 2001) and can improve the performance of firms in different ways. Firms in the supply 

chain collaborate by sharing information and resources and making collaborative efforts to reduce 

risks (S. Min et al., 2005). Furthermore, various problems such as new-product development, logistics, 

and marketing can be more easily solved by making cooperative decisions (Simatupang Togar & 

Sridharan, 2002).  

All these collaboration activities may enhance the ability of firms and supply chains to identify and 

realize energy efficiency gains. This hypothesis is confirmed by a study under more than 200 

pharmaceutical companies, which shows that supply chain collaboration increased the sustainable 

performance of the companies (Changjoon & Byoung-Chun, 2020). The study of Wu (2013) with 

questionnaire data from 211 Taiwanese, information technology (IT) manufacturers also confirms the 

hypothesis. Wu found that supplier, customer and internal integration enhance both green product 

and process innovations. A study of Wagner (2007) on German manufacturers however found that 

cooperation with other actors doesn’t increase the adoption of green technologies by definition. 

Cooperating with predominantly environmentally concerned stakeholders increased the likelihood of 

investing in green technologies, while collaboration with other ‘neutral’ stakeholders decreased this 

likelihood. But overall, collaborating firms are better at observing energy efficiency gains because of 

increased access to knowledge and information and better at finding and implementing the right 
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technologies. So it is expected that a positive relationship exists between openness and the adoption 

of sustainable technologies. 

Hypothesis 4: Open firms will invest comparatively more in resource- and energy -saving 

technologies than closed firms. 

2.43 Centralization 

Centralization is one of the most studied dimensions of firm structure (Rapert & Wren, 1998). It refers 

to the extent to which decision-making power is concentrated at the top levels of the organization 

(Caruana, Morris, & Vella, 1998). Centralization is negative for organizational effectiveness (Zheng et 

al., 2010). A decentralized structure encourages communication and common employees can share 

and implement their ideas. These ideas are based on the work experiences of the employees and will 

therefore be of practical use for the company (Burns, 1961). Employees are an effective resources in 

the innovation process, because they have the skills, experience based-knowledge, up-date 

information and are in close contact with materials, customers and the market (Høyrup, 2010).   

Ordinary employees such as shop-floor workers, professionals and middle-managers have the 

creativity, networks and knowledge while management decisions on innovation are often highly 

bounded (Kesting & Ulhøi, 2010). It is likely that this will also hold for the adoption of energy- and 

resource-saving techniques. If employees get more freedom in their work and are more involved in 

the decision making process of the company, they will more proactively think about ideas to use less 

energy and resources. And they will also have the chance to put these ideas forward and implement 

them. So, in firms with a decentralized structure, employees have the chance to invent ideas of 

reducing the need for energy or resources, which will enhance the adoption of these techniques. 

Although there is strong evidence for the effect of decentralization on innovation in general, there is 

still relative little evidence of it on CSR-practices. 

Hypothesis 5: Firms with a decentralized structure will invest comparatively more in resource- 

and energy-saving technologies than firms with a centralized structure. 

2.5 Environmental factors 

In the literature, a debate is going on about how to define the environment. Baron (2006) defines it as 

the social, political and legal arrangements that structure interactions outside of, but in conjunction 

with, markets and contracts. According to him, the nonmarket environment encompasses those 

interactions between the firm and individuals, interest groups, government entities and the public that 

are intermediated not by markets but by public and private institutions. So, in this definition, 

environment is about the nonmarket part of the environment.  
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However, also other definitions exist. Daft et al. (2010) defines the environment as ‘all elements that 

exist outside the boundary of the organization and have the potential to affect all or part of the 

organization’. This definition is more useful within the strategy-structure-environment framework that 

is used in this thesis. In this definition, everything outside the company is considered to be 

environment, including customers, supply chain partners, government, the media and the public. The 

influence of the environment on organizational behavior is well established in literature (Greenwood, 

Suddaby, & Hinings, 2002; Scott, 2001). When a company invests in resource- and energy-saving 

technologies because of environmental factors, the company is more or less forced to do so. This 

contradicts with a strategic reason, because in that case the company voluntarily invests in these 

technologies. This thesis researches the impact of two main environmental factors: the impact of the 

position of the firm towards its end-consumer and the impact of the government. 

2.51 Supply chain position 

An important reason for firms to invest in a good CSR-policy is the idea that consumers punish 

companies that behave bad, and reward companies that behave well. However, it is likely that this 

effect will be larger for firms at the end of the supply chain who are directly selling to the customers 

than for firms at the beginning of the supply chain that are less visible and sell to other businesses. All 

kind of societal actors, like NGOs can also play an important role in this effect. Scandals, for example, 

mainly punish the more visible brand companies in the downstream end, of the supply chain (H. Min 

& Galle, 2001). So this means that firms at the end of the supply chain will have a larger incentive to 

invest in CSR. This idea is supported by evidence from a case study under 12 Taiwanese high-tech 

companies (Lo, 2014) and a survey under 284 European firms (Schmidt et al., 2017) who both found a 

positive relationship between a position down the supply chain and investments in green technologies. 

Hypothesis 6: Firms at the end of the supply chain will invest comparatively more in resource - 

and energy-saving technologies than firms more upstream the supply chain. 

2.52 Governmental policies 

Government policies can have an influence on the decision of companies to invest in CSR. In the 

Netherlands, for example, it is commanded by law to take energy efficiency measures that have a pay-

back period of less than five years (RVO, 2020). With such measures, companies have no choice than 

to invest in these techniques. An increasing number of studies shows that command-and-control 

measures of the government are a driving force of reducing environmental impact (Brunnermeier & 

Cohen, 2003; Horbach et al., 2012; Weng & Lin, 2011). Based on a survey of 105 plants in nine 

developing countries, (Luken & Van Rompaey, 2008) found this effect also to be significant. 
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However, it is questionable how large the investments of these companies are. Companies that invest 

only because of governmental policies, will adopt only the techniques that are required by law. So 

although governmental policies may have a positive effect on the adoption of green technologies, it 

may not provide such a strong initiative as more intrinsic motivations. There is some research on this 

topic that indeed found this effect. Mukherjee, Bird, and Duppati (2018) researched the effect of a law 

which made CSR mandatory for large Indian firms. They found that ‘the impact of the legislation has 

fallen short of expectations both in terms of the volume of CSR expenditure generated and the 

activities to which it has been directed’. A comparison between the United States, Sweden, India, and 

China of Batchenko and Dielini (2017) makes also clear that stringent, constraining CSR-policy from the 

government doesn’t necessary lead to more investments in these policies, because companies that 

invested little in these policies in the past, will try to evade these rules or meet it with minimum effort. 

So although governmental policy may increase the investments in resource- and energy-saving 

technologies, it is likely that firms that are hit by this legislation will still do as little as possible. This 

means that if companies report the ‘government policies’ to be the reason of their investments in CSR, 

it is likely that they invested less in resource- and energy-saving technologies than companies that 

reported other reasons. 

Hypothesis 7: Firms that adopt CSR-policies because of governmental policies, will 

comparatively invest less in resource-and energy-saving technologies than other firms. 

2.6 Conceptualization 

The model presented aside, is a 

graphical representation of the 

hypotheses. The dependent 

variable is ‘investments in 

resource- and energy-saving 

technologies’. The independent 

variables are grouped under the 

main categories ‘strategy’ 

(corporate reputation and 

reducing costs), ‘structure’ (firm 

size, openness and hierarchy) 

and ‘environment’ (supply chain 

position and government). This 

subdivision corresponds to the 

division which is presented in the literature description above.

Figure 1 Conceptual model 
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3. Methodology 

This chapter consists of several parts; first the mixed method for the analysis will be explained, 

secondly, the dependent and independent variables will be operationalized. Than the measures to 

enhance validity and reliability are explained and finally the ethical side of this research is explained. 

3.1 Research method 
The research question will be answered with a mixed method, which means that both qualitative and 

quantitative analyses are done. It is widely accepted that using a combination of research methods 

improves the quality of the research. Social phenomena are very complex and qualitative and 

quantitative methods can supplement each other when answering the research questions (Hair, Babin, 

& Anderson, 2014). 

First, a quantitative analysis is done, using SPSS. For this, Dutch data from the European Manufacturing 

Survey is used. The EMS is a survey that aims to map the innovativeness in the manufacturing industry 

(RadboudUniversity, 2020). For this research the survey of 2015 is used, which has been sent to all 

branches of manufacturing companies with more than 10 wzp. It is asked to be filled in by the branch 

manager, R&D-manager of production manager, but it is not controlled who actually filled it in. The 

EMS-survey dataset contains data from 177 Dutch manufacturing companies. The data will be analyzed 

with SPSS. First, a univariate analysis is done; for each variable the frequencies or the average, standard 

deviation, minimum score, maximum score, skewness and kurtosis is given. Secondly a bivariate 

analysis is done to check for any correlations between the independent variables. After these 

preparations, the actual multivariate analysis is done: a linear regression between the independent 

and dependent variables. The aim of this analysis is to test which effects are significant and how large 

these effects are. 

The second part of the research is a qualitative analysis, which aims to explain the findings of the 

quantitative analysis. This means that the questions that will be asked in the qualitative analysis, 

depend on the outcomes of the quantitative analysis. To give this insight, 5 interviews will be held with 

production- or R&D-managers of manufacturing companies. The companies should be different in 

terms of sector, size and position in the supply chain to get valuable results. The managers will be 

reached via my own network. In the interview, the different factors that are used in the quantitative 

analysis (how does this company score on this factor) and the CER-practices (which technologies are 

adopted will be discussed. After that, the dependent and independent variable will be connected. If, 

for example, the quantitative analysis shows that small companies adopt less technologies, these 

interviews can serve to clarify why this is the case: is it mainly the lack of resources or does the manager 

have no time to implement these technologies? 
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3.11 Operationalizing 
The operationalization of the several dependent and independent variables is presented in the table 

below. 

Table 1: Operationalization of the variables 

 Name Question* Min_score Max_score Measure 
level 

Question 
EMS 

Dependent Investments in 
E&RST 

Seven 
questions, 

different rates 

0 25 Ratio 8.1&8.2 

Independent Differentiation 
via reputation 

Inv. due to str. 
Reasons 

Adopt product 
to cust. wishes 

0 
 

1 

1 
 

6 

Nominal 
 

Ratio 

8.3 
 

2 

 Ideological Inv. due to 
reducing 

greenhouse 
gas 

0 1 Nominal 8.3 

 Cost reduction Inv. due to 
costs 

Product price 

0 
 

1 

1 
 

6 

Nominal 
 

Ratio 

8.3 
 

2 

 Own energy 
sources 

Inv. to 
increase own 

supply 

0 1 Nominal 8.3 

 Firm size # employees 0 ∞ Ratio 21 

 Openness Collaborations 0 6 Ratio 6.1 

 Hierarchy Organization 
of work 

0 9 Ratio 3 

 Supply chain 
position 

Delivering to 
whom? 

0 1 Nominal 1.3 

 Government Inv. due to 
gov. reasons 

0 1 Nominal 8.3 

Control Sector In which 
sector is 

company 

1 7 Nominal 1.2 

* The whole question is available in appendix 1. 

The table shows first the dependent variable which measures how many different kind of energy- and 

resource-saving technologies are adopted by the firm and how many upgrades are done on these 

technologies in recent years. The following rows are concerned with the four strategic reasons, which 

are measured by the reasons that companies gave to invest in resource- and energy-saving 

technologies. The reasons differentiation and costs are supplemented with a question about the 

strategic orientation of the firm. The firm size is measured by the number of employees, while the 

openness is operationalized with the number of functional areas on which a company collaborates 

with other firms. The hierarchy of the firm is operationalized by how the work in the firm is organized; 
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it is assumed that the more the work of employees is written down and prescribed by the 

management, the less freedom the employees have. So companies with more prescriptions written 

down are more hierarchical. The position in the supply chain is measured by the main customer of the 

firm and the IV government is operationalized by the question whether companies invest because of 

governmental policies. Finally, the control variable ‘sector’ is measured by the sector in which the 

company is active.  

3.12 Control variable 
One control variable is used in this research, namely the sector in which the company is active. Sector 

cannot clearly be classified in either strategy, structure of environment. Therefore it is not included in 

a certain hypothesis. However, sectoral differences can have a significant impact on the green behavior 

of firms (H. J. Ma, Sun, Gao, & Gao, 2019). One of the main determinants is the energy-intensity of the 

industry (Bonilla, Coria, Mohlin, & Sterner, 2015; Löfgren, Wråke, Hagberg, & Roth, 2014). Therefore, 

this research distinguishes between the more energy-intensive metal, construction, chemical, 

machinery and electronic industries on the one hand, and less energy-intensive food and textile 

industries on the other hand (Mulder & Groot, 2011). 

3.2 Validity and reliability 

Several measures are undertaken in order to increase the reliability and validity. Validity is defined as 

the extent to which a measure or set of measures correctly represents the concept of study— the 

degree to which it is free from any systematic or nonrandom error. In other words: validity is concerned 

with how well the concept is defined by the measure(s) (Hair et al., 2014). For the quantitative part, 

several measures have been 

taken to enhance the validity. 

The asked questions are very 

detailed to increase the 

internal validity; trial surveys 

have been sent and 

international meetings are 

held with representatives of 

15 countries to discuss the 

formulation of the questions. 

These measures are taken to 

ensure that the survey really measures what is supposed to measure. To increase the external validity, 

certain measures are taken to increase the sample size (and therefore the generalizability): a free 

benchmark report is offered to participating companies and two reminders have been sent. These 

Table 2: Summary of measures to enhance validity and reliability 

 Quantitative Qualitative 

Internal validity Detailed questions 

Trial surveys 

Discussion meeting 

Questions based on 

quantitative research 

Follow-up questions 

External validity Free benchmark 

Two reminders 

Share conclusions 

Different firms 

Reliability Specified questions 

Objective data 

Use more 

indicators 

Transcribing interview 

Verification 

Specified questions 
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measures aim to make the dataset as representative as possible for the whole population of 

manufacturing firms.  

Reliability refers to the ‘extent to which a variable or set of variables is consistent in what it is intended 

to measure. If multiple measurements are taken, the reliable measures will all be consistent in their 

values’ (Hair et al., 2014). To strengthen the reliability, very specified and detailed questions are asked. 

The questions are not about opinions, but about objective data, like practices, facts, investments or 

performance indicators. This makes it likely that the outcomes are close to reality. In the 

operationalization, also measures are taken to improve the reliability: each construct consists of more 

indicators, which makes the constructs more reliable. 

For the qualitative part of the research, reliability and validity are also taken into account. The internal 

validity is ensured by developing the questions before the interviews are held. The questions are based 

on the literature study and the data analysis, which increases the validity. Follow-up questions will be 

asked to ensure that the question is really answered. External validity is ensured by offering the 

interviewees access to the main conclusions of this thesis (which will increase the willingness to 

participate) and interviewing firms with different characteristics. The interviews will be transcribed 

literally and sent back to the interviewee for verification in order to foster the reliability. Another way 

to ensure the reliability is by developing specified questions beforehand. 

3.3 Research ethics 
This final paragraph is associated with research ethics. Several measures are taken to ensure an ethical 

research: 

- Participants of the EMS-survey are informed about the research goal and the applications of 

the findings, which is explicitly stated at the beginning of the survey. The results of the survey 

are communicated to the participants in the form of a benchmark. 

- The outcomes of the survey are treated confidential. This means that companies get 100% 

anonymity. The same holds for the outcomes of the interviews. 

- The interviewees will be informed about the research goal and the possible applications before 

the interview. They have the right to withdraw from the research at any moment. The main 

findings of the research will be shared with the participating managers. 

- The interviewees and their companies will get anonymity if they want (this will be asked 

explicitly during the interview) and the data from the interviews will be treated confidential. 
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4. Results quantitative research 
The results chapter of this thesis consists of two sections. This first section (4.1) is concerned with the 

development of the several constructs based on the different indicators. The second section (4.2) 

includes the univariate and bivariate analysis in which the descriptive statistics, frequency tables, tests 

for outliers, tests for normality, and means, standard deviations and correlations are described. In the 

third section (4.3) the hypotheses of this research are tested through multiple regression analysis. This 

chapter finishes with some concluding remarks (4.4) 

4.1 Developing the dependent and independent constructs 
The first step is to develop the constructs or variables. The dependent variable and most independent 

variables are composed of more than one indicators. This means that for these variables, a formula 

must be developed to calculate the construct that represents those indicators.  

This has been done in Appendix 2. The table in this appendix shows which indicators are used to 

develop the dependent and independent variables. Both the dependent variable and the independent 

variables are constructed in such a way that they range from 0 to 1. The meaning of these values 0 and 

1 for are given for each variable. The table also gives the values of Cronbach’s alpha which are 

calculated to assess the reliability of the constructs. When evaluating these numbers, it becomes clear 

that the reliability of some constructs is really bad. This holds especially for the strategic reasons to 

invest: price (0,395), reputation (0,316) and source diversity (0,184). One of the explanations for this 

might be that more companies have invested in energy than in heat, probably because less companies 

use heat than energy. This effect seems to be especially true for source diversity. A solution might be 

to use only energy as a measure.  

Another effect is that there is only a low correlation 

between the competitive factors (price and 

customization) and the respective reasons to invest 

(price and reputation). In other words: it is not the case 

that price is the main reason to invest if price is an 

important factor for the competitive position of a firm 

and vice versa. The same holds for customization and 

reputation. So it is questionable whether the competitive 

factors and the reasons to invest can be merged into one 

variable. This weakens these two constructs. A solution is to remove the competitive factor from both 

constructs and use only the reasons to invest. This improves the Cronbach’s alpha of these constructs 

to 0,555 (price) and 0,500 (reputation). These three new constructs are also added to the table in 

Appendix 2; the indicators that are not used anymore and the old calculations are crossed out. After 

Table 3: Cronbach’s alpha 

Investments 0,557 

Reputation 0,500 

Price 0,555 

Ideology 0,519 

Openness 0,620 

Hierarch 0,516 

Governmental legislation 0,677 
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these adaptations, the Cronbach’s alpha for each construct is above 0, 5 and thereby acceptable. 

Therefore, no more adjustments are made. Table 3 shows Cronbach’s alpha for the final variables that 

are composed out of more than 1 indicator. 

4.2 Univariate and bivariate analysis 

4.21 Descriptive statistics  
In this paragraph, the descriptive statistics of each variable are given. Firstly, this is done for all the 

variables (or indicators) apart. In the second step, the descriptive statistics of the constructs are given. 

Most of the variables (indicators) used in this research are nominal variables. This means that it doesn’t 

make sense to calculate averages, standard deviations or skewness. These nominal variables are 

described with the absolute and relative frequencies in Appendix 3 and figure 2 below.  The only two 

metric variables are competitive factors ‘customization’ and ‘product price’. For these variables, the 

average, standard deviation, minimum score, maximum score and skewness are calculated. This can 

also be seen in Appendix 3.  

The univariate analysis of the nominal variables makes clear that companies invested a lot in energy- 

and resource-saving technologies, especially in upgrading and switching off machines. A wide range of 

strategic reasons is mentioned, but reputation and costs are mentioned the most. The database 

contains mainly small- and medium-sized firms; only 4 (2%) of the firms has more than 250 employees. 

A lot of collaboration takes place, and the organizational concepts measuring hierarchy are widely 

adopted. A large portion of the companies deliver to industrial businesses, the other positions are 

underrepresented. Governmental legislation is an important reason to invest. 40 firms are active in 

the less energy-intensive sectors textile and food.  

The next step is to calculate the descriptive statistics for the dependent and independent variables 

(the constructs). For all these variables, the descriptive statistics are given in Appendix 4. For most 

variables, skewness and kurtosis are too high. This means that the variables are non-symmetric and 

have very large tails. In other words; the data is not normally distributed. However, this is an expected 

result since the indicators that are included in the constructs are mainly dichotomous variables.  

This descriptive statistics already give some information about the data. The analysis of these 

descriptive statistics shows that none of the companies adopted all the technologies and upgrades; 

the highest scoring company adopted only 80% of the technologies. On average, the companies 

adopted only 20% of the possible technologies. As in the previous univariate analysis, reputation and 

costs are mentioned the most as strategic reasons, but the other reasons are also mentioned relatively 

oft. Firm size is skewed to the left, which means that there are more small than large firms. Openness 

has an average of 0,4, which means that the average company collaborates on less than half of the 
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functional areas. The average value of hierarchy is way above .5, which shows that these measures are 

taken relatively often by the companies. Only 15% of the companies deliver to end-consumers, and 

about 50% of the companies invest because of governmental legislation. Finally, 20% of the companies 

is active in a relatively low energy intensive industry. 

Appendix 4 also contains the correlation matrix, which shows the correlations between the different 

variables. Some correlations between independent variables are significant, which might be 

problematic. Especially the different strategic reasons to invest have a high correlation with each 

other, an issue that will be discussed in chapter 6 to explain certain results. Also the structural factors 

(firm size, openness and hierarchy) are correlated with each other, although these correlations are not 

as high and significant as those of the strategic factors. However, as we will discuss later, the 

collinearity statistics are quite good for all variables, which means that no further adjustments are 

made to reduce the correlation between certain IV’s. 

 

Figure 2 Descriptive statistics 

Freq Rel. freq Openness (co-operation) Freq Rel. freq

Investement in R- &EST Puchasing 66 37%

Control system 11 6% Production 78 44%

Upgrade since 2012 7 4% Sales 68 38%

Control automation 16 9% Service 54 31%

Upgrade since 2012 4 2% R&D (customer/ suppliers) 66 37%

Recuperation of kin 41 23% R&D (researchers) 95 54%

Upgrade since 2012 23 13% R&D (others) 2 1%

Renewable energy 15 8%

Upgrade since 2012 7 4% Hierarchy (centralization)

Switching off machines 92 52% Method of 5S 76 43%

Upgrading existing machines 65 37% Standardize working inst 141 80%

Substitution of machines 46 26% Integration of tasks 133 75%

Position in supply chain (producing products for:)

Reasons to implement Freq Rel. freq End-consumer 28 16%

Reputation_energy 103 58% Industrial businesses 84 47%

Reputation_heat 51 29% Systems 9 5%

Prices_energy 105 59% Components 43 24%

Prices_heat 69 39% Contract 13 7%

CO2_energy 62 35% 177 100%

CO2_heat 41 23% Governmental pressure

Source div_energy 52 29% Legal reg_energy 100 56%

Source div_heat 21 12% Legal reg_heat 69 39%

Firm size (# employees)

<20 37 21% Sector Freq Rel. freq

20-49 74 42% Textile/ food 40 23%

50-99 43 24% Other sector 135 76%

100-249 19 11%

>250 4 2%

177 100%

Independent variables

Dependent variable Independent variables (continued)

Control variable
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4.22 Multivariate analysis 
Before conducting the multiple regression analysis, the dependent and independent variables have to 

be checked on the basis of four statistical assumptions that have to be met in order to ensure valid 

results. These assumptions are: linearity, normal distribution, homoscedasticity and independence of 

the error terms (Field, 2017). Additionally, multicollinearity is checked. The SPSS-outputs that are used 

when testing the assumptions, can be found in Appendix 5. 

The first assumption is that the residuals in the analysis are normally distributed. To check this 

assumption, a Kolmogorov-Smirnow test and a Shaprio-Wilk test are performed in order test this the 

hypothesis that the sampling distribution is normally distributed. A non-significant value (p>0,05) 

means that this assumption is met (Field, 2017). This test, which is included in Appendix 5, shows that 

the data is highly non-normally distributed. The P-P plot also shows that the standardized residuals 

don’t deviate from the diagonal. The absence of clear pattern in the distribution of residuals in 

appendix 4 indicates no heteroscedasticity (cf Field, 2017).  

The second assumption concerns homoscedasticity, which means that the residuals of the 

independent variables (IV’s) must be spread constant. To check this assumption, a scatter plot between 

residuals and the IV’s is used (Field, 2017). The scatterplot is shown in Appendix 5 and shows no large 

pattern in the dots, which means that there is no homoscedasticity. 

The third assumption is about the linearity of the relationship between the IV’s and the DV. This is 

checked with a residual versus predicted plot, in which the data points must be symmetrically 

distributed around the line (Field, 2017).  The picture in the Appendix shows this plot. The dots are 

good grouped along the line, which means that the assumption of linearity is fulfilled. The scatterplot 

also shows no deviation from linearity. 

The final assumption, is about the independence of error terms of the IV’s. For this, the table of 

‘residuals statistics’ from the regression analysis is used, which must show a mean of 0 and a standard 

deviation of 1 for the row ‘standardized predicted value’ (Field, 2017). This assumption is perfectly 

met, as shown in the Appendix: the standardized predicted value has a mean of 0 and a standard 

deviation of 1. The Durbin-Watson test is also close to 2, which means that this assumption is fulfilled. 

Not only these four assumptions, but also the multicollinearity is checked. Multicollinearity means that 

two or more constructs are very close related to each other (Field, 2017). We expect low correlations 

between the IV’s; high correlations will harm the multiple regression analysis. This is checked with the 

Variance Inflation Factor (VIF), which must be as low as possible, but at least below 4. We can check 

this in the ‘Coefficients’-matrix which is shown below. Since the VIF’s are all between 1 and 2, 

multicollinearity is clearly not a problem. 
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4.3 Testing hypotheses 

4.31 Overall model 
Since all assumptions are met, the hypotheses of this research can be tested with a regression model. 

The output of this multiple regression model is shown in the appendix and summarized in table 4.  

Table 4: Results regression analysis 

DV: Total investments b (SE) b (SE) 

Control variable Model A Model B 

1. Sector 0,068 (0,035)* 0,054 (0,032)* 

Independent variables   

Strategic factors   

2. Reputation  0,070 (0,037)* 

3. Price  0,135 (0,032)*** 

4. Ideology  -0,016 (0,041) 

5. Source diversity  -0,014 (0,031) 

Structural factors   

6. Firm size  0,332 (0,072)*** 

7. Openness  0,013 (0,049) 

8. Hierarchy  0,101 (0,044)** 

Environmental factors   

9. Supply chain position  -0,001 (0,037) 

10. Governmental legislation  -0,055 (0,030)* 

Model information   

F-value 3,672* 7,735*** 

F change 3,672* 8,036*** 

Adjusted R2  0,015 0,281 

R2 change 0,021 0,302 

N 172 172 

Explanation: * p < ,1; ** p < ,05; *** p < ,01 

 

The explanatory power of the overall model, measured by the adjusted R Square, is 0,281. This means 

that 28% of the variance in the data is explained with the model; a moderately good result and a large 

improvement compared to the model with only the control variable sector. The ANOVA-table shows 

that the model is a highly significant improvement compared the model with only the control variable 
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‘sector’, with a p-value of 0.000. Therefore, we can conclude that the overall model does add value 

and explains some variance. In other words: the strategic, structural and environmental factors explain 

to a certain extend why some firms invest more in resource- and energy-saving technologies and other 

firms less. Therefore, we can investigate and analyze the individual effects in the model. 

The first model only contains the control variable ‘sector’; based on the literature, it was expected that 

firms in the food and textile industry invest more than firms in other sectors. This is indeed the case; 

sector has a positively and significant impact on investments, although the p-value is only <0,10. The 

effect size is not that high in both the first (0,068) and the second (0,054) model, but it’s positive and 

that means that firms in the food or textile industry invest more than companies in other sectors. 

4.32 Hypotheses about strategy 
According to the literature, differentiation from competitors by improving the reputation of the firm 

is a prominent objective for firms to invest in sustainability. Therefore, the first hypothesis stated that 

firms that adopt CSR-policies to improve reputation, will comparatively invest more in resource- and 

energy-saving technologies than companies that have other reasons.  

The model (model B) found an effect of reputation as reason to invest on investments, although this 

effect is only significant with a p-value <0,10. The effect size is also relatively small: 0,07. This number 

should be interpreted in the following way: a firm that does invest because of reputation scores 0,07 

higher on the investments-scale than a firm who doesn’t (when other IV’s are kept constant). This way 

of thinking holds for all the effect sizes that are presented below: the effect size represents the effect 

on investments when the DV in case moves from the minimum score (0) to the maximum score (1), 

when all other DV’s are kept the same. Since the DV contains 14 techniques and upgrades, an effect 

size of 0,0714 means that firms adopt 1 technique or upgrade more if they move from the minimum 

score to the maximum score on one IV, while other IV’s are kept the same. 

Investing in resource- and energy-saving technologies means that the use of resources and energy and 

the associated costs are reduced. Therefore, reducing the cost price is often seen as a strong incentive 

to invest in green technologies. This is reflected in the second hypothesis that says that firms that 

adopt CSR-policies to reduce costs, will comparatively invest more in resource-and energy-saving 

technologies than other companies. This hypothesis is also confirmed in the model, because the effect 

of the IV ‘price as reason to invest’ is highly significant (p-value <0,01). The effect size is also quit high: 

0,135. After ‘firm size’, this is the largest effect. This strategic reason is also reported the most, 174 

times in total. In other words: companies report price often as a reason to invest, and this reason 

moves them indeed very strong to invest more. 
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The first two hypotheses both predict an effect of a strategic reason compared to other reasons. In 

other words: it is expected that other strategic reasons have a small or no effect on investments. These 

two other strategic reasons (ideology and source diversity as reason to invest) are both tested in the 

model. As expected, they turn out very insignificant and have a very small effect size. So although 

companies give these reasons quite oft in the survey, they do not increase the investments in resource- 

and energy-saving technologies.  

It becomes clear that the strategy of a firm has a significant impact on investments in resource- and 

energy-saving technologies. The strategic focus of a firm and the strategic reasons to invest in 

resource- and energy-saving technologies impact the amount of investments by a firm. Firms with the 

strategic reason to improve reputation and/ or decrease costs invest comparatively more than firms 

that don’t have these reasons or have other reasons. 

4.33 Hypotheses about structure 
Many literature states that large firms are better able to observe the potential of energy efficiency 

within their firm and realize this potential. Therefore, large firms suffer less of the energy efficiency 

paradox than their smaller counter parts. This observation resulted in the third hypothesis, which says 

that large firms will invest comparatively more in resource- and energy-saving technologies than small 

firms. This hypothesis is confirmed very strong by the multiple regression model. Firm size is both 

highly significant (p-value <0,01) and has a very large effect size (0,332). This means that large firms 

invest indeed more in resource- and energy-saving technologies than small firms.  

According to the literature, more open firms are better in innovation in general, and in observing and 

realizing energy efficiency gains more specifically. Therefore, it is expected that open firms suffer less 

from the energy efficiency paradox. This expectation is reflected in the fourth hypothesis that stated 

that open firms will invest comparatively more in resource- and energy -saving technologies than 

closed firms. However, this model doesn’t confirm this expectation: the degree of co-operation has a 

highly insignificant effect which is also very small. This means that it is not proven that firms that co-

operate on more levels (and are therefore more open), invest more in resource- and energy-saving 

technologies.  

Employees have often good ideas about how to improve efficiency and how to reduce energy and 

resource need. Therefore, less hierarchical firms might be better at identifying and realizing energy 

efficiency gains. The fifth hypothesis is about this degree of hierarchy: firms with a decentralized 

structure will invest comparatively more in resource- and energy-saving technologies than firms with 

a centralized structure. This degree of hierarchy is significant (p-value <0,05) and has also a quit high 

effect size: 0,101. The effect however, is opposite to the expected effect. Degree of hierarchy doesn’t 
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decrease, but increase the investments in resource- and energy saving technologies. The discussion 

elaborates more on this unexpected result and proposes some explanations.  

After this analysis, it becomes clear that certain characteristics of the structure of a firm have a 

significant effect on investments in resource- and energy-saving technologies. Especially firm size, but 

also the ‘hierarchy’ impacts investments positively. This implies that certain firms are better at 

observing and realizing energy efficiency gains than other firms because they are able to (and not only 

because they are willing to). 

4.34 Hypotheses about environment 
NGOs and customers punish companies that behave bad/ unethical. However, there is reason to 

believe that the attention of societal actors is biased towards ‘visible’ firms at the end of the supply 

chain. Therefore, the sixth hypothesis stated that firms at the end of the supply chain will invest 

comparatively more in resource - and energy-saving technologies than firms at the begin of the supply 

chain. However, this result is not confirmed by the model. The effect of the supply chain position is 

highly insignificant, with an effect size of almost 0 and a p-value of almost 1. This means that it is not 

proven that the position in the supply chain has an impact on the investments.  

Many firms adopt certain green technologies (only) because the government forces them to do so. It 

can be expected that firms that adopt green technologies with this reason, comply with the rules, but 

don’t do more than that; in other words they do the bare minimum. This is reflected in the final 

hypothesis which says that firms that adopt CSR-policies because of governmental policies, will 

comparatively invest less in resource-and energy-saving technologies than companies that have other 

reasons. Governmental legislation does have a moderately significant impact on investments (p-value 

<0,10), and a relative small, negative effect size of -0,55. Firms that invest because of governmental 

legislation comply with the rules, but don’t do more than that. This finding is in line with the 

expectations of the hypothesis. 

Concluding: the environment does have some influence, but in this model, the influence of the 

environmental is relatively small. Firms that invest because of governmental legislation, invest as little 

as possible to comply with the rules, and no effect of supply chain position is found in this research. 

4.4 Concluding remarks 
The model of strategic, structural and environmental factors is able to explain significantly more of the 

differences between the investment behaviors of firms than the base model. Both the strategic 

reasons to invest and the structure of the firm seems to influence the amount of investments in 

resource- and energy-saving technologies; the effect of the environmental factors seems to be smaller. 

However, a lot is still unclear. For example how certain relationships work, and why certain hypotheses 
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are not confirmed by the multiple regression model. Therefore, interviews with managers from 

production firms are held and the results of this qualitative research are used to answer these 

questions. 

Table 5: Summary of results quantitative analysis 

H1 Firms that adopt CSR-policies to improve reputation, will comparatively invest more in 
resource- and energy-saving technologies than companies that have other reasons. 

Accepted 

H2 Firms that adopt CSR-policies to reduce costs, will comparatively invest more in 
resource-and energy-saving technologies than companies that have other reasons. 

Accepted 

H3 Large firms will invest comparatively more in resource- and energy-saving technologies 
than small firms. 

Accepted 

H4 Open firms will invest comparatively more in resource- and energy -saving technologies 
than closed firms. 

Rejected 

H5 Firms with a decentralized structure will invest comparatively more in resource- and 
energy-saving technologies than firms with a centralized structure. 

Rejected 

H6 Firms at the end of the supply chain will invest comparatively more in resource - and 
energy-saving technologies than firms at the begin of the supply chain. 

Rejected 

H7 Firms that adopt CSR-policies because of governmental policies, will comparatively 
invest less in resource-and energy-saving technologies than companies that have other 
reasons. 

Accepted 
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5. Results qualitative research 

This chapter discusses the qualitative analysis which consists of interviews. The structure of this 

paragraph is as follows: first, the questions of the interviews are developed based on the outcomes of 

the quantitative analysis. Secondly, the companies that are interviewed are introduced and finally, the 

outcomes of the interviews are used to answer the research question and the hypotheses. 

5.1 Developing questions 
As the methodology section stated, the questions for the interview are developed based on the 

outcomes of the quantitative analysis. The interviews are not only a way an sich to test the hypotheses, 

but also a way of explained (unexpected) results from the multiple regression model. In other words: 

most questions follow directly from the results of the quantitative analysis. Besides the hypotheses, 

the following questions will be answered with the interviews with the managers/ owners of the 

production companies: 

- In what technologies do companies invest?  

- Which reasons are most important to invest? Therefore, a ranking of the reasons must be 

made, instead of only naming them (as in the questionnaire). 

- Why do large companies invest more? Are they better able to recognize potential efficiency 

gains, or are they better as realizing them?  

- Do the managers confirm that collaboration with other firms doesn’t lead to more investments 

in energy efficiency? Why (not)? 

- Why does improved hierarchy lead to more investments? Are the investment decision mainly 

taken by the board, or do employees contribute to this decision making process? 

- Do companies feel the pressure from society/ customers to make the production more 

sustainable, or is it a direction they want to go? Is this pressure only present in the end of the 

supply chain? 

- What is the attitude of companies towards governmental policies? Is it perceived as a chance 

or an impediment?  

- Do managers overall think that their green behavior is mainly driven by strategic, structural or 

environmental factors? 

The aim of these questions is to clarify the relations that are found in the quantitative analysis. 

Therefore, follow-up questions are very important to really get insight in these relationships. These 

questions are further made concrete and translated in Dutch to form a good preparation for the 
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interview. These questions are available in Appendix 7. For the research, I contacted 10 companies 

from my own network. Some of these companies were not willing to participate, because they didn’t 

see the added value for themselves, or they were too busy or they didn’t like an online interview (which 

was necessary because of corona). At the end, 5 companies remained that were willing to participate. 

The interviews are held via Skype or other video call services because of the corona-virus and have the 

length of 30-45 minutes.  

5.2: Introducing companies 
In this section the companies that are interviewed are shortly introduced. The completely transcribed 

interviews are available in Appendix 81.  

5.21 Verbruggen Palletizing 
The first interview was with Verbruggen, a Dutch palletizing company. This company produces 

machines that palletize boxes, bags and crates. Other companies buy these machines because they 

take over a lot of work. The company is proud to be ‘the best in the world’ as the managers states it. 

This high quality is mainly reflected in the software and the corresponding possibilities and the stability 

of the machinery. This high quality is also reflected in a higher price. The company has about 200 

employees. The production of components of the palletizing machines is mainly outsourced, but the 

fabrication of control panels and the assemblage is in the headquarter in Emmeloord. The interview 

was held with Erik Bruggink, the owner and director of Verbruggen. 

The company has invested a lot in an efficient production process. In the past 10 years, the lead times 

have been reduced from about 16 weeks to only 2-3 weeks; competitors have a lead time of 12 weeks. 

Although this change is not initiated because of sustainability reasons but because of strategic reasons, 

the consequence is that the energy use per unit product is reduced. Part of the efficient JIT-process is 

the collaboration with suppliers to efficiently manage the stock of the firm, including JIT-deliveries and 

minimizing packaging materials, which reduces the resource need. The main goal of this efficient 

production is short lead times (1) and a low cost price (2). The company also invested in the most 

efficient technologies, like LED-lightning and efficient machinery to reduce energy costs, but these are 

not major investments or more than competitors. 

5.22 Asphalt factory 
The second interview was with a Dutch asphalt factory in Bergen op Zoom. The factory has about 10 

employees and the shareholders of the factory are 3 Dutch contractors that construct roads; these 

shareholders are also the main customers. The main shareholder is BAM, a large Dutch contractor. In 

                                                           
1 In this version, the interviews are not included; due to privacy reasons, the interviews are only provided to the 
docent. 
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an asphalt factory, stone, sand and bitumium (lime) are produced on high temperatures into asphalt, 

which is then transported to the road that is constructed. The Netherlands has 35 asphalt factories, 

mostly in the hands of contractors. Asphalt factories in the Netherlands mainly compete on price, but 

governments (which are the main end-customers of asphalt), increasingly value sustainability in the 

tenders. 

Dirk Jan Sloos, the manager of this asphalt factory, and the shareholders expect that sustainability will 

become increasingly important in the tenders. Therefore, they invested 600.000 euros in the adoption 

of a technology in which asphalt is not produced at 170, but at 110 degrees Celsius. With this 

technology, developed by the main shareholder of the factory, the gas use per ton asphalt reduces 

from 8 to 5 cubic meter. This is not only a large investment, but also quit rare: of the 35 asphalt 

factories in the Netherlands, only 8 use this technology. The factory also invested in a technology to 

recycle asphalt; around 50% of the produced asphalt comes from recycled materials; this percentage 

still increases. This technology, however, is not so rare; all asphalt factories in the Netherland adopt 

this technology. The application of this technology is mainly driven by cost consideration: the 

investments in this technology are paid back by lower resource costs.  

5.23 FME 
The third interview was with Robert van Beek, policy advisor at FME. FME is a business organization 

for the Dutch technological industry. It connects around 2.200 companies with the Dutch government 

(and the EU); it represents the companies towards the government via lobbying, but it also has a role 

in explaining governmental policy towards the technological companies. Mr. van Beek has climate- and 

energy-policy in his portfolio. The FME collaborates with other business organizations like VNO-NCW. 

The interview with the FME aimed to gain more insight in the investments in energy efficiency by 

technological companies. Why does this interview add value? The quantitative analysis can only search 

for correlations; the interviews are held to clarify how the relationships exactly work. However, these 

are very anecdotic and sometimes managers or owners of companies find it difficult to reflect on their 

own behavior. This interview therefore adds to the interviews with companies. The FME talks on behalf 

of companies and the policy advisor has lots of experience with the behavior of firms regarding 

investments in energy- and resource-saving technology. This means that this interview can produce 

helpful insights. 

5.24 Moduvision 
Moduvision is a Dutch high-tech company that is established in 1999 and has nowadays around 15 

employees. The company produces sub-assemblies of machines that analyze monsters of specific gas-

substances. They also develop robotics to prepare monsters for the actual analysis. The company is 

highly specialized in a niche-market within the larger market of the analysis of gas-substances. The 
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company is still in the scale-up phase. Development of new, advanced products is very important, 

which is visible in the relative high investments in R&D (7 of 15 employees work in R&D). The company 

buys most components from other producers; only the assembly of the machines is in-house. Only 3 

employees work on the production floor, which is only possible because of the highly automated, lean 

production method. The interview was held with Jan Willem Mol, owner and director of Moduvision. 

The in-house production is not very energy-intensive process; the company uses only 20.00 Kwh per 

year. But the company invested in ways to reduce the energy consumption. The office, built in 2010 

has energy efficient light and the roof is full of solar panels, which produce more than halve of the 

annual energy need of the company. The building is highly isolated and heated by 2 heat pumps (so, 

the company doesn’t use gas). This means that overall, the company invested relatively much 

compared to comparable companies, but at the same time a relative small percentage of the annual 

revenues (which is because they’re not very energy intensive). 

5.25 Firmx2 
The final interview was with Firmx Sluiskil, which is the largest of the 35 production locations of Firmx, 

a Norwegian company. Firmx Sluiskil is located in Zeeuws-Vlaanderen and has around 600 employees, 

and a turnover of between 700 million and 1 billion euros per year. It mainly produces fertilizer (just 

like it’s mother company), which is used in agriculture worldwide. The main raw material that is used 

for fertilizer is natural gas, which is splitted into carbon and hydrogen and then produced into fertilizer. 

The fertilizer market is almost a ‘perfect competition’-market, which means that it’s hard to 

differentiate from competitors based on product characteristics; the main competitive factor is 

product price (and therefore: costs). 70% of the costs of making fertilizer is the costs of natural gas 

(which is, again, mainly used as raw material); Firmx uses around 2 billion cubic meters natural gas per 

year (to compare: a Dutch household consumes on average 1400 cubic meters). So Firmx is one of the 

main polluters of CO2 in the Netherlands, and really in the spotlights of government, NGOs and the 

public. The interview was held with Jan Jansen, manager External Relations and Communication and 

Julia de Vries, communication expert. 

Firmx Sluiskil has invested a lot in energy efficiency and the reduction of CO2-emmissions in the last 

decades. Firstly they invested in a technique to reduce the emissions of nitrox oxide. Secondly, they 

invested in an Ureum-7 factory that uses CO2 and ammonia to produce Ad Blue and other products, 

so these elements are no longer wasted. In 2011 they built a new factory that worked on steam ‘waste’ 

of another factory onside instead of electricity; this improved energy efficiency with 25%. The residual 

                                                           
2 Due to privacy issues and firm-specific information, this interview has been anonymized. Both the names of the 
interviewees and of the firm are fictitious. 
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heat of the factories of Firmx is delivered to a neighboring greenhouse horticulture area, and since 

recently Firmx uses hydrogen ‘waste’ from Dow Chemical, another company in Sluiskil. Overall, Firmx 

has reduced CO2-emissions with 55% since 1990, while increasing production. Within the worldwide 

benchmarks of ammonia-producing factories, they are amply within the 10% most energy- and 

resource-efficient factories. 

5.3 Analysis of the interviews 
The interviews with the managers and the business organization are analyzed using the hypotheses. 

For each hypothesis, the relevant citations from the interviews are discussed and certain conclusions 

are formulated. This section is not concerned with comparing the outcomes of the qualitative and 

quantitative research; this is done chapter 6. 

5.31 Strategic factors 
In the literature, differentiation from competitors by improving the reputation of the firm and reducing 

costs are prominent objectives for firms to invest in sustainability. Therefore, hypotheses 1 and 2 

stated that firms that adopt CSR-policies to improve reputation or to reduce costs, will comparatively 

invest more in resource- and energy-saving technologies than companies that have other reasons 

(source diversity or ideology). 

For the palletizing company Verbruggen, energy efficiency is a direct consequence of their strategy: an 

efficient process, short lead times and minimal stock. “What is the most important, and on which our 

company is grounded is the philosophy of Eliat Koltrad and that is flow, so reducing lead times. So that 

is a just-in-time process in which we have minimal stock and the building time is only 2-2,5 week”. This 

is very little compared to other palletizing companies, who have a lead time of 10-13 weeks. This 

shorter lead time also reduces the energy use per unit of product in the assemblage. “Maximizing 

operational excellence makes in the end that we use not only less energy, but also less resources and 

have a lower cost price than our competitors”. So the strategic goal of Verbruggen is to shorten lead 

times in order to reduce production costs. Investments in technologies like led lightning are also mainly 

evaluated on the basis of the payback period.  

For the asphalt factory, the main reason to invest in the low-temperature asphalt technology is 

strategic: “we think that the future lies there. You see right now a shift towards contracts that value 

innovative working. So higher recycling percentages and lower energy use”. This is striking, because 

price is the most important competitive factor for an asphalt factory. In the quantitative part, we 

concluded that there wasn’t a high correlation between competitive positioning and strategic reasons 

to invest in green technologies; this is an example of a firm where that is indeed not the case. That 

doesn’t mean that cost price reduction isn’t important for the factory; in the end, they hope that due 
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to further developments and economies of scale, the cost price will drop towards the cost price of 

high-temperature asphalt. There is a clear cost incentive to apply the technology to recycle asphalt: 

although this process consumes some energy, the saved costs of raw materials are much larger.  

According to the FME, the main reason for firms to invest in energy efficiency is to lower the cost price. 

Especially for energy intensive firms (for which energy costs may be 20-30% of the cost price), energy 

efficiency is a necessity. But also for other firms (for which energy costs account on average for 2-3% 

of the cost price), cost price reduction is a strong incentive. However, on the other side, the policy 

advisors mentions that the price reductions may not explain the differences between companies, 

because if the price of the investment is too high you can get a subsidy, lowering the pay-back period 

to 5 years. So maybe, the cost incentive isn’t very different for different firms. When asking the policy 

advisor whether more ideological reasons for investing, like CO2-reduction, the policy advisor 

responded with: “It is definitely also ideology. I had last a report of a company that participated in the 

CO2-performance ladder and made an infographic of that, and published the numbers on their website 

and used it as a sales argument to their customer, and also to recruit personnel and for the 

conversation with their neighbors and the government”. So for the policy advisor, the motive ‘ideology’ 

was part of the reason ‘reputation’, while these two reasons are segregated in this research. However, 

he saw this reputation/ ideology reason as a very strong argument to invest. The policy advisor 

highlights also the fact that investments in resource- and energy-saving technologies compete with 

other investments: “it is a continue struggle for the boards to decide from all the good goals they have, 

which to do first. And first importance will always be the continuity of the firm, customer satisfaction, 

innovation of the product, lowering cost price and increasing the margins”. So although certain 

investments in resource- and energy-saving technologies are profitable, they may be not done, 

because other projects are prioritized. 

For Moduvision, the relative high investments in resource- and energy-saving technologies comes forth 

from two main reasons: ideology and reputation. The director explained that the ‘most decisive is 

surely idealism’ and “we try to go ahead of the group. (…) Privately I’m also busy with things like this. 

The founder of this company, he is now retired, had the same vision. So it was in the genes of the 

owners, which played surely a role in it”. However, the owner instantly downplayed this by noting that 

the investments the company did where minor compared to the revenues of the company. In a more 

energy-intensive company, the investments will be higher, and there is less room for idealism. The 

second strategic reason to invest in these technologies was that this contributes to the modern, 

innovative image of the company: “we try to send it out (…) when the opportunity is there by outsiders, 

than we mention it”.  
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For Firmx, the cost price is the most important criteria to decide whether or not to innovate in a certain 

project, because the cost price is also the main competitive factor in the fertilizer-sector: “it must be 

profitable. Simple as that, because we compete on the world market. (…) Generally projects should 

pay back, with or without subsidies, rather without”. However, the fact that Firmx Sluiskil is well ahead 

in the transition is also value-driven: “we are a Norwegian company and Scandinavian countries 

consider it important to be sustainable, especially when the government is shareholder (…) Firmx has 

of course the goal to, besides being climate neutral in 2050, also meet some intermediate objectives”. 

So the search for a sustainable course is value-driven, but the main criteria to implement sustainable 

technologies is the development of the cost price. 

Overall, we can conclude that strategic reasons play an important role in the decision of companies to 

invest in resource- and energy-saving technologies. Investing was a conscious choice for all the 

companies and they were well able to explain why they did so. Reducing production costs is the major 

strategic reason of investing in these technologies for Verbruggen, the asphalt factory and Firmx. For 

the last two, this is also caused by their relative energy-intensive production process. However, both 

companies have also another reason to invest: the asphalt factory also wants to meet the future needs 

of their customers better, and the search for sustainable technologies of Firmx is value driven. The 

policy advisor of the FME also sees cost reduction as the main strategic objectives of firms that invest 

in green technologies, but again: other reasons can also influence the behavior of companies, e.g. the 

improvement of the reputation. Moduvision is the main outlier, because there, the investments are 

mainly driven by the ideology of the owner(s), and costs and reputation are only secondary reasons. 

However, according to the owner, this is only because of the relative low energy use of the company. 

Source diversity is mentioned by none of the interviewees as reason to invest; maybe this is because 

this argument only holds for investments in renewable energy, and not for improved energy efficiency. 

Overall, the qualitative research confirms the outcomes of the quantitative research. 

5.32 Structural factors 
According to some studies, large firms are better able to observe and realize the potential of energy 

efficiency within their firm. Therefore, large firms suffer less of the energy efficiency paradox than 

there smaller counter parts. This observation resulted in the hypothesis that large firms will invest 

comparatively more in resource- and energy-saving technologies than small firms. According to the 

literature, open firms are better in innovation in general, and in observing and realizing energy 

efficiency gains more specifically. The second hypothesis concerning structure therefore states that 

open firms will invest comparatively more in resource- and energy -saving technologies than closed 

firms. The final ‘structural’ hypothesis states that more hierarchical firms will invest less in resource- 
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and energy-saving technologies because in these firms employees won’t come up with ideas to 

improve energy efficiency. 

The palletizing company is a confirmation of the first hypothesis: it has around 200 employees and is 

very aware of its energy- and resource use and is investing a lot in an efficient process, including 

minimizing energy use per unit of product. However, it is questionable whether this is because of the 

size of the company, because the owner/ manager is the main driver of the investments in an efficient 

process. The company also collaborated with suppliers, in order to minimize stock and resource losses. 

However, that didn’t lead to more investments in certain technologies. 

The asphalt factory has only 10 employees, but invested a huge amount of money in the low-

temperature-asphalt, which contradicts the first hypothesis. This can be explained by the tight 

collaboration with BAM, its main shareholder and customer. It is difficult to classify this cooperation 

either to structure (because it’s a collaboration) or to environment (because it’s the main competitor). 

This contractor invested a lot in the development of this technology and enabled the factory to 

implement it. The manager made a comparison to Germany, where the connection between asphalt 

factories and contractors is much looser. This is one of the reasons why German asphalt factories have 

invested less in sustainable production: “I think that in the Netherlands, we are further in the 

development of circular asphalt and low temperature asphalt than for example in Germany. [For us, 

PM], there is a clear drive of our mother companies behind the move to a circular society”. So, for this 

asphalt factory, the collaboration with its main customer on R&D was really beneficial for the 

investments in energy efficiency and helped to overcome the small size of the company. The adoption 

of the technology was initiated and implemented by the manager of the plant and BAM; the employees 

play only a minor role in this process. 

The policy director of the FME observed that the amount of investments in resource- and energy-

saving technologies was limited by something like ‘organizational capacity’. Changing something in the 

production process costs not only money, but also time, effort and expertise. Change processes “take 

away a certain capacity in the company in terms of money and people that have to do that. Sometimes 

you need job work, some colleagues are needed, or third parties. That reduces the moments on which 

this work can be done”. This holds especially for small companies, in which the whole management is 

done by the entrepreneur (and its partner); sometimes, the entrepreneur even works along. This highly 

limits the organizational capacity to observe and implement energy efficiency measures. In larger 

companies there are KAM-coordinators (responsible for quality, working conditions and environment), 

that often initiate project to save energy/ resources. Small companies, however, can also have 

advantages over large companies: “large is not always an advantage. There also disadvantages to that. 
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The decisiveness of such a company decreases. If an entrepreneur with 15 employees says: we paint 

the building green, because he likes that, than it will happen”. The policy director agrees that 

companies are inspired by other companies to invest in certain techniques. However, companies can 

also be inspired by companies to which they have nog strong strategic ties, for example their 

neighbors, entrepreneurs they meet at business organizations like FME and examples on the website 

of the RVO. The policy advisor tells that also in hierarchical companies, the management often places 

something like an idea box, in which employees can post good ideas: “every smart boss invites his 

employees to bring ideas that contribute to the company”. On the other side, in less hierarchical 

companies, still the board is very important: “it stands or falls with the attitude of the board. Because 

in the end, the director of the company has to sign”.  

Moduvision is a small company, and the relative investments in resource- and energy-saving 

technologies can’t be explained by special collaborations. Also, some employees are relatively critical 

towards the investments and only want to invest in projects with a low payback period. So the 

investments of Moduvision are difficult to explain with the hypotheses about structure. Maybe, the 

high-tech, innovative character of the firm can explain the relative easy observation and 

implementation of the sustainable technologies. 

Firmx has clearly the advantage of the large scale. This enables them to build a group of factories that 

uses the waste of each other as raw materials in order to minimize waste. Also, investments in 

resource- and energy-saving technologies pay back relatively quickly because of the large scale. The 

scale, and especially the energy-intensity of the company also reason for societal pressure to invest. 

However, the manager also puts the innovative power of the company into perspective: “there are 25 

man R&D onside at us, but they are mostly directed from Oslo (the headquarter of Firmx, PM), and 

partly they are busy with quality and product innovations and less with process innovations”. In other 

words: although Firmx Sluiskil is a large company, it has relatively little manpower to seek for and 

implement green technologies. The company invests a lot of effort in partnerships with other 

companies in order to reduce CO2-emmissions. Firstly, the company collaborates with small, 

innovative companies to explore the potential of new technologies. An example of this is the algae-

basin on the side, which cleans the wastewater of the company; this is a collaboration project with a 

university. They collaborate with Dow Chemicals, a neighboring company, who delivers their residual 

hydrogen to Firmx; another project is the delivery of rest heat and CO2 to a nearby located horticulture 

area. To implement all these technologies, Firmx needs to establish a tight collaboration with these 

companies and universities (the government is also involved, e.g. to change legislation). The 

development and implementation of sustainable technologies is mainly the job of R&D and 

management, so the involvement of ordinary employees is low. 
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Overall, we can conclude that the relationship between size (in terms of amount of employees) is 

present in some companies (mainly Firmx, but also the policy advisor of the FME confirms an effect of 

firm size), but the two small companies in terms of employees (asphalt factory and Moduvision) both 

invested relatively much, which undermines the hypothesis. On the other side, Moduvision invested 

relatively much, but in absolute terms not. The high investments of the asphalt factory are explained 

by its collaboration with BAM, but also for Firmx, collaboration is important for implementing 

sustainable technologies. For the other companies, however, collaboration doesn’t play a large role in 

the investments in green technologies. It seems that the involvement of employees in the whole 

process of searching for and implementing resource- and energy-saving technologies is relatively small 

in all the interviewed companies. 

5.33 Environmental factors 
There are two hypotheses concerning the environment of the company. The first states that firms at 

the end of the supply chain will invest comparatively more in resource - and energy-saving technologies 

than firms at the begin of the supply chain, because these firms feel more pressure from customers 

and NGO’s. The second states that firms that invest because of governmental legislation will 

comparatively invest less than firms that invest because of other reasons. Because these firms will 

invest as little as possible to conform to the governmental legislation. 

The effects of the environment on the investments in energy efficiency by Verbruggen, the palletizing 

company, seem to be small. The shorter lead times etc. are really driven by the strategic goals of the 

company; governmental policy or other pressure from outside the company have only little influence 

on this policy. 

For the asphalt factory, there is a clear pressure from supply chain partners to invest in sustainable 

technologies. The main shareholder, BAM, and the government (main end-customer) increasingly 

demand sustainable production. This shows that societal pressure does not influence only companies 

at the end of the supply chain, but also the suppliers of these companies. For the asphalt factory, there 

is also a clear governmental pressure to move towards a more sustainable production. Not only is the 

government the main customer of asphalt, but governmental actions, like the Dutch ‘klimaatakkoord’ 

and the European Green Deal and the ETS-system highly influence the activities of an asphalt plant and 

actually leave the management no choice than to keep innovating and investing in sustainability. 

The policy advisor of the FME confirms that the wishes of customers play an important role in the 

decision to invest. In fact, he sees it as one of the three major reasons to invest: “there are three things 

[reasons to invest, PM] which you should distinguish: it should [because of governmental legislation, 

PM], companies see it themselves, or companies do it because their customer demands them to do 
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so. That are three motives that always come back by why companies do certain things”. He also 

confirms the fact that companies that invest (only) because of governmental legislation, will invest 

less, and compares it to sporting: “if your mother tells you to do so, you think: yuck! But if friends ask: 

‘would you like to play football with us?’, than you like it. It’s the same with companies and energy 

efficiency. If somebody says to you: thou shalt do this or that, than resistance arises”. That doesn’t 

mean that legislation doesn’t make sense, because “some companies only get to work because they 

have to”. So the policy advisor sees a relative large role for the environment, especially for firms that 

lack behind. In other words: for certain firms, strategic reasons are not such a strong motivation to 

invest, and for these firms pressure from the environment can cause them to innovate. 

Moduvision doesn’t feel pressure from the customers to implement sustainable technologies. 

Although the relative sustainable course of the company is sometimes used as a selling point, there 

are no customers that demand a certain grade of energy efficiency. However, the manager doesn’t 

know whether this will stay the same in the future. The investments of the company also have little to 

do with governmental legislation; the only relevant legislation is some subsidies, e.g. on solar panels. 

But the company isn’t forced by the government to invest in green technologies. So overall, the 

investments of Moduvision can’t be explained by the pressure of the environment to adopt. 

Firmx really feels the pressure from the environment to keep innovating and to become (even) more 

sustainable: “There is surely pressure from the government and the market”. Firstly, the market was 

discussed: “agriculture (the customer of fertilizer, PM) is under pressure (…) that’s really the playing 

field you’re in”. So farmers and farmers organizations value investments in sustainability and this 

stimulates Firmx to invest. There is also pressure from NGO’s and from journalism; Firmx is getting 

much attention of these groupings (e.g. via reports in large, national newspapers). This pressure comes 

mainly from the fact that Firmx is one of the largest polluters in the Netherlands and the public opinion 

towards such companies is not very positive. The pressure of the government, however, is even larger. 

The manager calls the governmental pressure ‘enormous’ and ‘unknown’ and names for example the 

European ETS-system, the Green deal, the Dutch ‘klimaatakkoord’, and the shift in energy taxes in the 

Netherlands towards large consumers and natural gas, which increase the cost price of Firmx. Although 

the manager sees a benevolent government, he sometimes gets the idea of ‘being slaughtered from 

all sides’, mainly because there are so little politicians and officials that have both the technological 

and legal knowledge to develop policies that help companies like Firmx to become more sustainable 

without losing its competitive position. “I see that there is a lot of talking nowadays, and lots of reports 

are published. But when we come with concrete plans, like: we want this or that, than the real, 

concrete support is left behind”. Over all, we can conclude that the environment of Firmx has a large 

influence on its policies, which is mainly due to its large size and high energy intensity. 
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Overall, the effect of the environment differs largely between different companies. For Firmx and the 

asphalt factory, the pressure of the environment (both from the market and the government) is high, 

because of the increased attention of the public towards climate issues, especially when it concerns 

large, energy-intensive companies. The environment has less influence on Moduvision and 

Verbruggen. The view point of the policy advisor of the FME, that governmental legislation mainly 

moves companies that are lagging behind was difficult to test, because the four companies are doing 

relatively well.  

Table 6: Summary of results qualitative analysis 

H1 Firms that adopt CSR-policies to improve reputation, will comparatively invest more in 
resource- and energy-saving technologies than companies that have other reasons. 

Accepted 

H2 Firms that adopt CSR-policies to reduce costs, will comparatively invest more in 
resource-and energy-saving technologies than companies that have other reasons. 

Accepted 

H3 Large firms will invest comparatively more in resource- and energy-saving technologies 
than small firms. 

Accepted 

H4 Open firms will invest comparatively more in resource- and energy -saving technologies 
than closed firms. 

Accepted 

H5 Firms with a decentralized structure will invest comparatively more in resource- and 
energy-saving technologies than firms with a centralized structure. 

Rejected 

H6 Firms at the end of the supply chain will invest comparatively more in resource - and 
energy-saving technologies than firms at the begin of the supply chain. 

Rejected 

H7 Firms that adopt CSR-policies because of governmental policies, will comparatively 
invest less in resource-and energy-saving technologies than companies that have other 
reasons. 

Accepted 
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6. Discussion 
This chapter consists of a discussion of the results (6.1) and of the limitations of the research, followed 

by recommendations for future research (6.2). Finally, the theoretical and practical contributions of 

this research are discussed. 

6.1 Discussion of results 
In this research, several hypotheses where formulated in order to investigate whether companies 

invest in resource- and energy-saving technologies because of strategic, structural of environmental 

reasons. This section discusses the outcomes of the quantitative and qualitative analyses and 

compares these outcomes to the literature.  

6.11 Strategic factors 
In to the literature, differentiation from competitors by improving the reputation of the firm and 

reducing costs are prominent objectives for firms to invest in sustainability. Therefore, hypotheses 1 

and 2 stated that firms that adopt CSR-policies to improve reputation or to reduce costs, will 

comparatively invest more in resource- and energy-saving technologies other companies. These 

hypotheses are confirmed by both the quantitative and the qualitative analysis. Reducing costs seem 

to be the strongest incentive for investments in resource- and energy-saving technologies, because in 

the quantitative analysis, this reason had the largest and most significant effect and in four of the five 

interviews this was mentioned as the most important reason to invest. A better reputation has in the 

quantitative analysis a weaker but also significant effect, which is confirmed by the interviews, where 

this is mainly mentioned as a secondary reason after cost reductions. The other two reasons (source 

diversity and ideology) have no significant effect in the quantitative analysis. So although companies 

give these reasons quite oft in the survey, they do not increase the investments in resource- and 

energy-saving technologies 

How can this be explained? For the reason ‘ideology’, might indiate as form of greenwashing, which is 

defined as the intersection of two firm behaviors: poor environmental performance and positive 

communication about environmental performance (Delmas & Burbano, 2011). So, in the survey the 

companies give a positive claim of their attitude towards reducing the environmental footprint of their 

production process, while this is not really the reason (Netto, Sobral, Ribeiro, & Soares, 2020). 

However, it is not very likely that companies will do this in a survey, because the survey is 100% 

anonymous, so there is no benefit to lie about the motives.  
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Another possible explanation is that ideology and source diversity are minor reasons, compared to 

reputation and especially price. Firms mention these reasons because they know that an effect of their 

investment is the reduction of CO2 or the improvement of source diversity but these where not the 

main drivers for the 

firm in the decision 

to invest. This 

theory is 

underpinned by the 

fact that in the 

interviews, no one 

came up with the argument of source diversity; so maybe firms only give this answer when it is 

explicitly given as an answer option. It can even be argued that firms confuse the reasons with each 

other, which also happened in the conversation with the policy advisor of the FME, that used the term 

‘ideology’ to describe what is labelled as ‘reputation’ in this research. This explanation can also be 

underpinned with a good look at the data: 

- Price and reputation are often mentioned by firms as the only reason to invest. Ideology and 

source diversity, however, are rarely mentioned solely by firms which indicates that ideology 

and source diversity are always one of more reasons. This effect is shown in table 7. 

- In the correlation table in Appendix 4, it becomes visible that large correlations exist between 

ideology and source diversity and the other two reasons, especially with reputation. So these 

reasons are often mentioned in combination. 

To conclude: reputation and especially reducing costs are strong incentives to invest in resource- and 

energy-saving technologies, while other strategic reasons are not. 

6.12 Structural factors 
According to some studies, large firms are better able to observe and realize the potential of energy 

efficiency within their firm. Therefore, large firms suffer less of the energy efficiency paradox than 

there smaller counter parts. This observation resulted in the hypothesis that large firms will invest 

comparatively more in resource- and energy-saving technologies than small firms. According to the 

literature, open firms are better in innovation in general, and in observing and realizing energy 

efficiency gains more specifically. The second hypothesis concerning structure therefore states that 

open firms will invest comparatively more in resource- and energy -saving technologies than closed 

firms. The final ‘structural’ hypothesis states that more hierarchical firms will invest less in resource- 

and energy-saving technologies because in these firms employees won’t come up with ideas to 

improve energy efficiency. 

Table 7: analysis of reasons to invest 

Reason Times mentioned 
(energy) 

Effect size (sig.) Times mentioned 
alone (energy) 

Reputation 105  0,070 (0,063) 19 (18%) 

Price 103  0,135 (0,000) 26 (25%) 

Ideology 62 -0,016 (0,688) 1 (2%) 

Source diversity 52 -0,014 (0,645) 0 (0%) 
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The firm size had a large effect in the quantitative analysis, but in the qualitative analysis, it was difficult 

to find an effect because all companies in this research invested relative much, regardless of their size. 

However, especially the interview with the policy advisor gave some mechanisms that cause that the 

energy efficiency gap in large companies is (relatively) smaller than in small firms. Firstly, in small firms, 

often only one person is involved in the management of the firm (sometimes even part-time), which 

leaves less time to search for and implement resource- and energy-saving technologies. In large firms, 

the management is not only larger, but often one of the employees is also concerned with quality- and 

sustainability-management, and such an employee has automatically an eye for efficiency projects. 

Secondly, legislation (governmental rules and subsidies) is not always easy, and in small firms this 

knowledge is often not present, although they can get help from outsiders like accountants. Thirdly, 

large firms may be better at raising money to finance the investments in energy efficiency, while 

smaller firms find that more difficult, and should therefore often choose better energy efficiency 

projects and other projects, like product innovation. In large firms, like Firmx, the occupancy rate of 

machines may be higher, which makes investments in resource- and energy-saving technologies more 

attractive. All these arguments given in the interviews are also given by Arvanitis and Ley (2013) and 

Stoneman and Karshenas (1995). The interview with Firmx suggests that large, energy-intensive 

companies are also more in the spotlights of society and therefore feel the pressure of outside to 

reduce the energy need an effect that is studied earlier by Maynard and Shortle (2001). There is one 

argument in the benefit of small companies: the decisiveness is much larger; an ambitious 

management can be counteracted by certain functional areas in a large firm, but in a small firm that is 

not possible. But overall, the evidence is clear that larger firms invest more in resource- and energy-

saving technologies than their smaller counterparts. 

The result of the quantitative analysis suggest that openness (or: collaboration with other 

organizations) doesn’t have an effect on the investments in resource- and energy-saving technologies. 

One explanation for this unexpected result might be the finding of a study of Wagner (2007) on German 

manufacturers who found that cooperation with other actors doesn’t increase the adoption of green 

technologies by definition. Cooperating with predominantly environmentally concerned stakeholders 

increases the likelihood of investing in green technologies, while collaboration with other ‘neutral’ 

stakeholders decreases this likelihood. This theory corresponds to the Firmx-case; Firmx has lots of 

collaborations (also with its customers, for example), but only certain collaborations that were initiated 

specifically to improve the energy efficiency of one or both of the parties, (e.g. with Dow Chemicals, 

universities and horticulture companies) led to more investments. Another explanation might be the 

findings of a study of (Triguero et al., 2013) that especially R&D-collaboration has an impact on eco-

innovation. Specifying the collaboration towards R&D-collaboration only might yield better results. An 
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example of this theory is the asphalt factory, since the low-temperature technology was developed by 

its main customer, BAM that invested in R&D to make this possible. So the conclusion here should be 

that collaborating an sich doesn’t increase the investments in resource- and energy-saving 

technologies, but that specific types of collaborations can be beneficial. 

The final structural hypothesis, which states that in more hierarchical firms, employees won’t come up 

with ideas to improve the energy efficiency, is not fulfilled in the quantitative analysis; actually, the 

opposite was found. What is the reason for this unexpected result? Firstly, the interviews suggest that 

the involvement of common employees, is not very large. The search for, decision about and 

implementation of sustainable investments are mainly initiated by the manager or by a specific 

department (e.g. the R&D department). The involvement of employees can be important in the 

everyday business, but not in the large investments in new, cleaner technologies. This corresponds to 

the research of (Tian, Zhang, & Li, 2020) who conclude that certain employees develop a pro-

environmental attitude, which leads to employee green behavior. An example of this was given by the 

manager/ owner of Moduvision, who highlighted the fact that his personnel was very precise in the 

separation of waste. So the involvement of employees can lead to better sustainability practices, but 

this may not be reflected in higher investments in resource- and energy-saving technologies, but more 

in green behavior of the employees. 

However, the effect of hierarchy wasn’t 

insignificant but it was significant in the other 

direction. So more hierarchy leads to more 

investments. Why is that the case? To answer 

this question, the questions from the survey 

are shown in figure 2 (in Dutch). These 

questions clearly indicate a certain prescription from the management towards its employees on how 

to work. However, there may be several explanations about why such a prescription may cause more 

investments or indicate the presence of a favorable condition for more investments:  

- Detailed prescriptions or work instruction might indicate a certain level of professionalization 

of an organization. A more professional organization might be better in signaling possibilities 

to improve efficiency and realize them. De Almeida (1998) points out that routines are very 

important in decision making of both individuals and firms. A professional firm might have the 

routine of analyzing the situation before taking a decision, while a less professional firm might 

take the decision more intuitively. Therefore, less professional firms might oversee certain 

energy efficiency gains and the energy efficiency paradox increases (Kounetas & Tsekouras, 

Figure 3 Questions from EMS regarding hierarchy 
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2008). So both the formalization of work instructions and investments in energy efficiency 

might be the consequence of professionalization. This explanation is more or less confirmed 

by the interview with the policy advisor, who explains that some organizations are better in 

managing changes than other organizations. 

- Making the detailed prescriptions and work instructions might trigger a company to think 

about where possible efficiency gains can be made. One of the sources of the energy efficiency 

paradox is that managers are not aware of the potential of energy efficiency (Stephen J. 

DeCanio, 1993). The moment work instructions are formalized, might be the moment that 

managers start to think about/ become aware of cost savings via energy efficiency. This 

explanation fits very well to the case of Verbruggen, a company which is highly 

professionalized in order to minimize lead times and production costs. As a consequence, the 

manager knows very well which machines use much energy, and he also knows where possible 

efficiency gains can be made. 

Maybe a strong hierarchy does have a negative impact on investments. But the formalization of 

working relations that is measured in the questions that are included in this variable has a positive 

impact on the investments in resource- and energy-saving technologies. However, more research is 

needed to give more insight in these relations. 

Overall, we can conclude that there is something like ‘organizational capacity’, which influences the 

ability of firms to invest in resource- and energy-saving technologies. Certain structural characteristics 

of a firm can enhance or worsen this organizational capacity, which causes the energy efficiency 

paradox to increase or decrease. This effect is earlier described by (S. J. DeCanio & Watkins, 1998), 

who found that a wide range of company specific characteristics is associated with the likelihood of 

investing in green technologies. 

6.13 Environmental factors 
There are two hypotheses concerning the environment of the company. The first states that firms at 

the end of the supply chain will invest comparatively more in resource - and energy-saving technologies 

than firms at the begin of the supply chain, because these firms feel more pressure from customers 

and NGO’s. The second states that firms that invest because of governmental legislation will 

comparatively invest less than firms that invest because of other reasons. Because these firms will 

invest as little as possible to conform to the governmental legislation. 

In the quantitative research, no correlation between supply chain position and investments was found. 

How can this be explained? Why does this finding deviate so much from the existing literature? One 

explanation might be that this research mainly concerns SMEs (only 4 (2,2%) firms in the sample are 
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larger than 250 employees). In the research of Schmidt et al. (2017), who did find an effect, only half 

of the researched firms is SME. SMEs get often less attention of NGO’s and the public than large firms 

like Shell and Philips. Therefore, it is likely that for SMEs, the effect of pressure of NGO’s and the public 

on end-of-supply-chain-firms is lower. This is confirmed by the interview with Firmx, a company that 

experiences a lot of pressure from the society mainly because it’s such a big company.  

However, it is still questionable whether only firms at the end of the supply chain experience the 

consequences of the pressure of consumers. In the interviews, both the asphalt factory and Firmx 

report a high pressure from their customers to invest in resource- and energy-saving technologies, and 

also in the interview with the FME, pressure from customers is discussed as a universal issue, not only 

present for companies at the end of the supply chain. The manager of Moduvision explains that there 

are currently no energy efficiency prescriptions from its customers (which are machinery factories 

further in the supply chain), but that he knows that these prescriptions can come in the future. The 

asphalt factory was pushed by its main customer BAM to invest in green technologies, because BAM 

feels the pressure from its own customers to become more sustainable. This effect is also found in the 

literature: companies at the end of the supply chain receive the greatest pressure from the 

environment, and therefore they take the leadership within the supply chain to stimulate and 

coordinate environmental changes (Gonzalez-Benito & Gonzalez-Benito, 2010; Seuring, 2004). Via 

special covenants between end producers and upstream producers, or via prescriptions from the end 

producers, the societal pressure on the firms on the end of the supply chain can be ‘pushed upstream 

into the supply chain’ (Walton, Handfield, & Melnyk, 1998). This might be the explanation why supply 

chain position doesn’t have a significant effect on the actual investments of a company in resource- 

and energy-saving technologies: societal pressure has not only consequences for the visible firms, but 

also for the less visible firms behind it. Unfortunately, the EMS-survey doesn’t contain a question that 

can be used to analyze how much firms invest in resource- and energy-saving technologies because of 

market pressure, and what the effect of this pressure is. 

The final hypothesis, concerning the effect of governmental policies, was confirmed by the quantitative 

analysis and by the interview with the FME. The asphalt factory and Firmx did feel the pressure of 

government, however they are still very proactive in investing, so governmental policy was not their 

main reason to invest. The companies perceive many governmental policies (e.g. energy taxes, 

subsidies and the European ETS-system) as mainly price considerations. So the effect of these policies 

is (partly) included in the reason ‘price/ costs’ and not in the reason ‘governmental policies’. So only 

legislation like the law ‘energy savings obligation’, which orders that every energy efficiency measure 

with a payback period of less than 5 years must be taken, is fully seen under the reason ‘governmental 

policies’. 
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We can conclude that the environment does has an influence of the investment behavior of firms. 

Market pressure is felt through the whole supply chain. Pressure from governmental policy concerns 

mainly firms that lag behind regarding investments in sustainability. 

6.14 Discussion of the three factors 
This research found that a firm’s strategy, structure and environment all influence the investments of 

firms in resource- and energy-saving technologies. Both the quantitative and the qualitative research 

show that the strategic factors reputation and costs are strong incentives to invest. The organizational 

capacity, which determines how much (technological) changes a company can undergo, varies 

between companies. The structural factor company size highly influences this organizational capacity 

to change, but the level of professionalization of a company and certain collaborations have also an 

influence. In the quantitative analysis, the environmental factors had the weakest effect on the 

investments, but the interviews give reason to believe that governmental and market pressure are 

strong incentives to invest for certain companies. 

6.2 Limitations and directions for future research 
Although many measures are undertaken to ensure the reliability and validity of this research, there 

are still limitations to this research. The first group of limitations, and related recommendations, 

concerns specific variables in this research. 

The first limitation concerns the operationalization of the dependent variable. In this research, the 

total amount of technologies and upgrades a company invested in is calculated. However, the 

interviews indicate that this measure is sometimes not adequate. The asphalt factory, for example 

invested only in a small amount of techniques, but these were large investments, both as percentage 

of annual revenue and in terms of absolute and relative energy efficiency gains. Moduvision, on the 

other side, invested in a wide range of technologies, but these investments were not very large, both 

as percentage of annual revenue and in terms of absolute energy efficiency gain. So, in the quantitative 

analysis, a firm that invests relatively little in many techniques, can score higher on the dependent 

variable than a firm that invested much in one technology. This limits the reliability of this investments-

measure. Future research can solve this by calculating the investments of a firm as percentage of 

annual revenue, or by calculating the absolute or relative energy efficiency gain of the investment. 

It is striking that in the quantitative analysis there is no correlation between the strategic orientation 

of the firm (i.e. the importance of certain competitive factors) and the strategic reasons to invest in 

resource- and energy-saving technologies. This research gives an example where there is indeed no 

correlation between these two: the asphalt factory has ‘price’ as its main aspect to compete on, but 

invests because of reputational reasons. The policy advisor of the FME sees cost reduction as the main 
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strategic reason to invest, regardless of the strategy of the firm. At the same time, in two cases 

(Verbruggen and Firmx) there is a clear connection between the overall strategy of the firm and the 

reason to invest in green technologies. Future research should dive deeper into this relationship. 

A related limitation is that conceptually, the general strategic orientation may fit better in this research 

than the strategic reasons to invest in a CSR-policy. The structural and environmental factors are also 

taken in general and not only for the CSR-policy of the firm. Future research should also investigate 

whether the strategic orientation of a firm in general influences the investments in resource- and 

energy-saving technologies. For example: do firms for which cost price is the main competitive factor 

invest more?  

The fact that certain effects yield a non-significant or unexpected result, can partly be explained by the 

operationalization of certain construct. Openness is defined by the total number of functional areas 

on which a company cooperates with other companies. However, the interviews suggest that not every 

type of collaboration leads to more investments in sustainability, while other collaborations have a 

very large impact, for example R&D-collaboration or collaboration with ‘green’ partners. Future 

research can specify the model towards such collaborations in order to gain better results. Also 

hierarchy is operationalized in a bad way; the question from the survey indicate more a certain form 

of ‘professionalization’, which is positively related to investments in sustainability. Future research 

should either focus on this professionalization of an organization, or it should operationalize 

‘hierarchy’ in such a way that it really reflects the involvement of employees in the (sustainability) 

policies of the company.  

The interviews indicated that market pressure indeed leads to more investments in resource- and 

energy-saving technologies; this is also confirmed in the literature (Huang, Ding, & Kao, 2009; Triguero, 

Moreno-Mondejar, & Davia, 2015; Weng & Lin, 2011). However, there is no proof that any differences 

exist between the different stages of the supply chain. The current EMS-survey gives no possibilities to 

investigate the effect of market pressures on the investments of companies. Future research can focus 

more specific on this relationship. 

The interviews give reason to believe that there exists a difference between energy intensive 

companies and non-energy intensive companies; energy-intensive companies are more aware of the 

potential of reducing costs by reducing energy consumption. Studies about reducing emissions to air 

in four sectors in Sweden (Hammar & Lofgren, 2010), the adoption of energy-saving technologies in 

Swiss firms (Arvanitis & Ley, 2013) and investments in energy-reduction in the Dutch horticulture 

sector (H. L. F. de Groot, Verhoef, & Nijkamp, 2001) found comparable results. So, in future studies on 
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the investments in resource- and energy-saving technologies, the energy intensity can be taken as a 

control variable.  

This research only investigated a small set of strategic, structural and environmental factors that 

influence the adoption of resource- and energy-saving technologies. Because of this small number, it 

is not possible to decide which of this three factors is the strongest, and whether the importance of 

these factors differ between different firms. Therefore, future research should include a wider range 

of factors. For example the attitude of the manager/ owner towards sustainability, the educational 

background of the manager and employees, the size of the R&D department, the ownership structure 

of the firm, whether a company participates in business networks and the capital intensity of the firm. 

This research focused only on the direct effects of certain strategic, structural an environmental 

factors. However, early research on these three factors already acknowledged already the interplay of 

strategy, structure and environment. Lenz (1980), for example, compared combinations of 

environment, strategy, and organization structure associated with high- and low- performing 

companies. So, in his research, the combination of factors was important. Based on the interviews, 

there is reason to believe that the interplay between the factors is also important in researching the 

adoption of resource- and energy-saving technologies. In the literature, also interrelations between 

independent variables (moderators) are analyzed. The manager of Moduvision, for example, stated 

that his ideology-driven approach of sustainability was only possible because of the low energy 

intensity of the firm. The interview with the asphalt factory gave reason to believe that cooperation is 

especially beneficial for small firms, who can profit from the R&D-capacity of large firms, an effect that 

is also found by Triguero et al. (2015). The large societal pressure on Firmx was (partly) due to its size 

and energy intensity. Triguero et al. (2015) found indeed that market pressure have a larger effect on 

large firms and Huang et al. (2009) found the same for family businesses. Taking these moderating 

effects into account may improve the explanatory value of the model and may produce valuable 

insights. It can, for example give insight in the question whether firms with specific structural 

characteristics have different reasons to invest. Or whether certain strategies or structures lead in 

certain environmental contexts to higher investments. It is even possible to create combinations of 

strategic, structural and environmental factors that, together, form the ideal situation for investments 

in resource- and energy-saving technologies. 

A final limitation of this research concerns the fact that the interviewed companies are relatively pro-

active in investing in resource- and energy-saving technologies. Probably this is because firms that 

invested more in energy efficiency, are more eager to participate in this research than firms who 

haven’t. This, however, limits the external validity of the research; in other words, the outcomes of the 
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interviews cannot be generalized towards the whole population of firms. Future research can solve 

this by investing more effort in getting different firms. 

6.3 Theoretical and practical contributions 
This thesis has several practical and theoretical contributions. First, the theoretical contributions are 

discussed, and secondly, the practical contributions of this research are given. 

6.31 Theoretical contributions 
As far as the writer knows, this is the first research in which the strategy-structure-environment 

framework is applied to the investments in sustainable technologies. This framework provides the 

ability to study the effect of a wide range of factors on the investment behavior of firms in a very 

systematic way. When, in future research, the number of factors will be expanded and certain 

interrelations between structural, strategic and environmental factors are found, a complete picture 

can be drawn about why companies invest in resource- and energy-saving technologies, and why other 

companies invest not so much even when investments have a high rate-of-return. Besides this abstract 

framework, this research contributes to the growing body of literature on the question why certain 

firms invest more in resource- and energy-saving technologies (or: more general in CSR-policies) than 

other firms by identifying concrete strategic (price, reputation), structural (size, professionalization, 

cooperation) and environmental (market and governmental pressure) factors that influence the 

investment behavior. 

6.32 Practical contributions 
This research provides valuable information for policy makers. Policy makers can use the strategy-

structure-environment frame to analyze the investment behavior of both individual firms and groups 

of firms. This can provide valuable information on which policies to make, and might prevent situations 

in which companies sigh that the government sets high goals, but that support for concrete projects 

lack, as the manager of Firmx did. This research, for example, suggests that price is a very strong 

strategic reason for firms to invest in resource- and energy-saving technologies. This means that 

policies aimed to reduce the investment cost (e.g. purchase subsidies) or to increase the financial 

benefits of investing (e.g. via higher energy taxes) might have a large effect on the adoption of these 

technologies. Obligations to invest in certain techniques may be needed for firms that are lagging 

behind. However, policy makers should keep in mind that some companies are better able than others 

to invest in these technologies. Small firms, or firms that have no cooperation with relevant actors, for 

example, might experience difficulties with adopting these technologies, because of the time and 

effort it costs to implement it. Easy regulation might be a way to lower the threshold for these 

companies to invest in these technologies. 
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Firms can also use this framework to evaluate their own behavior; managers of the firm can ask 

themselves: how can we increase the investments in resource- and energy-saving technology; should 

we adopt our strategy, or invest in another structure? A small firm, for example can collaborate with 

a larger firm in order to overcome the disadvantages of its small size (like the asphalt factory). The 

framework also provides opportunities for consultancy firms, because it gives the possibility to select 

firms where large energy efficiency potential (e.g. small firms, or firms that have no concrete efficiency 

strategy yet). 

The strategy-structure-environment framework may also be valuable in the societal debate about 

sustainability and Corporate Social Responsibility, because it provides societal actors information 

about the reasons behind the behavior of firms. As such, it can both enhance the dialogue between 

firms and citizens and increase the pressure on firms to invest in resource- and energy-saving 

technologies. 
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7. Conclusion 
The aim of this research was to investigate whether companies invest in resource- and energy-saving 

technologies because of strategic, structural of environmental reasons. In other words; do companies 

invest because they are willing, able or forced to do so? This research found that a firm’s strategy, 

structure and environment all influence the investments of firms in resource- and energy-saving 

technologies. Both the quantitative and the qualitative research show that the strategic factors 

reputation and costs are strong incentives to invest. The organizational capacity, which determines 

how much (technological) changes a company can undergo, varies between companies. The structural 

factor company size highly influences this organizational capacity to change, but the level of 

professionalization of a company and certain collaborations have also an influence. In the quantitative 

analysis, the environmental factors had the weakest effect on the investments, but the interviews give 

reason to believe that governmental and market pressure are strong incentives to invest for certain 

companies. 

Future research should invest more in a better operationalization of certain factors (especially 

openness, hierarchy and market pressure), add new factors (e.g. ownership structure and attitude 

towards sustainability), add control variables (e.g. energy intensity) and search for interplay between 

variables (e.g. between firm size and societal pressure). 
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Appendix 1. Questions from EMS 
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Appendix 2. Calculating the constructs 
Variable Questions included Formula Meaning of 

value 0 
Meaning of 
value 1 

Cronbach’s alpha 

Investments in 
resource- and energy-
saving technologies 
 
Questions 8.1 & 8.2 
EMS 

a) Control system for shut down of machines in off-
peak periods with or without an upgrade since 
2012 

b) Control-automation systems for an energy 
efficient production with or without an upgrade 
since 2012 

c) Technologies for recuperation of kinetic and 
process energy with or without an upgrade since 
2012 

d) Technologies for generation energy\ heat with 
or without an upgrade since 2012 

e) Switching off components, machinery or 
equipment measures to reduce energy 
consumption 

f) Upgrading existing machinery or equipment 
measures to reduce energy consumption 

g) Premature substitution by new machinery or 
equipment measures to reduce energy 
consumption 

((a+b+c+d)+ 
2*(e+f+g))/14 

No 
investments in 
techniques 
and upgrades 

All possible 
investments in 
techniques 
and upgrades 

0,557 

Reputation as reason 
to invest 
 
Question 8.3 & 2 EMS 

a) Strategy energy reason to implement 
sustainable technologies 

b) Strategy heat reason to implement sustainable 
technologies 

c) Competitive factor customization to customer 

((a+b)/2)/c 
 
(a+b)/2 

Reputation is 
no reason to 
invest 

Reputation is 
an important 
reason to 
invest 

0,316 
 
0,500 

Price as reason to 
invest 
 
Question 8.3 & 2EMS 

a) Prices energy reason to implement sustainable 
technologies 

b) Prices heat reason to implement sustainable 
technologies 

d) Competitive factor Product price 

((a+b)/2)/c 
 
(a+b)/2 

Price is no 
reason the 
invest 

Price is an 
important 
reason to 
invest 

0,395 
 
0,555 
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Ideology as reason to 
invest 
 
Question 8.3 EMS 

a) Reduction Co2 energy reason to implement 
sustainable technologies 

b) Reduction Co2 heat reason to implement 
sustainable technologies 

(a+b)/2 Ideology is no 
reason to 
invest 

Ideology is an 
important 
reason to 
invest 

0,519 

Source diversity as 
reason to invest 
 
Question 8.3 EMS 

a) Source diversity energy reason to implement 
sustainable technologies 

b) Source diversity heat reason to implement 
sustainable technologies’ via the formula 

(a+b)/2 
 
a 

Source 
diversity is no 
reason to 
invest 

Source 
diversity is an 
important 
reason to 
invest 

0,184 
 
Not applicable 

Firm size 
 
Question 21 EMS 

a) Firm size a/5 Small firm Large firm Not applicable 

Openness 
 
Question 6.1 EMS 

a) R&D co-operation with customers or suppliers 
b) R&D co-operation with research organizations or 

research entities 
c) Purchasing co-operation 
d) Production co-operation 
e) Sales/ distribution co-operation 
f) Service co-operation 

(a+b+c+d+e+f)/6 No co-
operation 

High co-
operation 

0,620 

Hierarchy 
 
Question 3 EMS 

a) Method of 5S 
b) Standardized and detailed working instruction 
c) Integration of tasks 

(a+b+c)/3 Low hierarchy High hierarchy 0,516 

Position in the supply 
chain 
Question 1.3 EMS 

a) Producer of finished goods for consumers No calculation Producer for 
finished goods 
for consumers 

Producer of 
other things 

Not applicable 

Governmental 
legislation as reason 
to invest 
 
Question 8.3 EMS 

a) Legal regulation energy reason to implement 
sustainable technology  

b) Legal regulation heat reason to implement 
sustainable technology 

(a+b)/2 Governmental 
legislation is 
no reason to 
invest 

Governmental 
legislation is 
an important 
reason to 
invest 

0,677 

Sectoral differences 
 
Question 1.2 EMS 

a) Sector of the firm No calculation Active in other 
industry 

Active in food 
or textile 
industry 

Not applicable 



63 
 

Appendix 3. Descriptive statistics variables 

 

Dependent variable Freq Rel. freq

Investement in R- &EST

Control system 11 6%

Upgrade since 2012 7 4%

Control automation 16 9%

Upgrade since 2012 4 2%

Recuperation of kin 41 23%

Upgrade since 2012 23 13%

Renewable energy 15 8%

Upgrade since 2012 7 4%

Switching off machines 92 52%

Upgrading existing machines 65 37%

Substitution of machines 46 26%

Independent variables Freq Rel. freq

Reasons to implement Reputation_energy 103 58%

Reputation_heat 51 29%

Prices_energy 105 59%

Prices_heat 69 39%

CO2_energy 62 35%

CO2_heat 41 23%

Source div_energy 52 29%

Source div_heat 21 12%

Firm size (# employees) <20 37 21%

20-49 74 42%

50-99 43 24%

100-249 19 11%

>250 4 2%

177 100%

Openness (co-operation) Puchasing 66 37%

Production 78 44%

Sales 68 38%

Service 54 31%

R&D (customer/ suppliers) 66 37%

R&D (researchers) 95 54%

R&D (others) 2 1%

Hierarchy (centralization) Method of 5S 76 43%

Standardize working inst 141 80%

Integration of tasks 133 75%

Position in supply chain End-consumer 28 16%

(producing products for:) Industrial businesses 84 47%

Systems 9 5%

Components 43 24%

Contract 13 7%

177 100%

Governmental pressure Legal reg_energy 100 56%

Legal reg_heat 69 39%

Sector Textile/ food 40 23%

Other sector 135 76%
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Appendix 4. Descriptive statistics constructs 
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Pearson’s correlation between the variables 

 1 2 3 4 5 6 7 8 9 10 11 

1 Total investments 1 0,162* 0,320** 0,068 0,010 0,423** 0,203** 0,275** 0,009 -0,032 0,146 

2 Reputation            . 1 0,051 0,435** 0,201** 0,059 0,180* -0,089 -0,030 -0,042 0,076 

3 Price   1 0,148* 0,182* 0,098 0,046 0,022 0,085 0,048 0,087 

4 Ideology    1 0,396** -0,029 0,090 -0,30 0,034 -0,008 0,130 

5 Source diversity     1 -0,082 0,046 -0,116 -0,009 -0,057 0,038 

6 Firm size      1 0,303** 0,349* -0,107 0,135 0,003 

7 Openness       1 0,256** -0,050 -0,067 0,004 

8 Hierarchy        1 -0,058 0,104 0,024 

9 Position Supply chain         1 -0,052 0,282** 

10 Governmental legislation          1 0,042 

11 Sector           1 

Explanation: * p < ,05; ** p < ,01 
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Appendix 5. Testing assumptions 
1.  Kolmogorov-Smirnov test 

 

 

2. Scatterplot of distribution of residuals 
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3. Plot of expected vs. observed values 

 

4. Residuals statistics table 
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Appendix 6: SPSS-output results 
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Appendix 7: Questions for the interviews (Dutch) 
Introductie 

Korte introductie: Pieter Meijers, 22 jaar, student bedrijfskunde Uni Nijmegen. Onderzoek naar 

factoren die bepalen of bedrijven wel/ niet investeren in energiebesparing. Zowel strategisch als 

bedrijfskenmerken als omgevingsfactoren. Ik heb al geanalyseerd aan de hand van data, maar dan zijn 

veel resultaten nog niet helemaal helder. Bijv.: grote bedrijven investeren vaker en meer dan kleine 

bedrijven, maar waarom? Interviews moeten meer duidelijkheid geven hierover. Stuk of 5 of 7; u bent 

er één van, heel fijn! 

Algemene informatie 

Vertel eens iets over uw bedrijf? 

- Firm size (aantal werknemers, hoe zijn werknemers verdeelt over taken?), wat doet uw bedrijf 

precies? (indien niet duidelijk: expliciet sector vragen), wat onderscheidt u van concurrenten? 

Wat zijn de belangrijkste factoren voor uw concurrentiepositie? positie in keten 

Investeringen 

Heeft uw bedrijf geïnvesteerd in energie efficiency? Zo ja, welke technieken zijn toegepast?  zie 

technieken hiernaast. Schaal van 1-7: hoeveel? In vergelijking met anderen? Als percentage van totale 

investeringen? 

Heeft u zicht op wat potentiële investeringen in energie efficiency zijn. Hoe? Waarom niet? 

Redenen om te investeren 

Waarom hebt u geïnvesteerd in deze technieken? Reputatie, kosten, co2, diversiteit, overheidsbeleid. 

Druk vanuit klanten/ samenleving? 

- Waarom zijn juist deze overwegingen het belangrijkst? 

- Indien meerdere redenen worden genoemd: vraag om een rangschikking.  top 3 

- Indien overheidsbeleid als reden wordt genoemd: vragen of bedrijf het minimale doet. Wat 

vindt u van overheidsbeleid? 

- Is er druk vanuit klanten en/ of samenleving? 

- Indien bedrijf niet/ nauwelijks investeert: wat houdt jullie tegen (specifiek doorvragen naar: 

beperkte kennis van mogelijkheden, geen tijd)? Wat zouden redenen zijn om het juist wel te 

doen? 

Beslisproces: structuur 

Hoe ging het proces van beslissen om te investeren in deze technologie(en) en het daadwerkelijk 

toepassen? 

- Hoe kwam het idee op om te investeren? Eigen werknemers/ management/ derden? 

- Wie nam de beslissing om te gaan investeren? Eigen werknemers/ management/ derden? 

- Waarom hebben werknemers hier wel/ geen grote rol in? 

- Hoe is techniek toegepast? Was dat veel werk en zijn hier derden voor ingehuurd? 

- Versnelt deze manier van werken de toepassing van besparende technieken? 

Samenwerking 
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Werkt u (intensief) samen met andere bedrijven? (meer dan concurrenten)4 Zo ja, op welke gebieden? 

Doet u daar inspiratie op voor energie efficiency?  

- Zo nee, waarom niet? Zijn er geen dingen bij andere die u over kunt nemen ivm te grote 

verschillen? 

- Zo ja, om welke bedrijven en welke technieken gaat dat dan? 

- Zou het helpen als een adviesbureau helpt om uit te zoeken wat de opties zijn en om deze te 

implementeren? 

Afsluiting 

Zijn er nog dingen die u kwijt wilt? 

Uiteraard ga ik vertrouwelijk om met uw gegevens en wordt dit interview geanonimiseerd. U krijgt de 

belangrijkste conclusies van mijn onderzoek t.z.t. opgestuurd. Bedankt voor uw tijd! 
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Appendix 8: not included in this version 
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Appendix 9: Research integrity and consent form 
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