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Abstract 

The development of solutions to environmental problems is of concern to all of 
society. Firms are among the most able problem-solvers of the modern economic 
system. A concern of firms is the development of profitable solutions to 
environmental problems. This thesis investigates to what extent and how firms can 
develop and commercialize profitable solutions to environmental problems. 

Two main studies, one quantitative and one qualitative, as well as a conceptual 
framework are presented. The quantitative study employs a quasi-experimental design 
to estimate the effect on profitability for firms with an environmental orientation. The 
qualitative study develops an interpretative narrative by applying a framework of 
managerial problem-formulation in order to explain the mechanisms facilitating the 
connection between corporate visions and environmental innovations.  

Findings from the quantitative study indicate that small Swedish environmentally 
oriented firms currently are less profitable than comparable non-environmentally 
oriented firms. However, they is also much more variance in the profitability of 
environmentally oriented firms, consistent with the view that many firms that address 
environmental problems are struggling to find a good business model. The findings 
from the qualitative study indicate that firms employing a corporate sustainability 
vision may discover unanticipated and broader applications for old solutions to 
customersÕ problems. The conceptual framework points at that there are four 
fundamental types of strategies that firms can employ to appropriate the value created 
by addressing environmental problems. These are labeled eco-lean, eco-branding, 
eco-lobbyism and eco-transaction design. 

The thesis aims to contribute to the literature on environmental strategy by:  

1) Utilizing a novel (to the field) method to estimate the relation between 
economic and environmental performance, and by analyzing a 
methodologically justified set of new empirical data (very small 
environmentally oriented firms). 

2) Providing an explanation of the organizational mechanisms facilitating the 
connection between corporate sustainability visions and the development of 
environmental innovations. 

3) Presenting a framework of appropriation strategies for capturing 
environmental value that incorporates the previous literature into a coherent 
framework which is consistent with a broader theoretical context (new 
institutional economics). 
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1 Introduction  
Environmental problems are not only a potential driver of new costs for private 

firms; they are also a source of new business opportunities. There are indications that 
business developers in large and small firms intuitively find opportunities for 
environmental innovation promising. Such intuition is also consistent with numerous 
success stories of firms that have managed to address environmental problems at 
considerable profit (e.g. Porter and Van der Linde, 1995b; Holliday et al., 2002; 
Willard, 2002; Esty and Winston, 2006).  

However, according to the traditional neoclassical perspective, improved 
environmental performance increases costs and harms financial performance (e.g. 
Friedman, 1962; McGuire, 1982; cf. Lankoski, 2000). Such a view is based on the 
notion that environmental problems arise because of the existence of social dilemmas, 
and that the addressation of environmental problems inevitably involves the (costly) 
internalization of negative externalities. Value chains, that previously polluted or 
utilized scarce natural resources at an unsustainable rate, would incur increased costs 
by reducing such behavior. Thus, profit-seeking firms should Ð according to this view 
Ð only invest in solving environmental problems if forced to by changes in legislation 
or regulations. On the other hand, there are researchers that argue that the relation 
between economic and environmental performance might in reality be the reverse 
(e.g. Cornell and Shapiro, 1987; Porter and Van der Linde, 1995a; Pava and Krausz; 
1996; Waddock and Graves, 1997; Preston and OÕBannon; 1997). According to that 
perspective, firms can by addressing environmental problems gain revenues through 
improved reputation and also reduce costs through reducing wasted resources. A third 
stream of research reports no or inconclusive findings regarding the relation between 
environmental and economic performance (e.g. Fogler and Nutt, 1975; Anderson and 
Frankle, 1980; Aupperle et al., 1985). More recent research has found that there 
sometimes exists a positive relationship, but that it seems to be highly dependent on 
the context of the particular firm (e.g. Lankoski, 2000; Steger et al, 2004).  

In summary, the literature on the profitability of environmental initiatives by firms 
suggests that the appropriation of the created value is challenging for firms in general, 
but that it is indeed possible for many firms to succeed. 

The starting point of this thesis is that there often exist profitable opportunities for 
firms that are able to address environmental problems, but that the firmÕs ability to 
realize those opportunities is highly dependent on the decisions made by the firmÕs 
managers as well as the firmÕs environment. Much has already been written on the 
topic of environmental policy, i.e. what does and does not constitute suitable 
institutional arrangements for facilitating environmental innovation in countries and 
regions (e.g. Wallace, 1995; Porter and Van der Linde, 1995a; Unruh, 2000; Jaffe et 
al., 2002; Kivimaa, 2008). Arguably, considerably less is known of how the strategic 
management of individual firms may facilitate the appropriation of economic value 
from addressing environmental problems, given the market environment they are in. 
Therefore, this thesis focuses on the firm level and the firmÕs strategic management1. 

                                                
1  Strategic management is here defined as: Ò[É] decisions and actions taken by top executives [É] 

for firms to be competitive in the marketplaceÓ (Nag et al., 2007, p. 946). The study of strategic 
management here refers to ÒDeveloping an explanation of firm performance by understanding the roles 
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The overall aim of the thesis is to contribute towards a description of to what extent 
firms can capture private economic value from addressing environmental problems 
and how strategic management might facilitate that outcome. 

The aim can be broken down into two separate, albeit related parts. The first part 
of the aim is to contribute with data and analysis of to what extent firms that address 
environmental problems are able to profit by doing so. That part of the thesis speaks 
to the literature studying the general relation between environmental and economic 
performance, often labeled as Òthe business case for sustainabilityÓ (cf. Salzmann, 
2005; Steger et al, 2004; Lankoski, 2008). The second part of the aim is to contribute 
towards a description of how strategic management might facilitate firmsÕ ability to 
capture economic value by addressing environmental problems. The thesis considers 
the role of strategic management from two perspectives: the externality oriented and 
the internally oriented perspective. The former considers choices about how the firm 
relates to its environment. Typical issues in this field include the use of environmental 
branding (e.g. Hartman et al., 2005), lobbyism (e.g. Pies et al., 2010) and switching 
from selling a product to a service (e.g. Mont, 2004). The latter perspective considers 
choices about how managers relate to the firmÕs internal organization. Typical issues 
in this field include the use of sustainability visions (e.g. Hart, 1995; 1997) and 
organizational inertia (Williander, 2006).  

Based on the aim, two research questions were developed and have guided the 
research:  

1. RQ1. To what extent are firms that address environmental problems able to 
profit? 

2. RQ2. How can strategic management facilitate the development of 
profitable solutions to environmental problems? 

The intended contribution to the literature on environmental strategy is to add to 
our knowledge of the relation between environmental and economic performance; to 
present an integrated framework of the available strategies for appropriation of 
environmental value that incorporates the previous literature into a coherent 
framework which is consistent with a broader theoretical context; and to explore and 
explain the organizational mechanisms facilitating the relation between sustainability 
visions and the development of environmental innovations. 

The thesis has the following disposition. The next chapter outlines the previous 
research on environmental strategy and a theoretical framework for environmental 
value creation and appropriation, based on a problem-solving perspective of the firm. 
A method chapter outlines the studies underlying the findings in this thesis, including 
also those that were not used in any of the papers but still had some bearing on the 
writing of the thesis. This is followed by a summary of the appended papers. In the 
discussion, the main findings presented in the papers are discussed, answering the 
research questions, and also outlining some implications for practice and further 
research. Three papers are appended.  

                                                                                                                                      
of external and internal environments, positioning and managing within these environments and 
relating competencies and advantages to opportunities within external environmentsÓ (ibid). 
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2 Previous research and theoretical framework  
This chapter describes previous research that relates to when and how firms can 

develop profitable solutions to environmental problems. The previous research is 
described in section 2.1 Environmental strategy. This is followed by a description of 
the key theoretical concepts used in the thesis. Section 2.2 outlines the theoretical 
framework utilized in this thesis. Section 2.3 summarizes the identified research gaps 
in existing literature and puts them in relation to the intended contribution of this 
thesis. 

2.1 Environmental strategy 

Academic researchers have studied the phenomenon of environmental strategy for 
several decades (e.g. Ashford et al, 1979; Runge, 1987; Hart, 1995; Horbach, 2008). 
The literature can broadly be divided into three main focus areas: 1) whether there is a 
general relation between environmental performance2 and economic performance of 
firms; 2) the role of firm strategy and behavior for the development of environmental 
innovations (e.g. Hart, 1995; Sharma and Vredenburg, 1998; Hoffman, 2000; Steger 
et al., 2004); and 3) the role of policy and other institutions for the development of 
environmental innovations (e.g. Wallace, 1995; Porter and Van der Linde, 1995a; 
Unruh, 2000; Jaffe et al., 2002; Kivimaa, 2008). Although the third stream of 
literature could be interpreted in light of potential implications for firm strategy, it is 
the literature in the two first mentioned areas that best share the focus of this thesis. 
The term Ôenvironmental innovationsÕ here refers to realized solutions to valuable 
problems3, or, equivalently, novel combinations of production means to satisfy wants 
(cf. Schumpeter, 1934/2008, pp.65-66). 

The research on the relation between environmental performance and economic 
performance (e.g. Lankoski, 2000; Salzmann et al., 2005) is often referred to as Òthe 
business case for sustainabilityÓ (e.g. Steger et al., 2004). The quantitative research on 
the topic has resulted in conflicting results. Some have found a positive relation (King 
and Lenix, 2001; Preston and OÕBannon, 1997; Moore, 2001), some a negative 
relation (Freedman and Jaggi, 1982; Cordeiro and Sarkis, 1997) and some no relation 
(Levy, 1995; Aupperle et al., 1985). The qualitative research on the topic typically 
describes success stories (e.g. Porter and Van der Linde, 1995b), i.e. positive 
relations, accompanied by various interpretations of what made the environmental 
performance contribute to the profitability of the firm in each particular case. Many 
conceptual arguments, especially neoclassical approaches, suggest a negative relation 
between environmental and economic performance, due to the internalization of 
previously externalized negative effects (Friedman, 1962; Lankoski, 2000). On the 
other hand, much recent research suggests a possible positive relation (see literature 
review of Salzmann et al., 2005; also e.g. Steger et al., 2007), building on arguments 
that tend to be variations of the notion Ôpollution is wasteÕ (e.g. Porter and Van der 

                                                
2 The term environmental performance in the thesis broadly refers to the degree to which a firm 

addresses environmental problems (see section 2.2.1). However, there are a multitude of 
operationalizations utilized in the cited literature in this chapter (see figure 1), which more or less 
loosely captures the term. Although the operationalizations are often problematic, the literature is 
nonetheless deemed relevant to describe and relate the thesis to. In Paper I the term is operationalized 
using Eurostats definition of environmental goods and services. In Papers II and III it is defined as in 
section 2.2.1, by using the three first system conditions of a sustainable society (e.g. Rob•rt et al, 
2002). 

3 See section 2.2.1 for a full discussion and definition of the problem terminology 
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Linde, 1995a). Some have suggested that the relation is best described as an inverted 
U (e.g. Lankoski, 2008), i.e. that there is an optimum level of environmental 
performance. 

What seems certain is that there exist at least some green business opportunities for 
some firms (e.g. Porter and Van der Linde, 1995; Hoffman, 2000; Dunphy et al., 
2002; Esty and Winston, 2006; Carrillo-Hermosilla et al., 2009). The view that at 
least some opportunities exist is also supported by the managerial responses to a 
recent executive survey on sustainability by MIT Sloan Management Review 
(Haanaes et al., 2011), in which 54 percent of the respondents believed that their 
sustainability related actions had added to their firmÕs profitability (Haanaes et al., 
2011). 

A practical difficulty in estimating the relation occurs as neither environmental 
performance nor economic performance is straightforward to measure. This has 
resulted in various measurements being used for both constructs. Another 
complication is the role of contingency factors, such as differences in the business 
models of the studied firms, as well as differences in industry and institutional 
environment. For example, Steger et al. (2004), Steger et al. (2007) and Salzmann et 
al. (2005) all stress the importance of evaluating the business case for sustainability 
on an industry-by-industry basis. Lankoski (2008) predicted that the relationship, for 
any industry, is likely not linear, but rather is best described by an inverted U-shape. 
In other words, that there is an optimal level of environmental performance that each 
firm should find, and that excess environmental performance hurts profitability. 
Figure 1 below illustrates the multitude of approaches employed in the research on the 
relation between economic and environmental performance of firms.  
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Figure 1. Illustration of methodological issues typically considered when 

researching the relation between environmental and economic performance. 

The literature on how firms can actively realize a positive relation between 
economic and environmental performance can in turn be divided into (at least) two 
general areas: 1) what strategies are suitable exploit environmental innovations and 2) 
how firm managers can facilitate environmental innovation in their organizations.  

Some researchers studying strategies suitable for exploiting environmental 
innovations have focused on business models changes that are conducive to exploit 
environmental innovations. For example, the literature on product-service systems 
(e.g. Mont, 2002; Mont 2004; Baines et al., 2007; Roy et al., 2009; Tukker, 2006) 
focuses on how firms can overcome incentive misalignment between actors in the 
case of environmental innovations. The introduction of product-service systems is 
described as a business model innovation in the sense that the firm switches from 
selling a product (or, sometimes, selling only a service) to selling a product-service 
combination. Product-service systems are argued to be able to improve customer 
value and thereby margins, reduce costs as well as reducing environmental impact 
(Baines et al., 2007). This is believed to happen via a redesign of incentives for the 
actors of the value chain, leading to reduced resource consumption, increased 
component recycling and sometimes a change of customer behavior (ibid). Other 
research streams essentially describing the same or very closely related phenomena 
(i.e. product-service systems) include the literature on Ôdemand side managementÕ 
(e.g. Strbac, 2008), Ôchemical management servicesÕ (e.g. Reiskin et al., 1999), 
Ôfunctional salesÕ (e.g. Sundin and Bras, 2005) and ÔservicizingÕ (e.g. Rothenberg, 
2007).  
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There are researchers also studying strategies suitable for exploiting environmental 
innovations that have focused on environmental branding (e.g. Griskevicius et al., 
2010). Environmental branding is successful when communicated information about 
the environmental impact of an offer increases the demand for the offer Ð 
independently of any related customer cost savings or product quality improvements. 
That environmental branding is sometimes successful is clear from, for example, the 
electricity industry. In the electricity industry Ôgreen electricityÕ sometimes command 
a premium price (Roe et al., 2001; Borchers et al., 2007; Ozaki, 2010). Other 
industries which arguably lend themselves to successful environmental branding are 
personal care products, food products and cleaning products (Orsato, 2006; Esty and 
Winston, 2006). Unruh and Ettenson (2010) discuss how firms can succeed at 
environmental branding by promoting their own standards for environmental 
performance, as well as the potential pitfalls of such an approach. However, for most 
industries, it has been argued that environmental branding is only useful as a 
proverbial Ôthird-buttonÕ (Ottman, 1998; Esty and Winston, 2006). In other words, 
that environmental branding should be seen only as a complement to communicating 
more traditional customer values such as quality and price.  

Other researchers also studying strategies suitable for exploiting environmental 
innovations take a starting point in acknowledging the role of economic institutions, 
as is often focused on in the policy related literature. However, in contrast they apply 
that insight to the perspective of the individual firm. For example, Pacheco et al. 
(2010), drawing on Hardin (1968) and Ostrom (1990), argue that in order to profit 
from environmental innovations, firms will often need to form interest groups and 
lobbyist organizations. They need to do this in order to overcome issues related to a 
lack of property rights for environmental goods and to lobby for regulatory changes 
beneficial to environmental innovations. Besides potentially opening up market 
opportunities, such behavior can also be useful to increase the costs of non-green 
competitors (cf. Salop and Scheffman, 1983). Hence, indirectly improving the 
competitive advantage of firms with superior environmental performance. 

In the second literature stream, focusing on the practical and organizational ÔhowÕ 
of facilitating the development of profitable environmentally superior solutions, there 
are also several directions. One argument in this literature is that Ôwhat gets measured 
gets improvedÕ (e.g. Preston, 2001). This often leads to the suggestion of 
implementing environmental management systems, and the use of total quality 
management and lean production philosophies to achieve environmental innovation 
(e.g. Florida, 1996; Melnyk et al., 2003; Simons and Mason, 2003). Other researchers 
have focused on the factors affecting the diffusion of environmental innovations, both 
finding that the innovatorsÕ relations to and use of contacts in the social systems 
receiving the environmental innovation plays an important role for the rate of 
adoption (Halila, 2007; Dieperink et al., 2004). Some researchers have studied the 
role of organizational inertia in relation to environmental innovation (e.g. Williander, 
2006). Williander convincingly argues that there is a need to recognize that firms may 
have difficulty seeing and acting even on comparatively obvious green opportunities.  

Several authors studying how to facilitate environmental innovation in established 
firms have argued that sustainability must be incorporated into the core strategy of the 
firm (e.g. Hoffman, 2000; Epstein, 2008; Hutchinson, 1996; Stead, 1995; Roome, 
1992). Of particular note is the suggested use of corporate vision statements (Hart, 
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1995 and 1997) to achieve environmental innovation. It has been suggested that firms 
should utilize so-called big hairy audacious goals to implement such an integration of 
sustainability into corporate strategy (e.g. Hutchinson, 1996; Werbach, 2009). The 
importance of integrating sustainability into the firmÕs strategy is empirically 
supported by Larson (2000), who describes a case where having clear environmental 
visions and goals facilitated the development of environmental innovations. Figge et 
al. (2002) suggest the use of a sustainability balanced scorecard as a tool to integrate 
the sustainability vision into the firmÕs organization in general and to facilitate the 
development of environmental solutions. There is, however, still a lack of empirical 
research that carefully investigates how the practice of using a corporate 
environmental vision really relates to the development of novel environmental 
innovations in the business units of firms.  

This section has described the research field of environmental strategy. The next 
section outlines a framework for studying the creation and appropriation of 
environmental value by private firms, using a problem-solving perspective of the firm 
(Nickerson and Zenger, 2004). 

2.2 A problem solving perspective on environmental value creation and 
appropriation  

In order to survive in a competitive market, a firm must appropriate economic 
value. Excepting rent-seeking behavior (cf. Krueger, 1974), firms appropriate 
economic value by a two-stage process (Vrandenburger and Stuart, 1996; cf. Lepak et 
al., 2007). The first step is to create value Ð typically for customers. The second step 
is to capture a part of that value Ð typically via revenues. For a firm to profit, the 
captured value needs to be larger than the firmÕs costs of creating the value in the first 
place. The logic of how a firm creates and appropriates economic value by taking 
advantage of an opportunity is typically referred to as the firmÕs business model 
(Bjšrkdahl, 2007; Osterwalder and Pigneur, 2009). A business model is considered 
economically sustainable if it allows a firm to capture more value than it consumes in 
creating that value. Thus, the two prerequisites for designing an economically 
sustainable business model are viable strategies for how the firm may 1) create value 
and 2) appropriate a large enough share of that value to attract the required resources. 
Below, a framework for describing the creation of value from addressing 
environmental problems is outlined (section 2.2.1) followed by a framework for 
describing the appropriation of the created value (section 2.2.2). 

2.2.1 Environmental value creation 

Taking a problem-solving perspective of the firm (Nickerson and Zenger, 2004), 
means taking a view where firms create value by solving problems. A problem is 
defined as a difference between a perceived current state of affairs and an imagined 
preferred future state of affairs (Simon, 1978) as experienced by some subject 
(Landry, 1995), here referred to as the problem-owner4. In addition, it must be 
significant to the involved stakeholders, solvable by some agent, but not trivially so 
by the beneficiary of the problemÕs solution (Agre, 1982). A problem formulation 

                                                
4 N.b., the definition of a problem here excludes SimonÕs (1978) third component: Operators. 

Operators refer to the Ólegal movesÓ in the puzzles that Simon studied. In the context in which the term 
is used here, operators are usually not useful, and can be considered to be implicitly included in the 
preferred state of affairs (i.e. the outcome of breaking certain rules is considered inferior to the current 
state of affairs). 
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consists of an explicit statement of the 1) problem owner, 2) the perceived current 
state of affairs and 3) the preferred state of affairs. The activity of problem 
formulation is the generation of a problem formulation. Arguably, the single most 
important aspect of the problem solving process is formulating the problem because 
this, in large part, determines the subsequent course of action (Lyles, 1981). Although 
the task of problem formulation is critical to managersÕ decision-making 
responsibilities, the reality is that managers rarely fully understand the sources of their 
problems (Pounds, 1969). The theoretical construct of a problem, as well as the 
components of a problem formulation, is illustrated in figure 2 below. 

 
Figure 2. A problem formulation (based on Simon, 1978). 

A problem is solved if the current state of affairs is changed to equal the preferred 
state of affairs, as viewed from the perspective of the subject (i.e. problem owner). In 
most situations, what constitutes a full solution to a problem is contingent on how the 
subject or problem owner chooses to formulate the problem. Thus, quite often the 
distinction between a solved problem and a problem that is merely addressed is 
irrelevant. However, in some situations it is important to acknowledge that the 
problem has only been partly solved. For example, when considering environmental 
problems on a global scale, it is unusual that a single firm could completely solve the 
problem by itself. In such situations, the concept of problem addressation is used to 
denote the partial solving of a problem. A problem is considered addressed when the 
problem is fully or partially solved. In other words, it is addressed when the current 
state of affairs is moved closer to the preferred state of affairs to an extent which is 
considered preferable to the previous state of affairs by the problem-owner. 

A problem-solution combination is considered valuable if the cost of the solution 
is lower than that of the problem (cf. Hsieh et al., 2007)5. A problem is considered 
valuable if it can be used to construct a valuable problem-solution combination. If a 
valuable problem-solution combination is addressed, value is created. Thus, by 
definition, a prerequisite for a profitable business model is the existence of a valuable 
problemÐsolution combination. If there are environmental problems that are likely to 
have considerable larger negative effects over time than the cost of their solutions, 
there should be significant potential for opportunities for firms that can solve such 
environmental problems.  

In this thesis, environmental problems are defined as the set of problems in which 
the preferred state of affairs involves the preservation of the suitability of the natural 
environment (cf. Johnson et al., 1997) for future human needs. Thus the perspective 

                                                
5 Note that this definition does not assume that the problem solver must necessarily be able to make 

a profit by solving the problem. Only that the created value of solving the problem is larger than the 
cost of solving it. It is thus slightly different from Hsieh et al. (2007)Õs definition of a Òvaluable-
solution pairÓ as equivalent to an entrepreneurial opportunity (Shane and Venkataraman, 2000); i.e. a 
situation which allows the entrepreneur to profit by solving the problem. 
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used here is anthropocentric in the same sense as for example the Brundtland 
commissionÕs definition of sustainable development (United Nations, 1987). The 
preferred state of affairs for an environmental problem are the necessary conditions of 
an environmentally sustainable society, for example operationalized (Paper III) as the 
first three system conditions of The Natural Step (e.g. Rob•rt et al., 2000; Holmberg, 
1995)6.  

There exist valuable problems in the set of environmental problems if there exists 
several environmental situations that are costly and that could be solved at a lower 
cost than the status quo would bring, but not trivially so by their beneficiaries. Some 
such problems do exist, as is exemplified in Paper II. This means that the first 
prerequisite for economically sustainable business models for firms that address 
environmental problems is in place: i.e. that firms can create value by addressing 
some environmental problems.  

2.2.2 Value appropriation for environmental problems 

The second prerequisite for an economically sustainable business model is that 
there exists a way for the firm to appropriate a large enough share of the created 
value. Perhaps the main challenge in achieving this is caused by that many 
environmental problems can be represented as social dilemmas, or social dilemma 
problems. A social dilemma is a situation in which Òindividuals in interdependent 
situations face choices in which the maximization of short-term self-interest yields 
outcomes leaving all participants worse off than feasible alternatives.Ó (Ostrom, 1998, 
p. 1) Because the problem-owner of social dilemma problems is the ÔcollectiveÕ, i.e. 
the sum of the involved actors, there is no individual actor that has the incentives to 
solve the problem as long as the situation shares the pay-off structure of a social 
dilemma Ð even if the environmental problem is a valuable problem (cf. Dawes, 
1980). Hence, in social dilemmas situations, valuable environmental problems, even 
those properly formulated, may not be perceived as opportunities by individual firms.  

When a valuable environmental problem can be represented as a social dilemma 
problem, appropriation of the created value can be difficult for the firm addressing the 
problem. Value appropriation refers to the act of capturing value generated by a 
solution or addressation of a problem. Thus, a firm might be creating more value by 
changing its offers or operations in order to address an environmental problem, but 
still capture less value than otherwise because the created value is diffused among 
problem-owners the firm captures no revenues form, such as the general public or 
future generations. This is illustrated in figure 3 below, which is an adaptation of the 
description of value appropriation in a value chain by Brandenburger and Stuart 
(1996). The first column is from Brandenburger and StuartÕs paper. The second 
column includes an additional level on top of their model. It is added here to illustrate 
the potential appropriation issue when addressing social dilemma problems. In a 
situation where the customer is the only problem-owner of the problem addressed by 
the selling firm, the total value created corresponds to the highest amount of exchange 
value (typically measured as money) that the buyer would be willing to pay. When 
there is a consumer surplus, the price is lower than the willingness-to-pay, as 

                                                
6 ÒIn order for society to be sustainable, natureÕs functions and diversity are not systematically 

subject to: I. increasing concentrations of substances extracted from the Earth's crust; II. increasing 
concentrations of substances produced by society; III. physical impoverishment by over-harvesting or 
other forms of ecosystem manipulationÓ (Rob•rt et al., 2002, pp. 198-199) 
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indicated in the figure. The cost corresponds to what the firm has to pay its suppliers 
(including employees) in order to realize the addressation of the customersÕ problem. 
In the right hand column, some of the created value is captured by actors external to 
the transaction between the firm and its customers, denoted as value captured by the 
collective. 

 
Figure 3. Illustration of the difficulty with value appropriation when addressing 

environmental problems that can be represented as social dilemmas. (Adaptation of 
figure 2 in Brandenburger and Stuart, 1996, p. 10). 

Viewed from the perspective illustrated in figure 3 above, the core issue of 
environmental strategy becomes not only how to increase the value the firm creates, 
but more importantly how to increase the value that the firm appropriates. This can be 
achieved by reducing the ratio of the created value that is captured by the collective; 
in other words, by reducing the spillovers. 

The concept of spillovers is often used in the literature on private appropriation of 
economic value, typically in relation to intellectual property strategy (e.g. Teece, 
1986; Audretsch and Feldman, 1996). Spillovers are an issue in intellectual property 
strategy because (shared) knowledge has the properties of a public good, implying 
that the collective captures most of the value. In the case of knowledge, spillovers 
thus imply a social dilemma. The dilemma is that if knowledge can be used by 
anyone, it becomes difficult to appropriate economic value from it due to competition. 
Hence individual actors are not incentivized to create new knowledge. This is to the 
detriment of everyone (assuming that knowledge creation is desirable). Because the 
intellectual property strategy literature deals with issues of spillovers, which is tightly 
connected to social dilemmas, it is of relevance to this thesis. 

 The most cited paper to date on intellectual property strategy was written by Teece 
(1986) in which he defines an appropriability regime: ÒA regime of appropriability 
refers to the environmental factors, excluding firm and market structure, that govern 
an innovator's ability to capture the profits generated by an innovation. The most 
important dimensions of such a regime are the nature of the technology, and the 
efficacy of legal mechanisms of protectionÓ (p.287). Teece wrote this paper in the 
eighties, a handful of years before the field of new institutional economics really took 
off in the academic discourse on economics and firm strategy. Thus, it is not 
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surprising that he chose to consider a firmÕs strategies for minimizing spillovers 
primarily in terms of complementary assets, to the exclusion of other institutions than 
the patent system. However, there are also other types of institutions that ensure 
cooperation (i.e. resolve social dilemmas, for example by reducing spillovers) in an 
economic system. The concept of institutions is used in several parts of this thesis (in 
particular in Paper II and in chapter 6). 

The term ÔinstitutionsÕ has been referred to Òthe rules of the gameÓ (North, 1990, p. 
3). Further, it has been argued that institutions serve as meta-solutions to social 
dilemmas in that they change the pay-offs of social dilemma games (Ostrom, 1990). 
Williamson (2000) provides a breakdown of the concept into four levels in a paper 
providing an overview of the field of new institutional economics. The notion of 
institutions as meta-solutions to social dilemma problems is quite useful when 
discussing the appropriation of value by firms that address environmental problems. 
In particular the four levels proposed by Williamson (2000) are the basis for the 
derivation of appropriation strategies for environmental solutions put forward in this 
thesis (see Paper II, also chapter 5). 

2.3 Research gap 

The environmental strategy literature emerged in the late seventies, and has grown 
significantly during the last two decades. It now covers a wide array of topics. A 
primary question is whether and to what extent firms can combine environmental and 
economic performance. However, the research has thus far been inconclusive because 
of conflicting findings. For example King and Lenix (2001) found a positive relation, 
Cordeiro and Sarkis, (1997) found a negative relation and Levy (1995) found no 
relation. Repeated calls have been made for both further theory explaining the casual 
mechanisms behind the variation in the relation (Ullman, 1985; Arag—n-Correa and 
Sharma, 2003; McWilliams and Siegel, 2001; Rowley and Berman, 2000; Schaltegger 
and Synnestvedt, 2002 and Lankoski, 2008) and for more empirical research to better 
take into account the differences between institutional settings (Salzmann et al., 2005; 
Steger et al., 2004). This thesis aims to contribute towards an addressation of the 
methodological issue by employing a novel (to the field) research design, and by 
analyzing a methodologically justified set of new data (very small environmentally 
oriented firms).  

Also, the environmental strategy literature asks how a firm can be managed in 
order to combine environmental performance with economic performance. Some of 
the environmental strategy research described has been primarily internally focused, 
and includes notions such as the natural resource-based view of the firm, lean is green 
and the importance of a clear and internally oriented sustainability leadership. The 
latter example includes the recognition of the importance of sustainability visions in 
firms (e.g. Hart, 1995; 1997). However, previous research has thus far not explored 
the practical effects of sustainability visions in detail. This thesis aims at addressing 
the last issue by leveraging the concept of managerial problem-formulation to explain 
the organizational mechanisms that facilitate the relation between sustainability 
visions and the development of environmental innovations.  

Numerous publications have convincingly argued that there exist several strategies 
how the firm relates to its environment that enable firms to profit by improving their 
environmental performance. Suggestions include, for example, the use of 
environmental branding and eco-labels, changing towards a more service oriented 
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business model, the implementation of functional procurement such as chemical 
management services, and the use of alliances and even lobbyism. A noteworthy gap 
is that a consistent framework that connects the various strategies is lacking. In 
addition, although literature implicitly discusses issues with capturing the 
environmental value created, there is a lack of explicit utilization of the existing 
research on value appropriation (e.g. Teece, 1986; Bjšrkdahl, 2007). This thesis aims 
at addressing the lack of a coherent framework for appropriation strategies for 
capturing environmental value by utilizing the concepts of value appropriation and 
institutional solutions to social dilemmas in discussing environmental strategy. 
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3 Method 
This chapter describes the empirical studies and some methodological assumptions 

underlying the claims presented in the thesis. The chapter begins with a short 
reflection on the research journey leading up to the thesis. This is followed by a 
description of the two main empirical studies, and a brief description of some other 
studies which indirectly have influenced the thesis. The two main studies described 
are directly related to Paper III and Paper I respectively. The chapter ends with a 
description of the meta-theoretical and methodological points of departure that best 
describe the approach chosen in this thesis and a brief discussion of the reliability and 
validity of the methods employed. 

3.1 The research process  

This thesis is not, and is not intended to be, a chronologically ordered story of the 
research behind the findings. However, the historical details of how research develops 
may sometimes have implications on the type and quality of the results eventually 
presented. The path from starting my research to writing this thesis was a crooked 
one, and has some such implications. These are briefly described here.  

The first study was conducted in 2009 and the last in 2011. In between there were 
at least four minor empirical studies as well as an extensive study of the literature. 
These in-between studies eventually became the primary enablers of Paper II. It is 
perhaps not surprising that the focus of the studies also shifted somewhat as a deeper 
understanding was developed. Consequently, it was not an altogether easy task to 
create the synthesis presented in this document. One particular challenge in 
synthesizing the findings was that the unit of analysis differs to some extent between 
the two main studies. In Study 1, the focus was on internally aimed activities of 
managers of large corporations. In Study 2, the focus was on small firmsÕ strategic 
behavior and externally measurable attributes such as profits. This division can to 
some extent be traced in the formulation of the research questions, of which the first 
essentially black-boxes the firm, whereas the second is concerned with the actions of 
a tier of individuals within the firm (i.e. top managers). That being said, a firmÕs 
ability to profitably develop and commercialize solutions to environmental problems 
is determined by both internal and external factors. Thus, the divided unit of analysis 
of the thesis could carry some merit from the perspective of producing relevant and 
managerially useful knowledge. For example, in the discussion in (section 5.2) it 
becomes clear that a complete answer to Research question 2 must include both an 
organizational perspective and the perspective of how the firm relates to its 
environment. Further, a hint of potential future integration of the two perspectives can 
also be seen in the discussion of future research (section 5.3). 

3.2 Study 1 Ð Managing Green Innovation 

Study 1 was designed as a multiple-case study with the purpose of exploring how 
large firms integrated environmental considerations in their innovation related 
activities. The design was chosen as the phenomenon and context was considered 
poorly understood (Miles and Huberman, 1984/1994). The study was performed in 
2008 and 2009, by four people: Sofia Bšrjesson, Marie Elmquist, Thomas Hordern 
and Marcus Linder. Three firms were sampled based on their multinational presence 
and that they used technology for differentiation. Though the sampling can best be 
described as convenience sampling, it should be noted that none of the contacted 
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firms refused to participate in the study, even when no prior relation was established 
(in fact, they all seemed quite eager to participate). The sample consisted of Tetra Pak 
AB (five interviews), Axis Communications AB (seven interviews) and Bearing Co 
(nine interviews). 

Only qualitative data was collected in the study. The data was collected via 
initially unstructured and later semi-structured interviews, each lasting between one 
and two hours. The interviews were conducted with a mix of senior managers (e.g. 
chief technology officer, director of innovation, director of R&D) and managers more 
directly involved in the development of specific new offers (e.g. engineering 
manager, product development manager, business development manager). All 
interviews where conducted by two researchers and recorded. Most interviews, 
especially the interviews later utilized for Paper III, were also transcribed. There were 
also a number of documents analyzed, such as marketing material and annual reports 
(Paper III). 

The data was first analyzed using a thematic coding (Flick, 1998/2009) in which 
the field notes from each interview were coded and clustered according to theoretical 
themes. The results from this analysis were presented at a conference in Brisbane, 
Australia (Hordern and Linder, 2008). However, that paper is not included in the 
thesis. For Paper III, the data from one of the firms (anonymized) was analyzed 
according to what Miles and Huberman (1982/1992) refers to a pre-structured case. A 
pre-structured case analysis means that a chronological narrative was constructed of 
the studied events for the development of one particular group of offers using the 
theoretical concepts of problem formulation and solving. This narrative was then 
tested against respondents in a follow-up interview. The findings from this part of the 
study are presented in Paper II. 

3.3 Study 2 Ð Value creation and appropriation in the cleantech sector 

Study 2 was designed as a cross-sectional study with the purpose of comparing the 
profitability of firms with an environmental orientation with other firms and each 
other. I designed and performed this study own my own7, except for the data-analysis 
presented in Paper I with which I had the help of Daniel Ljungberg. The cross-
sectional design was chosen to increase the chances of having generalizable findings. 
Many previous studies of the relation between economic and environmental 
performance have focused on large firms. They have thus utilized various 
methodological techniques to find the small (miniscule?) part of a large firmÕs 
economic performance than is directly related to its environmental performance. For 
example, Lankoski (2000) collected data on individual plants (at the cost of sample 
size) and King and Lenox (2001) used multiple regression to estimate a (very small) 
effect size and controlling for a range of other factors. Study 1 instead focused on 
very small environmentally oriented firms, often with a single, comparatively ÔgreenÕ, 
offer. The methodological justification being that because of their small size, their 
environmental orientation is likely to apply to a much larger share of the firms 
activities. Thus, if an effect on economic performance from environmental orientation 
exists, it should correspond to a larger measurable effect for small environmentally 
oriented firms. 

                                                
7 With helpful feedback from my supervisors and several generous early trial respondents from 

academia and industry. 
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The firms with an environmental orientation were selected based on a public 
database (Swentec.se, 2011-05-01). The Swentec database is in turn a subset of the 
firms in Statistics SwedenÕs environmental and economic accounts, which lists firms 
that match the OECD (1999) and EurostatÕs definition of environmental goods and 
services8. Statistics Sweden has identified these firms since the year 2000 via NACE-
codes, free form searches of public databases (e.g. Yellow pages) and industry fairs. 
The subset of firms in the Swentec database includes only firms that are active in the 
following technology fields: Air pollution control, Bioenergy and biofuels, Cooling 
technology, District heating, Energy efficiency, Energy storage and hybrid systems, 
Environmental- consultants- training and information, Heat pumps, Hydro power, 
Marine technologies, Material technology, Noise protection, Soil remediation, Solar 
energy technology, Sustainable building, Systems- engineering- control- engineering 
and monitoring, Transportation, Waste management and recycling, Water and 
wastewater treatment, Wave power, Wind energy technology.  

For Paper I, 155 firms of a total of 901 firms with an environmental orientation in 
the Swentec database were selected, based on the following criteria:  

¥ no holding companies 
¥ only still active firms (as of June 2011) 
¥ only limited companies (Swedish ÒAktiebolagÓ) 
¥ last yearÕs number of employees (two to nine) 
¥ turnover (less than 100 MSEK) 
¥ age of the firms (less than 30 years) 
¥ only firms that reported a profit-statement for 2009 and 2008 (last two years of 

comparison). 

 A set of comparison firms was sampled from the population of all Swedish firms. 
These were initially filtered in the same way as the cleantech firms. 

To further control for differences stemming from contingency factors, such as 
industry differences, a comparison was sampled from the full non-environmentally 
oriented population of firms. To create the comparison group the matching estimators 
developed by Abadie et al. (2004) and Abadie and Imbens (2006) were used. The 
matching estimators match each environmentally oriented firm with similar normal 
firms on a set of specified characteristics (age, employees, turnover, industry 
classification) in order to estimate the average effect of belonging to the 
environmental orientation group on the expected profitability. The data collected for 
Paper I was accounting data and industry classifications. Accounting data was 
retrieved from a provider called AffŠrsData. The industry classifications according to 
NACE were retrieved from Retriever Bolagsinfo. Data analysis was performed using 
the test for average treatment effect for the treated (ATT) in (Abadie et al., 2004) and 
LeveneÕs equality of variances test (Levene, 1960; Brown and Forsythe, 1974).  

There was also a second set of data collected in Study 2 Ð survey data. The survey 
was designed in order to investigate how the environmentally oriented firms 
leveraged their environmental performance in order to create and appropriate value 
from their customers. The survey was administered as a web survey. Invitations were 

                                                
8 "The environmental goods and services industry consists of activities which produce goods and 

services to measure, prevent, limit, minimize or correct environmental damage to water, air, and soil as 
well as problems related to waste, noise and eco-systems. This includes cleaner technologies, products 
and services which reduce environmental risk and minimize pollution and resource use." 
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sent out via email to the general managers (or, for larger firms marketing managers) 
of 469 firms in SwentecÕs database, based on the following criteria:  

¥ no holding companies 
¥ only still active firms (as of June 2011) 
¥ last yearÕs number of employees (1 to 500).  

Of the 469 firms 166 provided complete answers, yielding a response rate of 
approximately 35 percent. Another 40 respondents provided incomplete answers. 

The survey constructs were based on the four appropriation strategies developed in 
Paper II, with some of them divided into two sub-constructs9 to make them easier to 
operationalize and measure. Each construct in the survey was measured by three items 
with answers in the form of Likert scales. A follow-up question was asked for each 
construct on whether respondents would consider doing more of that in the future. 

As of yet, no statistical analysis has been performed on the survey data in Study 2. 

3.4 Other studies 

In parallel with Study 1 and Study 2 a few other studies were conducted, although 
none of them has hitherto resulted in a research paper.10 However, they have 
undoubtedly influenced the general understanding of the topic of the thesis. This is 
especially true for Paper II, which brings together insights from many different points 
of view. Below, the studies are briefly described. 

Connect VŠst. During 2009 and 2010, a series of unstructured interviews were 
performed with the CEO of Connect VŠst with the purpose of study the challenges 
and opportunities of integrating sustainability concerns in an established organization. 
In the study, we followed the CEOÕs attempts to create a growth acceleration program 
for small businesses. The program was to be based on insights from the literature on 
sustainable development and the tools from The Natural Step (Holmberg and Rob•rt, 
2000). The longitudinal case study followed the CEOÕs advances and obstacles in 
creating this program over the course of over a year. The program was unfortunately 
never realized because of difficulties in acquire the necessary resources and 
challenges in aligning the program with the mission of the hosting organization. The 
study was performed together with PhD student Thomas Hordern. 

Gšteborg Energi AB. During 2009, a case study was conducted at a local utility 
firm: Gšteborg Energi AB together with Sofia Bšrjesson. The study explored the 
possible impact of the sustainability policy of the firmÕs owners on the development 
of environmental innovations. Findings suggested that the verbal and active support 
of the CEO, enabled by the support from the owners, had facilitated the development 
of an environmentally differentiated product-service system (Mont, 2004) solution. 
The solution, a guaranteed-temperature offer, which had faced internal resistance 
because it threatened to cannibalize existing revenue flows, would likely not have 
been developed except for the sustainability policy cascaded downwards via the CEO. 

                                                
9 Eco-lean was divided into customer savings, customer perception of quality and internal savings; 

eco-lobbyism was divided into lobbyism for increased customer benefits and lobbyism for reduced 
customer costs; some questions were added regarding providing environmental knowledge and 
environmental monitoring to customers and common problems the firms had faced in marketing their 
environmentally oriented offers. 

10 N.b. no claims of findings made in the thesis (i.e. in chapter 5) are derived directly from these 
studies. However, some examples of observations from these studies are mentioned where relevant. 
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A takeaway from this study with bearing on the thesis was the realization that 
sustainability visions might be important for enabling the development of 
environmental innovations.  

Greenwash definitions. During 2009, a search for definitions of ÒgreenwashÓ was 
made exploring the academic literature and encyclopedias and major environmental 
NGOs. In total 37 definitions were collected. The definitions were described and 
grouped into two major categories in a CBI working paper (Linder, 2010). The paper 
argues that one of the two categories of greenwash definitions can, if applied 
stringently, be detrimental to the greening of industry. The reason being that those 
definitions focus on the amount of effort (i.e. resources, costs) put into the actual 
improvements of environmental performance, rather than the environmental outcome 
of the change made. Thus, for example the case described in Paper II would be 
described as greenwashing. However, as is argued in Paper II, from an innovation 
management perspective, it is problematic to discount the importance of problem 
formulation in the development of any innovation, thus also environmental 
innovations. This study I did alone. 

Problem-formulation experiment. In the fall of 2009, an experimental test was 
conducted to test the communicative validity of the term problem-solution pair as 
equaling entrepreneurial opportunities (Hsieh et al., 2007). The test was designed 
using the Asian disease experiment by Tversky and Kahneman (1986) as a template, 
with the wording rephrased to correspond to opportunities/problem terminology and 
context. Thus, a short text describing a business decision was formulated and copied 
to two sheets of paper. On one paper the words ÒopportunityÓ and ÒchangeÓ were 
switched to ÒproblemÓ and ÒsolutionÓ. Two groups of students were asked to answer 
which of two strategic alternatives they thought a firm should pursue, with the only 
difference between the options being the variance in outcomes (to model risk-
aversion). One of the groups got the version with the opportunity terminology and one 
with the problem terminology. As predicted from my interpretation of the literature on 
loss-aversion (Tversky and Kahneman, 1991), the students that received the problem 
terminology version expressed considerably (and statistically significantly) more risk-
seeking behavior than the other group. A takeaway from this study was that although 
sustainability visions (or parts thereof) can be theoretically interpreted as instances of 
problem-formulations, whether or not they are presented as such internally could 
determine what type of actions they induce in the organization. This study I carried 
out by myself. 

3.5 The quality  of the research 

In order to evaluate the quality of a piece of research, one must first determine the 
criteria for what constitutes knowledge (epistemology) and what fundamentally 
characterizes the phenomena the that are described by the research (ontology). 
Section 3.5.1 describes the perspective taken on those issues in the thesis. In addition, 
a discussion of potential issues with the reliability and validity of the presented 
research is provided in section 3.5.2. 

3.5.1 Meta-theoretical reflections 

Ontologically, the thesis takes a realist perspective (Smith, 1998), assuming that 
there are real phenomena which exist independently of the subjects that observe the 
phenomena. Such a perspective is implicit in the acknowledgement of the causes of 
environmental problems as real phenomena that exist independently of observers.  
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However, the thesis also assumes that it is only through observation, which is by 
definition performed by a subject, that a phenomenon becomes relevant. This latter 
point has bearing on the choice of theoretical framework. In particular, in the theory 
of problem solving, which is used to explain how firms create value, it is explicitly 
stated that a problem representation requires a subject (i.e. the problem-owner) to be 
defined (e.g. Landry, 1995).  

While acknowledging that observations are subjective, i.e. dependent both on the 
nature of the observed phenomenon and the observer, the aim of this thesis is to make 
statements about observations that are as inter-subjective as possible. The term inter-
subjective here refers to that many subjects would describe observations similarly 
when experiencing the same phenomenon, and is thus tightly linked to the issue of the 
generalizability of the findings. The realist perspective used here does fit a textbook 
description of the critical realist perspective (e.g. Bryman and Bell, 2007; e.g. Smith, 
1998; Bhaskar, 1989). However, while the term might help the reader put a label on 
the ontological perspective in this thesis, it should be noted that the thesis does not 
explicitly utilize any of the methods commonly associated with that perspective in the 
academic literature, such as actively distinguishing between different ontological 
levels of reality (e.g. Barley, 1986). Although Chapter 2 (and Paper II) makes some 
reference to literature making ontological assumptions of rational choice of economic 
actors (e.g. Hardin, 1968; Axelrod, 1984), this thesis is not in any way dependent on 
assumptions of rationality.11 

Another relevant issue when evaluating research is the epistemological 
perspective, i.e. the view taken of what constitutes knowledge and theoretical 
contributions. The epistemological perspective used in the thesis is primarily built on 
an instrumentalism perspective, popularized by Friedman (1953). Friedman argued 
that the useful parts of a theoretical contribution can be divided into two parts: 1) 
predictions about what observations other subjects will make studying the same 
phenomenon and 2) a classification scheme, i.e. a terminology for ordering 
observations. It is the former which is the ultimate goal of a scientific theory in 
FriedmanÕs perspective. However, the latter is often a necessary first step for theory 
development. In this thesis Papers I and III can be considered to contribute with 
predictions about future observations, whereas Paper II primarily contributes by 
providing a classification scheme.  

3.5.2 Reliability and validity  

Reliability refers to whether other researchers would make similar observations if 
they performed similar studies. The term is most easily applicable to quantitative 
research (Bryman and Bell, 2007) and thus to the claims based on Study 2 in this 
thesis. The thesis, including Paper I, clearly specifies the sampling and selection 
criteria for the firms, as well as using well-known statistical techniques. 
Consequently, the reliability of the claims based on Study 2 should be considered 
fairly strong. As for the claims based on Study 1, which is a qualitative study, the 

                                                
11 After all, if all firms were perfectly rational profit-maximizers, there would be no opportunities 

for firms to profit . The rationality assumption used in some references is in the thesis mediated by 
taking into primarily building on a Òbehavioral approach to rational choice theoriesÓ (Ostrom, 1998, 
p.1). In essence, surviving firms have a tendency to behave rationally under competitive pressure (cf. 
Nelson and Winter, 1982) but the rationality of individual actors is both bounded (Simon, 1991) and 
sometimes even predictably irrational (Ostrom, 2000). The prevalence of predictable irrationality in the 
context of this thesis is also highlighted in the problem-formulation experiment (section 3.4 above). 
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term reliability becomes somewhat difficult to interpret. One could claim reliability 
by pointing out that the data collection for the specific case is well described (see 
Paper III).  

Validity here refers to the soundness of the presented reasoning, but is more useful 
as a methodological construct when divided into more specific terms. The discussion 
here is limited to external validity, internal validity and construct validity.  

External validity refers to the applicability of the findings to other cases than those 
studied; i.e. generalizability. For claims based on Study 1, to the small extent that 
generalized claims are made, this is achieved through leveraging existing theories on 
problem formulation and innovation (see Paper III) that have been shown to be 
generally applicable in previous research. One might refer to this practice as 
analytical generalization (Yin, 2009). For claims derived from Study 2, the question 
becomes: is the sample of small environmentally oriented firms representative for 
other groups of small environmentally oriented firms? It is always difficult to 
generalize economic findings between institutional settings. That being said, the 
sampling of firms was based on OECDÕs (1999) definition of environmental goods 
and services, lending a degree of comparability to corresponding parts of the 
population of firms matching that definition which reside in other countries. To the 
extent that the Swedish cleantech industry is similar to those of other countries, the 
findings should be considered externally valid.  

Internal validity here refers to the soundness of the arguments made regarding 
causal relations between variables. For Research question 1 (To what extent are firms 
that address environmental problems able to profit?) a very tentative claim of 
causality is made that an environmental orientation tends to decrease the average 
profits of very small firms. This claim is made only with great caution and several 
caveats, as always with inferences based on observational data. The internal validity 
is supported by the quasi-experimental design utilized in Paper I. For Research 
question 2 (How the strategic management of a firm facilitate the development of 
profitable solutions to environmental problems?), a causal claim is made that 
sustainability visions can cause the development of environmental innovations from 
old solutions. This is based on Study 1 and presented in detail in Paper III. The claim 
of causality is supported by noting that 1) the vision preceded the offers, 2) the offer 
and the vision were related and interacted and 3) we failed to verify any alternative 
explanations fully causing the effect. 

Construct validity here refers to the degree to which measurements correspond to 
the intended theoretical constructs. For example, the environmentally oriented firms 
were selected from a database based on OECDÕs (1999) definition of environmental 
goods and services in order to ensure construct validity (as well as parsimony with 
previous literature). Construct validity is also central to the relevance of the results 
from the survey in Study 2, though the results are not analyzed in this thesis.12 One 
potential issue with construct validity in this thesis stems from the fact that the term 
problem, solution and problem formulation were occasionally used in the final 
interview of Study 1 to verify the pre-structured case. The cause for concern stems 
from the results of the experimental study (reported in ÒOther studiesÓ above) 
indicated that people tend to perceive the problem-solution terminology differently 

                                                
12 In the survey in Study 2, the items were constructed to measure each theoretical construct and a 

CronbachÕs alpha was calculated to give an indication of the quality of the combined measurement. 
The measures ranged from approximately 0.6 to 0.8. 
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from the theoretical usage of the terms. However, this was considered in the analysis 
of the transcript of the interview, and no apparent issues or potential 
misunderstandings were discovered  



 21 

4 Summary of appended papers 
This chapter summarizes the papers appended to this thesis. 

4.1 Paper I Ð Environmental Orientation and Economic Performance: 
Are there Green Opportunities for Small Firms? 

The paper contributes to the literature on the relation between environmental and 
economic performance (e.g. Salzmann et al., 2005). It does so by applying a method 
of data analysis novel to the application, and by utilizing a new set of empirical data 
consisting of very small firms, clearly differentiated by their environmental 
orientation. The results presented in the paper indicate that small firms with an 
environmental orientation have a lower expected 4-year average profitability. The 
results also indicate that firms with an environmental orientation are considerably 
more diversified in their profit-levels than their normal equals. The paper concludes 
that there exist opportunities for small environmental oriented firms but that 
successfully capturing them is a strategically challenging endeavor. 

By quantitatively estimating the effect of environmental orientation on accounting 
profit for small Swedish firms, the paper presents a measure of how environmental 
differentiated firms perform in relation to normal firms. The paper employs a quasi-
experimental design in which a control group of normal firms is created from the set 
of all small Swedish firms, so that the firms in the control group are the nearest 
neighbors to their environmentally differentiated peers. The data draws on 155 
Swedish small cleantech firms (2-9 employees). 

A contribution of the paper is that it avoids the issue that environmental 
performance often only applies to parts or divisions of a larger firm, making effect 
sizes difficult to estimate. Instead, the paper focuses on very small firms (two to nine 
employees) for which the environmental orientation can be assumed to apply more 
generally to the firm. The benefit of focusing only on very small firms, compared to 
researchers whom have tried to study only the affected parts of larger firms Ð such as 
a specific plant (e.g. Lankoski, 2000), was that the paper could present a larger 
number of observations, improving the significance of the statistical tests. 

4.2  Paper II Ð A problem-solving perspective on strategies for 
appropriating environmental value Ð some implications from 
considering institutional solutions to social dilemmas 

This paper is a conceptual paper and derives a theoretical framework for the types 
of appropriation strategies available to firms that address environmental problems. 
The starting point is that a profitable environmental innovation has two necessary 
prerequisites: that the firm can devise a business model for 1) the creation and 2) the 
appropriation of value by addressing an environmental problem. Based on a problem 
solving perspective of the firm (Nickerson and Zenger, 2004; Hsieh et al., 2007), the 
paper describes several valuable environmental problems that fulfill the first 
prerequisite. The paper then discusses why the second prerequisite, the issue of value 
appropriation, is difficult for firms by drawing on the literature on social dilemmas. 
By leveraging the idea that economic institutions can serve as meta-solutions to social 
dilemmas (Ostrom, 1990), the paper uses a well-cited typology of institutions 
(Williamson, 2000) to derive four generic appropriation strategies available to firms. 
These were labeled eco-lean, eco-branding, eco-lobbyism and eco-transaction design. 
These four appropriation strategies constitute the framework presented in the paper. 
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The paper contributes to the literature on environmental strategy in compiling and 
putting names to several types of appropriation strategies that are available to firms 
with the capability to address environmental problems. The presented framework has 
managerial implications in the sense that managers could with the support of such a 
framework ÒseeÓ appropriation strategies when considering the business case for 
addressing a particular environmental problem. In contrast to many other lists of 
clever environmental innovations, which have tended to be more or less arbitrarily 
ordered lists of business benefits reported from various firms, the appropriation 
strategies presented in this paper are derived from more general social science 
theories, such as new institutional economics, a problem-solving perspective of the 
firm and the study of social dilemmas. Hopefully, that will increase its parsimony 
with more generally applicable models of firm behavior and strategic management, as 
well as increase the likelihood that the appropriation strategies are inclusive of the 
whole phenomenon of firm appropriation of environmental value.  

4.3 Paper III Ð Formulating problems for commercializing new 
technologies: The case of environmental innovation 

This paper explores the role of managerial formulation of environmental problems 
for the commercializing of new technologies. By utilizing a problem-solving 
perspective on strategic management, it shows that there are two ways that so-called 
environmental, profitable innovations for firms can be developed. The first way, 
which is well established and which only is discussed briefly in the paper, is to 
develop novel solutions to already well-formulated environmental problems. The 
second viable way, as illustrated in this paper, is to formulate environmental 
problems, and letting the organization find already developed solutions that together 
with the environmental problem formulation creates valuable problem-solution 
combinations.  

Empirically the paper is based on Study 1, in particular the findings from one of 
the Swedish multinational corporations, which have introduced energy efficient 
solutions engineered to reduce frictional power loss by up to 40 percent compared to 
previous solutions. In the case described in the paper, the top management had 
formulated a sustainability vision. The vision was in the paper interpreted as a 
problem formulation, which came to be matched with a problem solution that was 
originally developed with a different problem formulation in mind, resulting in a 
(valuable) environmental problem-solution pair. This problem-solving perspective on 
the events contributes to the literature on the management of environmental strategy 
by providing an explanation of the mechanism through which a sustainability vision 
can influence the development of environmental innovations. That such a causal 
connection exists has been identified in previous literature (Hart, 1995, 1997; Larson, 
2000), but the present paper further contributes to our understanding of the 
management of environmental innovation by providing an explanation of the 
underlying organizational mechanism that realizes that connection. The paper also 
illustrates how the reformulation of an offerÕs addressed problem into an 
environmental problem can change the initial value proposition into a more generic 
proposition, thereby increasing the profit potential though the generation of new 
applications and increased usage.   
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5 Discussion 
This thesis deals with to what extent firms can profitably address environmental 

problems and how strategic management facilitates the creation and appropriation of 
value when addressing environmental problems. Two (main) empirical studies were 
conducted. This chapter discusses the results of these studies and the theoretical 
development described in Papers I, II and III. The chapter begins with a discussion of 
the two research questions, and ends with some reflections on future research. Recall 
the two research questions guiding the research: 

1. RQ1. To what extent are firms that address environmental problems able to 
profit? 

2. RQ2. How can strategic management facilitate the development of 
profitable solutions to environmental problems? 

5.1 To what extent are firms that address environmental problems 
able to profit? (RQ1) 

Many of the experienced business developers, managers and innovation managers 
in large firms that were interviewed in Study 1 (as well as in the Gšteborg Energi AB 
study and ConnectVŠst study, section 3.4) expressed that it was not always obvious 
how the firm should profit from addressing environmental problems. Likewise, in the 
open text fields from the survey in Study 2, several managers from small firms 
expressed a concern that it was very difficult to profit from their ÔgreenÕ offers.13 
Therefore, to investigate the relation between profitability and environmental 
performance, data from Study 2 was analyzed. The results from Study 2, which are 
reported in Paper I, indicate that, at least for the studied firms, the expressed 
perception of difficulty is mirrored in the accounting data. That is, Paper I showed 
that Ð on average Ð the firms with environmental orientation were less profitable than 
their normal equals. 

The result from the comparison of average profitability in Study 2 is similar the 
results reporting in some previous studies (e.g. Vance, 1975; Posner and Schmidt, 
1992; Alkhafaji, 1989), which also found a negative relationship, and contrary some 
some (e.g. Cornell and Shapiro, 1987; Porter and Van der Linde, 1995a; Pava and 
Krausz; 1996; Waddock and Graves, 1997; Preston and OÕBannon; 1997). Study 2 is 
different from most previous studies in that it tested the relation for small firms in the 
cleantech sector. Putting the results from Study 2 in relation to previous studies, 
which have reported conflicting results, Research question 1 cannot be considered 
conclusively answered for firms in general. However, the results show that the 
hypothesized challenges with profitably addressing environmental problems are 
certainly present for at least the sector small Swedish cleantech firms. In this regard, 
Study 2 can be considered to have contributed with new and relevant empirical data 
as well as a novel data analysis method to the literature discussing the topic. 

The findings from Study 2 are consistent with the theoretical notion that many 
environmental problems can be represented as social dilemmas and thus are difficult 

                                                
13 Going even further, several managers expressed that (short-term) profit should not be the only 

goal of integration environmental sustainability into the firmÕs strategy, in order for the integration to 
be successful. The latter sentiment may reflect that the profitable addressation of environmental 
problems require the significant innovation work (cf. Rob•rt et al., 2000) or that the benefits of 
addressing environmental problems may be only indirectly linked to profitability, by sustaining the 
firmÕs Ôlicense to operateÕ (cf. Steger, 2004). 
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to appropriate value from addressing. This means that many small cleantech firms are 
likely to struggle with finding a good, profitable business model (cf. Òthe green 
prisonÓ of Pacheco et al., 2010) that allows them to capture a large enough share of 
the created environmental value. That interpretation is also consistent with the second 
finding from Study 2, which is also presented in Paper I: There is considerably, and 
statistically significantly, larger variability in the profitability of the cleantech firms 
than among their normal peers. In other words, some cleantech firms are doing very 
well, whereas others are doing very poorly14.  

Summarizing the discussion on Research question 1, the thesis aims to contribute 
to the literature on the profitability of addressing environmental problems (e.g. Steger 
et al., 2004; Lankoski, 2000; Salzmann et al., 2005; Preston and OÕBannon, 1997) by 
providing new methodologically justified empirical data and a novel (to the field) 
method of data analysis. However, like similar previous literature, this thesis has been 
unable to fully resolve the question of to what extent firms that address environmental 
problems are able to profit. In addition, the results from Study 2 indicate that the 
profitability of firms that address environmental problems is remarkably variable, 
consistent with the view that many firms that address environmental problems are 
struggling to find a good business model.  

5.2 How can the strategic management of a firm facilitate the 
development of profitable solutions to environmental problems? 
(RQ2) 

The argument outlined in Paper II, pointed at that there exist many environmental 
problems that are valuable, i.e. problems whose solutions are less costly than the 
status quo. From a problem-solving perspective of the firm, this implies that there 
exist corresponding opportunities for firms to create value by addressing 
environmental problems. However, because many environmental problems can be 
represented as social dilemmas, appropriating a significant share of the value is often 
considerably more difficult than creating it. Research question 2 therefore deals with 
how strategic management can enable or facilitate the development of solutions to 
valuable environmental problems that the firm can appropriate substantial value from. 

Research question 2 can be divided into two fairly separated, albeit related, issues. 
The first, which is primarily discussed in Paper II, concerns how the firm can improve 
the appropriability of solutions to environmental problems through leveraging and 
influencing its institutional environment. The second issue, which is primarily 
discussed in Paper III and only indirectly in Paper II, concerns how strategic 
managers can facilitate the internal development of profitable problem-solution pairs 
in the set of environmental problem-solution combinations. This relates to the 
literature in the fields of environmental strategy dealing with the organizational ÔhowÕ 
of realizing environmental innovation (e.g. Hart, 1995; 1997). 

The conceptual framework for strategies for appropriating environmental value 
presented in Paper II pointed at four distinct types of strategies that firms can pursue 
when addressing environmental problems. The framework seeks to contribute to the 
literature on environmental strategy by inter-relating the four strategies (eco-branding, 
eco-lobbyism, eco-transaction design and eco-lean) in a unified framework consistent 
with the more general new institutional economic theory (e.g. North, 1990; 

                                                
14 Because the cleantech firms are in similar industries and are not on average younger than the 

normal firms, the difference is unlikely to be because of early capital investment reasons. 
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Williamson, 2000). Each of the four identified appropriation strategies corresponds to 
one or several well-studied areas in the field of environmental strategy. Specifically, 
eco-branding corresponds to the literature on environmental branding (e.g. Hartman et 
al., 2005), eco-lobbyism to for example the literature on ordonomics (e.g. Pies et al, 
2010), eco-transaction design to the literature on switching from selling products to 
designing product-service systems (e.g. Mont, 2004) and eco-lean to the numerous 
examples of green improvements as Ôlow hanging fruitÕ (e.g. Porter and Van der 
Linde, 1995b; Holliday et al., 2002; Willard, 2002; Esty and Winston, 2006; 
Desrochers, 2010) and the Ôlean is greenÕ arguments (e.g. Florida et al., 1996). The 
framework in Paper II constitutes one part of the answer to Research question 2 by 
providing a typology of the four possible15 appropriation strategies applicable to 
solutions to environmental problems 

The findings in Study 1 (reported in Paper III, and also consistent with the 
responses in the other two firms, as well as in the Gšteborg Energi AB study and 
Connect VŠst study, see section 3.4) indicate that managers trying to facilitate the 
development of environmental innovations also spend part of their efforts focused 
inwardly, i.e., managing the firmÕs internal organization. The case presented in Paper 
III is one example of how such efforts can pay off. Paper III takes a starting point in 
the previous literature on environmental strategy that has noted, though not 
thoroughly investigated, the role of sustainability visions for the development of 
environmental innovations (Hart, 1995 and 1997). The findings of Study 1, presented 
in Paper III, indicate that an organizationÕs sustainability vision can indeed facilitate 
the development of environmental innovations, by serving as a managerial problem 
formulation guiding the organization. In the case described in Paper III this is 
exemplified by that the sustainability vision facilitated the realization of a broader set 
of applications for an originally customized solution developed for a specific 
customer. That a general connection should exist between a sustainability vision and 
the development of environmental innovations is perhaps not so surprising, and has 
been suggested in previous literature (Hart, 1995; 1997; Larson, 2000). However, the 
thesis provides an explanation for the mechanism that realizes that connection. 

In view of a broader theoretical context, one may interpret this as an instance of 
managers actively managing a garbage can-model (Cohen and March, 1972) type of 
process for organizational decision-making. Solutions emerge in different parts of the 
organization, in the studied case in response to a specific customer request. They exist 
in the organization for a period while being tested against suitable problem 
formulations with which they can be connected to and be forming a valuable problem-
solution pair with Ð i.e. create an entrepreneurial opportunity (Hsieh et al, 2007). The 
sustainability vision can thus be viewed as a problem formulation formulated by top 
management against which the spontaneously emerging solutions are then tested. It 
might be noted that such managerial problem formulation is not only related to the 
second, internally oriented part of Research question 2, but also implicitly  related to 
the first part, i.e. the management of the firmÕs relation to its environment. Top 

                                                
15 It should be noted that there are an infinite number of more or less systematic or ad-hoc ways to 

divide the set of institutional solutions to social dilemma problems (see e.g. Pacheco et al., 2010). As of 
yet, there is no irrefutable way to determine which division of institutional solutions is the most useful. 
However, the division of institutional levels utilized in this thesis (i.e. Williamson, 2000) could in all 
fairness be considered quite influential or ÔmainstreamÕ in the modern literature on new institutional 
economics as measured by the number of citations.  Thus, while I am still confident that the paper 
captures the possible appropriation strategies, there are certainly other ways to specify equally 
complete sets of possible appropriation strategies. 
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managers must use their understanding of the firmÕs relation to its market 
environment to formulate environmental problems of a type that are likely to have 
matching solutions emerging inside the firm. And this requires managers to have a 
deep understanding of the firmÕs problem-solving capabilities in relation to the 
existing or future valuable problems in the firmÕs market environment. For instance, 
in Study 2, if the problem formulation would have been focused on for example loss 
of biodiversity, instead of being focused on energy problems and increasing CO2-
emissions, it is unlikely that the identification of profitable problem formulationÐ
solution pairs would have been facilitated by the sustainability vision. 

In conclusion, Research question 2 has been answered from the perspective of 
managing the firmÕs relation to its institutional environment via the framework 
presented in Paper II. However, it should be noted that the framework has not yet 
been empirically validated in terms of its instrumentality, i.e. its ability to work as a 
useful tool in designing a firmÕs environmental strategy. In addition, the findings from 
Study 1 in combination with the theoretical interpretation in Paper III, have 
contributed one part of an answer to Research question 2 from the perspective of 
managing the firmÕs internal processes and organization, i.e. explaining how a firmÕs 
sustainability vision can facilitate the identification and commercialization of 
profitable solutions to environmental problems.  

5.3 Implications and future research 

Above, the contributions of the research hitherto have been summarized and 
reviewed. In view of that, I believe I have been able to provide a few more pieces of 
the puzzle of to what extent firms can capture private economic value from addressing 
environmental problems and how strategic management might facilitate that outcome.  

 The findings may have some implications for the practice of environmental 
strategy. First, the results from Study 2 (presented in Paper I) makes it clear that it is 
difficult f or small firms to profit from being differentiated by environmental 
performance. However, some firms are very profitable and others much less. The high 
degree of variation among the environmentally oriented firms suggest that, perhaps, 
there could be a phenomenon reminiscent of the prevalence of non-profitable Internet 
companies at the turn of the century happening in the cleantech sector today. In any 
case, the conclusion is that at least managers of small firms are wise to carefully 
devise a business model for the appropriation of environmental value before deciding 
to differentiate their firm on low environmental impact.  

Second, as presented in Paper II, there does indeed exist a number of strategies for 
the appropriation of environmental value. The framework presented in that Paper II 
should be useful for managers in helping them become aware of the type of strategies 
available to them.  

Third, as indicated by the findings from Study 1 (presented in Paper III), one way 
to facilitate the development of environmental innovations is that managers formulate 
environmental problems of strategic relevance to the firm. This can result in not only 
the development of new solutions, but also in the identification of new applications 
for existing offers or solutions. 

There are also implications for future research. The review of the findings from 
Study 2 showed that there was a surprisingly high variance in profitability among the 
environmentally oriented firms. This observation can be viewed as implying that a 
different question should perhaps be asked: How can one explain the variability in 
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profitability among firms that address environmental problems? Such a question 
would constitute a combination of parts from both Research questions 1 and 2 in the 
thesis. It is also arguably one of the most essential questions facing managers that are 
considering whether or not to invest in a new solution to an environmental problem. 

An interesting path for future analysis in the direction of explaining the causes of 
the variability in profitability is to utilize the survey data collected in Study 2. This 
data can be used to analyze if there is any systematic relation between the profitability 
of environmentally oriented firms and the strategies they use in order to increase the 
environmental value that they appropriate. The analysis could be performed as an 
ordinary least squares multiple regression model, treating the average profit as the 
(metric) dependent variable and the survey construct values (means of 3 items of 7-
point Likert scales, in cases of CronbachÕs alpha of above 0.6) as (I believe: 
essentially metric) independent variables. The resulting model would give an 
indication of to what extent different appropriation strategies influence the 
profitability of the cleantech firms. It might also contribute part of an answer to one of 
the research gaps described in section 2.3. As noted there, repeated calls have been 
made for further theory explaining the casual mechanisms behind the variation in the 
relation between economic and environmental performance (Ullman, 1985; Arag—n-
Correa and Sharma, 2003; McWilliams and Siegel, 2001; Rowley and Berman, 2000; 
Schaltegger and Synnestvedt, 2002 and Lankoski, 2008). 

For the unanswered issues primarily pertaining to Research question 2, it seems 
that there are an almost infinite number of possible ways forward, ranging from 
human resource management to the development and validation of specific tools for 
the pre-evaluation of environmental innovations. One relevant prospect, which seems 
promising from the theoretical perspective taken in this thesis, is to study what the 
implications are for the appropriation logic of firms that close their material cycles. A 
closing of the material cycle of businesses has been popularized by the notion cradle-
to-cradle (Braungart and McDonough, 2002) and the (reduce,) reuse, recycling waste 
disposal hierarchy. For an individual firm, this means either sourcing only recycled 
materials, refurbishing/remanufacturing used components or enabling the indefinite 
reuse of their products. Arguably, of the three solutions, it is remanufacturing of used 
components that holds the greatest potential for an individual firms trying to 
profitably close its material cycle on its own (Nasr and Thurston, 2006). Based on that 
realization, a longitudinal study will be designed to study a small number of firms in 
the process of increasing the role of refurbishing and remanufacturing in their 
business operations. Based on qualitative data, collected in via semi-structured or 
unstructured interviews, the study will assess the main challenges and opportunities 
facing managers currently trying to profitably address the environmental problem of 
waste production in their value chains. From the perspective of the PhD project, 
specific emphasis will be put on studying how the closed material cycle will influence 
how and from whom the firm appropriates economic value. 
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Abstract  

This paper investigates the relationship between environmental orientation and economic 
performance for small Swedish firms. The data draws on 155 Swedish small cleantech firms 
(2-9 employees). We quantitatively estimate the effect of environmental orientation on 
accounting profit to see how environmentally differentiated firms perform in relation to non-
environmentally differentiated firms. To do this, we employ a quasi-experimental design in 
which we create a control group of non-environmentally differentiated firms (N=611) that are 
very similar to their environmentally differentiated (cleantech) peers. The findings show a 
negative effect of environmental differentiation on economic performance, but also that high 
environmental orientation correlates with higher variance in economic performance. The 
paper shows that there are opportunities for small environmental oriented firms but that only a 
few environmentally oriented firms succeed in capturing them. We contribute to the literature 
by using a novel and more rigorous way measure the relationship between environmental 
orientation and economic performance. 
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1 Introduction  

For decades researchers have been studying how and why firms address 
environmental problems (e.g. Ashford et al., 1979; Runge, 1987; Hart, 1995; 
Horbach, 2008). At the same time it has been debated if environmental solutions 
improve the economic performance of firms. It is no doubt that the work on 
environmental problems are essential from a broader (societal) perspective, but 
nevertheless it is important to understand the relation between firmsÕ environmental 
orientation and economic performance given the resources that are (or are not) poured 
down in environmental solutions.  

Research about environmental performance and its relation to economic performance 
is conflicting. One view is that improved environmental performance increases the 
production costs of firms and hence that the economic performance is harmed 
(McGuire, 1982). Another view is that firms can improve their environmental 
performance in the form of efficiency savings or are able to attract a vertical 
differentiation and by so doing increase the economic performance (Lankoski, 2000).  

While there are many reported cases where firms have profited from addressing 
environmental problems (e.g. Porter and Van der Linde, 1995b), it is also clear that 
there is no simple linear relationship between firmsÕ environmental performance and 
economic performance (Lankoski, 2008). Empirical research based on larger samples 
of firms has shown that the relation between environmental performance and 
economic performance involves everything from a positive correlation, no correlation, 
negative correlation to an inverted U-shaped correlation. Hence, this has led to 
repeated calls for further research about the link between environmental performance 
and economic performance (e.g. Ullman, 1985; Arag—n-Correa and Sharma, 2003; 
McWilliams and Siegel, 2001; Rowley and Berman, 2000; Schaltegger and 
Synnestvedt, 2002 and Lankoski, 2008).  

The lack of evidence and consistency of the link between environmental performance 
and economic performance can partly be explained by conceptual and methodological 
shortcomings (Aupperlse et al., 1985; Lankoski, 2000). Most research on the topic 
can be summarized by a fairly simple model: on the one hand there is the 
environmental performance of a firm, and on the other hand there is the economic 
performance or environmental profits. The object of investigation is the potential 
(causal) relation between the two. Complications occur as neither construct is easily 
measured, which has resulted in various operationalizations being used. For example, 
many studies of large companies try to discriminate for Òenvironmental profitsÓ which 
is seen as a subset of profit and generated from firmsÕ Òenvironmental performanceÓ. 
The environmental performance in its turn is often related to some sort of pollution-
index. As these firms have activities that are not related to environmental performance 
there is a difficult, if not to say impossible, task to select what to include and how to 
measure. Another complication is the role of contingency factors, such as differences 
in the business models of the studied firms, as well as industry and institutional 
differences. In summary, we believe there is an opportunity to contribute to this 
literature by utilizing a novel methodological approach.  

To overcome the difficulties with previous research approaches that try to 
discriminate for environmental performance in large firms in order to investigate how 
these activities affect the overall economic performance (e.g. Moore, 2001; Levy, 
1995; Cordeiro and Sarkis, 1997; Lankoski, 2000), we instead investigate whether 
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environmentally oriented small firms are more profitable than their peers that are not 
environmentally oriented.  

The purpose of this paper is to investigate whether small Swedish environmentally 
oriented1  firms have higher economic performance (average profit) than their 
counterparts (i.e. small firms that do not have an environmental focus). Hence, we 
look at small environmentally oriented firms with similar size and activities to see if 
they have a competitive advantage or disadvantages over their competitors that are 
not environmentally orientated. We do this by employing a quasi-experimental 
design, meaning that we create a control group of non-environmentally oriented firms 
that are identical or highly similar to the corresponding environmental oriented firms 
on a number of important firm characteristics. This makes it more plausible to draw 
inferences about the effect of environmental orientation on the profitability of firms. 
To create the control group we use the matching estimators developed by Abadie et 
al. (2004) and Abadie and Imbens (2006). This estimator matches each 
environmentally oriented firm with similar non-environmentally oriented firms on a 
set of specified firm characteristics in order to estimate the average effect of 
environmental orientation on the ability to profit. 

The paper starts with a theoretical background to derive hypotheses related to 
environmental orientation and firm profits. The paper then presents the methods used 
to test the hypotheses. This is followed by a presentation of the results derived from 
the measurements. The paper ends with a discussion of the results. 

2 Theoretical framework and previous literature 

2.1 Previous empirical research 

Empirical studies on the relation between environmental orientation and economic 
performance seem so far to have been inconclusive, or at least not convergent. Griffin 
and Mahon (1997) provided an overview of the conflicting findings in the research in 
a literature review. Table 1 below is a summary of the findings, displaying the 
number of publications supporting each type of relation between economic and 
environmental performance. Table 1 only includes publications until 1997, but the 
divided picture is consistent with our review of the research published to date, i.e. we 
have found no indications that a consensus has emerged.  

                                                
1 Environmental orientation is here viewed as the strategy-making processes in firms to achieve less 
environmental impact for offerings compared to alternative offerings customer can choose from. 
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Table 1. Overview of findings in studies comparing financial and social performance (from 
Griffin and Mahon 1997) 

Decade Positive 
relation 

Inconclusive 
evidence 

Negative 
relation 

1970 5 1 - 

1980 14 3 15 

1990 7 - 3 

Total 26 4 18 

 

One of the reasons for the large variety in findings is the multitude of measurements 
and research designs used (Aupperle et al., 1985). Table 2 below provides some 
examples the approaches used in previous studies finding a positive relation (e.g. 
King and Lenix, 2001; Preston and OÕBannon, 1997; Moore, 2001), no relation (e.g. 
Levy, 1995; Aupperle et al., 1985) or a negative relation (e.g. Freedman and Jaggi, 
1982; Cordeiro and Sarkis, 1997). 
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A
uthor(s) 

F
irm

s 
E

conom
ic perform

ance 
E

nvironm
ental perform

ance 
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ata analysis 
R

esults 

K
ing &

 Lenix, 
2001 

Publicly traded firm
s 

Firm
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arket valuation over 
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ent value of assets 
Em

issions of toxics 
R

egression 
Positive relation 

Preston &
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annon, 1997 
Large U

S corporations 
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eturn on: assets, equity &
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ents 

Fortune reputation ratings 
C

orrelation 
analysis (w

ith lag) 
Positive relation 

M
oore, 2001 

8 large superm
arket 

firm
s in the U

K
 

Proprietary index based on 4 
accounting m
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Proprietary index based on 16 
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easures of social responsibility 
R

egression &
 

correlation 
Positive relation 

Levy, 1995 
Transnational 
corporations 

Percentage point change in 
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C
hange in TR

I 2 em
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R
egression 

N
o relation 

A
upperle et al., 

1985 
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S firm
s, unclear size 
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plied large 
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R
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While the summary shows that quantitative studies on the topic are conflicting, there 
are several case studies that indicate that there exists at least some green business 
opportunities for some firms (e.g. Porter and Van der Linde, 1995b; Hoffman, 2000; 
Dunphy et al., 2002; Esty and Winston, 2006; Carrillo-Hermosilla et al., 2009). This 
view is also supported by the responses in a recent executive survey on sustainability 
by MIT Sloan Management Review (Haanaes et al., 2011), in which 54 percent of the 
respondents believed that their sustainability related actions had added to their firmÕs 
profitability (Haanaes et al., 2011).  

Because prior research does not support the existence of a general positive or negative 
relation between economic and environmental performance, calls have been made for 
research that takes into account the contingent issues of firms, such as for example 
industry, size and age (Lankoski, 2000; Steger et al., 2004; Lankoski, 2008). 

2.2 Theoretical framework 

The review of previous research shows that 1) there is no consensus about what the 
expected relation is between environmental and economic performance and that 2) 
there is a lack of empirical research on the business case for sustainability based on 
small firms. We will now provide a theoretical framework for the development of our 
hypotheses. 

It can be seen that a firm that is differentiated by its environmental performance 
reduces the deterioration of an environmental problem caused by the firmÕs value 
chain. For example, it may reduce the environmental impact caused by the firmÕs 
operations or by its customers. Many environmental problems can be represented as 
social dilemmas. A social dilemma is a situation in which Òindividuals in 
interdependent situations face choices in which the maximization of short-term self-
interest yields outcomes leaving all participants worse off than feasible alternatives.Ó 
(Ostrom, 1998, p. 1). A typical issue in a social dilemma is that the offer that is 
created (e.g. by reducing environmental harm) is shared by the public, rather than 
captured by the actor that addresses an environmental problem (cf. Hardin, 1968). 
Typical examples include over-harvesting of coastal fisheries, global CO2 emissions 
and water shortages. 

When an environmental problem can be represented as a social dilemma, 
appropriation of the created value can be difficult for the firm solving the problem. 
Value appropriation refers to the act of capturing the value (profit) generated by a 
solution of a problem. Thus, a firm might be creating more value by changing its 
offers or operations in order to address an environmental problem, but still capture 
less value than otherwise because the created value is diffused among actors that the 
firm captures no revenues from, such as the general public. This is illustrated in figure 
3 below, which is an adaptation of the description of value appropriation in a value 
chain by Vandenburger and Stuart (1996). The first column is from Vandenburger and 
StuartÕs paper. The second column includes an additional level on top of their model. 
It is added here to illustrate the potential appropriation issue when addressing social 
dilemma problems. In a situation where the customer is the only problem-owner of 
the problem addressed by the selling firm, the total value created corresponds to the 
highest amount of exchange value (typically measured as money) that the buyer 
would be willing to pay. When there is a consumer surplus, the price is lower than the 
willingness-to-pay, as indicated in the figure. The cost corresponds to what the firm 
has to pay its suppliers (including employees) in order to realize the addressation of 
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the customers’ problem. In the right hand column, some of the created value is 
captured by actors external to the transaction between the firm and its customers, 
denoted as value captured by the collective. 

 
Figure 1. Adaptation of figure 2 in (Vandenburger and Stuart, 1996, p. 10) to illustrate the 
difficulty with value appropriation when addressing environmental problems that can be 

represented as social dilemmas 

 

The appropriation difficulties illustrated in Figure 1 above suggest that firms with an 
environmental orientation are generally in an unprofitable position. However, not all 
environmental problems correspond to social dilemmas. For example, reducing fuel 
consumption often creates both savings in private, financial terms and in public, 
environmental terms. In addition, even if an environmental problem can be 
represented as a social dilemma, there sometimes exist strategies that environmentally 
differentiated firms can pursue to make sure they capture a significant part of the 
value they create. Examples of such strategies, described by Pacheco et al. (2010), 
include leveraging and shaping industry norms (e.g. great barrier reef tourist operators 
cooperate to preserve the reef), supporting the definition of extended property rights 
(e.g. the Chicago Climate Exchange) and working with lobbyism to force cooperation 
(e.g. promote legislation favorable to biofuels). Viewed from the perspective outlined 
in this section, it seems reasonable to predict that firms that are differentiated by their 
environmental performance will on average be less profitable because of the presence 
of social dilemmas.  

Moreover, although environmental offerings and businesses are not something new it 
has received increased focus over the recent years and giving rise to the cleantech3 
sector which still is very young. Many of the firms that enter this sector are startups 
that behave opportunistic (Bhidé, 2000) in order to make an “environmental” profit 
and that may unwittingly rely on defective or incomplete information to estimate the 
returns from environmental performance. Studies also show that new sectors usually 
are characterized by many different variations to solve the same type of problems 

                                                
3 Cleantech or clean technologies is defined by the Cleantech Group as products, services, and processes intended 
to provide superior performance at lower cost, while greatly reducing or eliminating negative ecological impact 
and at the same time improving the productive and responsible use of natural resources. 
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with the result of an overall low profitability (Abernathy and Utterback, 1978; Nelson 
and Winter, 1982). This can for example be illustrated with the bandwagon effect of 
IT, biotechnology or the beginning of the automotive sectors. We also know that it 
usually takes time to find the right architecture for novel businesses (Chesbrough and 
Rosenbloom, 2002).  

However, one must also acknowledge the variety of strategies that may potentially be 
used to resolve valuable environmental problems that customers are prepared to pay 
for, and take into account that not all environmental problems correspond to social 
dilemmas. Consequently, it seems reasonable to expect there are several 
environmentally orientated firms that are able to capture a significant share of the 
environmental value they create. Given this, we put forward the following hypotheses 
for testing: 

Hypothesis 1: Environmental orientation firms will on average have lower economic 
performance than similar non-environmental orientation firms. 

Hypothesis 2: Environmental orientation firms will be more diverse in their economic 
performance than non-environmental orientation firms. 

3 Method and research approach 

3.1 Data sources 

We started by identifying small, still active firms in the population of all Swedish 
firms. A total of 72506 firms were identified based on the following criteria: 

• no holding companies  
• only still active firms (as of June 2011) 
• only limited companies (Swedish “Aktiebolag”)  
• number of employees (two to nine during 2010) 
• turnover (less than 100 MSEK) 
• a reported annual profit for at least 2008 and 2009,  
• age of the firms (less than 30 years).  

These criteria were used since we wanted small firms and to filter out firms that were 
potentially either one-man, “half-time”, ventures, or holding firms or tax 
minimization or control instruments for larger economic groups.4 The two latter 
criteria, age and reported profits, should be viewed primarily as description of the data 
analyzed and were chosen because of the nature of the accessible and comparable 
data.  

We then created a sample of “environmentally oriented” firms. We started with a 
group of firms based on the database of Swentec – “the Swedish Environmental 
Technology Council”. The Swentec-database resulted from a three-year project 
commissioned by the Swedish Government to strengthen the Swedish cleantech 
industry. Swentec identified a total of 901 cleantech firms, based on a subset of the 
firms in Statistics Sweden’s5 environmental and economic accounts. All the firms 

                                                
4 In addition to the filter, the data set was screened for potential outliers that had slipped past the filters. 
Ten such outliers were found and removed from the data analysis. These ten firms are described in 
appendix 1. 
5 Statistics Sweden is an administrative agency with the purpose to supply customers with statistics for decision 
making, debate and research.  
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match OECD’s (1999) and Eurostat’s definition of environmental goods and 
services6. Statistics Sweden has identified such firms since the year 2000 via NACE-
codes, free form searches of public databases (e.g. Yellow pages) and industry fairs. 
Swentec designed their database by selecting the subset of these firms that were active 
in the following technology fields: Air pollution control, Bioenergy and biofuels, 
Cooling technology, District heating, Energy efficiency, Energy storage and hybrid 
systems, Environmental- consultants- training and information, Heat pumps, Hydro 
power, Marine technologies, Material technology, Noise protection, Soil remediation, 
Solar energy technology, Sustainable building, Systems- engineering- control- 
engineering and monitoring, Transportation, Waste management and recycling, Water 
and wastewater treatment, Wave power, and Wind energy technology.  
Based on the criteria we used for defining the sample of small firms (above), we 
selected 155 firms of the 901 firms in the Swentec database. These 155 firms 
constitute the sample of environmentally oriented firms in our study. 

The data consists of accounting data and industry classifications for the two groups of 
small Swedish firms, differentiated by their environmental orientation. The 
accounting data was retrieved from a provider called AffärsData7 and the industry 
classifications according to NACE was retrieved from Retriever Bolagsinfo8. 

3.2 Research approach 

Directly comparing the profit of the sampled environmentally oriented and non-
environmentally oriented firms are problematic, since the environmentally oriented 
firms might be related to some characteristic that is also correlated with the outcome 
(profit).9 This makes it difficult to distinguish the effects of the environmental 
orientation on the profit from the effect of other characteristics when directly 
comparing the two groups (cf. e.g. Heckman, 1979, 1990). Turning to the descriptive 
statistics in Table 3 in the following section, there seems to be a significant difference 
between environmentally oriented and non-environmentally oriented firms on several 
variables, indicating that environmental orientation might indeed be related to some 
underlying characteristic(s). 
To test the stated hypotheses, this paper therefore uses a quasi-experimental design to 
analyze the effect of a treatment (environmental orientation) on a sampled population 
(firms) in terms of a specific outcome (profit). The fundamental problem in such a 
design is to estimate the “counterfactual” outcome, which in this paper means to 
estimate the hypothetical profit of environmentally oriented firms' had they instead 
been non-environmentally oriented.10 The counterfactual outcome is however not 

                                                
6 "The environmental goods and services industry consists of activities which produce goods and services to 
measure, prevent, limit, minimize or correct environmental damage to water, air, and soil as well as problems 
related to waste, noise and eco-systems. This includes cleaner technologies, products and services which reduce 
environmental risk and minimize pollution and resource use." 
7 http://www.ad.se. 
8 https://web.retriever-info.com/services/businessinfo.html. 
9 This is commonly referred to as ”selection bias” (Heckman 1979, 1990). 
10 The aim of a quasi-experimental design is to “produce” the counterfactual outcome of the treated cases by 
statistical means. The counterfactual refers to the hypothetical outcome had no treatment been given and are used 
for evaluating the effect of treatment. An experimental design requires a random selection of a finite population: 
by the law of large numbers, the random selection will produce treatment and control groups with similar 
distributions of characteristics and hence the control group provides a counterfactual outcome. Quasi-experimental 
design is instead used when the selection is non-random (see Campbell and Stanley 1963; Shadish et al. 2002), 
which is the case for the selection of firms as “environmentally oriented”.  
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observable. To be able to infer the effect of environmental orientation, it is therefore 
necessary to create a control group of non-environmental orientation firms, which are 
sufficiently similar to the focal environmentally oriented firm.  
A control group can be created through a matching procedure, which can be defined 
as any method used for selecting treatment cases and control cases with similar 
observable characteristics (covariates) (e.g. Stuart, 2010). The matching procedure is 
used to infer a “counterfactual” control group, by matching treatment cases with 
control cases that are as similar as possible on a number of attributes X. This matching 
can be based on either the covariates X (e.g. Abadie and Imbens, 2006) or on the so-
called propensity score p (e.g. Deheija and Wahba, 2002; Rosenbaum and Rubin, 
1983). What we want to estimate is the (causal) effect of a firm’s environmental 
orientation on a firm’s profit. If Y1 denotes the profit of an environmentally oriented 
firm and Y0 denotes the profit of the unobservable counterfactual, we try to estimate 
ΔY=Y1-Y0.  By matching each treatment case (environmentally oriented firm) to one, 
or more, control cases (non-environmentally oriented firms), we estimate these 
unobservable counterfactuals. The goal of the matching procedure is to make the 
control cases highly similar, or identical, to the environmental orientation firms on a 
set of observable attributes X. Once an estimated counterfactual group is created, the 
potential effect of the covariates on the outcome can be accounted for, and the 
observed average difference between the groups (average treatment effect) can be 
attributed to the environmental orientation. In other words, the matching is conducted 
to get similar distributions of the controlled for attributes for the two groups, enabling 
us to make inferences about the effect of environmental orientation on firms’ profit. 11  
There are several different matching approaches, used for minimizing the difference 
between treatment and control groups in terms of the distribution of covariates (see 
e.g. Imbens, 2004; Morgan and Harding, 2006; Smith and Todd, 2005). This paper 
employs the matching estimator provided by Abadie and colleagues (Abadie et al., 
2004; Abadie and Imbens, 2006), implementing so-called nearest neighbor matching. 
This estimator constructs the counterfactual using the control cases that are closest to 
the treatment case in terms of minimizing the distance of the covariates.12 The main 
reason for choosing this approach is that it, in contrast to the commonly used 
propensity score matching, allows for exact matching of industry classification (at the 
letter-level). This matching approach also allows for bias correction of the treatment 
effect, which adjusts for potential bias remaining after matching (see Abadie et al., 
2004). We use this option by adjusting for potential bias introduced by unobserved 
differences between the firms. 
The matching is made with multiple controls and with replacement. Replacement 
means that each control case can be matched to several treatment cases, which has 
been shown to decrease the number of “bad” matches (Morgan and Harding, 2006). 
Multiple controls means that each treatment case is matched to more than one control 
case. Adding controls reduces the variance, but at the expense of increasing bias due 
to higher likelihood of “bad” matches (Morgan and Harding, 2006). In this paper we 
match each treatment case to four control cases, which has been suggested to perform 
well (Abadie and Imbens, 2006).  

                                                
11 The matching relies on the assumption of conditional independence. This states that conditioning on the set of 
observable covariates X, the “selection” of a firm as environmentally oriented (treatment selection) is independent 
of the outcome of the counterfactual control case (Smith and Todd, 2005). 
12 Hence the matching estimator is based on covariate matching. 
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To control for sensitivity of the calculated average treatment effect (ATT) to 
differences in matching, we also ran estimations with and without exact matches and 
bias adjustments, as well as with different number of matches. The results from these 
tests were extremely similar to the results from the test we present in this paper, and 
are not reported here.  

3.3 Variables and operationalizations 

Seven variables were used in the analysis. Any study of with the relation between 
environmental orientation and economic performance needs a measure of those two 
constructs. The measure of environmental orientation was chosen to be consistent 
with an internationally accepted norm; the OECD (1999) definition of environmental 
goods and services. Economic performance (labeled as profit below), has been 
measured in a number of different ways in the previous literature (see Table 2), but 
there was no obvious candidate suitable for a study of small firms. We chose to use 
average accounting profitability because 1) it is a metric available for most small 
firms, and 2) it is a convenient measurement that summarizes the economic 
performance of a firm in one measurement. We also considered other variables that 
might be correlated with profit to control for selection bias (Heckman, 1979; 1990). 
Using a correlation matrix, we found that for the data accessible for a large set of the 
studied firms a few variables were correlated: number of employees, turnover and 
age. We also chose to control for industry classification, as that had been suggested in 
previous literature (e.g. Lankoski, 2000; Steger et al., 2004). 
The variables were operationalized as follows: 

Environmental orientation (binary), operationalized as membership or non-
membership in Swentec’s database of Swedish cleantech firms.  

Profit (metric), operationalized as the average accounting profit for the last 
four years. When fewer years were available, only the available years were 
used to calculate the average profit. In all analyzed cases, at least the last 
two years of profit were present.  

Turnover (metric), operationalized similarly as profit, as the average 
turnover for the last four years. Used for matching. 

Industry classification (letter), operationalized as the reported primary 
industry classification of the firm according to NACE codes. Used for exact 
matching. 
Industry classification (5 digit), operationalized as the reported primary 
industry classification of the firm according to NACE codes. Used for 
matching. 

Employees (metric), operationalized as the average number of employees of 
the firm during the last four years. When fewer years were available, only 
the available years were used to calculate the average number of employees. 
In all cases, the most recent year was between two and nine. Used for 
matching. 
Age (ordinal), operationalized as the decade of the original registration of 
the firm. That is, it takes one of the following three values: 1980, 1990 or 
2000. Used for matching.  
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Profit is our outcome of interest, while Environmental orientation is a 
dummy for treatment. The other six variables are commonly used firm 
characteristics, used here for matching control cases (non-environmentally 
oriented firms) to the treatment cases (environmentally oriented firms).  

3.4 Estimations for testing hypotheses  

Hypothesis 1 is tested by calculating the so-called average treatment effect on the 
treated (ATT). This is done by comparing the average outcome (profit) of the group 
of treatment cases with that of the control cases created by the matching procedure. 
The ATT can in this paper be interpreted as the average ÒcontributionÓ of 
environmental orientation to a firmÕs profit. 

For hypothesis 2, LeveneÕs test for equality of variances (Levene, 1960; Brown and 
Forsythe, 1974) was chosen, using the matched group from the matching procedure 
(above) as one group and the environmental orientation firms as the other group. The 
test was chosen because it is robust against differences in group size and deviations 
from normality of the tested distributions (Brown and Forsythe, 1974). The latter 
strength was considered especially important because the average profitability was 
not normal distributed for either group, according to a Shapiro-Wilk test for normality 
(alpha = 0.05). 

4 Results 
This section begins with some descriptive statistics, which feature some of the 
differences between the sample of all small firms and the sample of environmentally 
oriented firms. These statistics further highlight that there was a need to create a 
control group to properly compare the profitability of environmental firms with other 
firms. Means and standard deviations for the dependent and independent variables are 
found in Table 3. Table 3 also shows that firms with environmental orientation tend to 
have slightly more employees and higher turnover than is for typical for the group of 
all firms. A summary of the five digit NACE codes is not presented here for practical 
reasons. However, Table 4 provides an overview of industry classifications at the 
most aggregated level. One of the most striking features of the descriptive data is that 
the group of environmentally oriented firms stands out in terms of standard deviation 
for the dependent variable, profit, compared to the group of matched control firms as 
well as all firms. Together, the tables also indicate that the control group is similar to 
the environmental orientation group on the independent variables, especially as 
compared to the pre-matching sample of all firms.  

Table 3. Descriptive statistics – means and standard deviations of the measured variables 

 
All firms 

Environmental 
orientation Control group 

Observations 72506 155 611 (≈4*155) 
Independent 
variables Mean s.d. Mean s.d. Mean s.d. 
Turnover 
(kSEK) 4714.8 5667.1 8036.8 12845.0 7586.9 10346.7 

Employees 3.5 2.1 4.0 1.9 3.9 1.9 

Age (# years) 10.7 7.8 12.5 7.3 11.8 7.5 
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Dependent 
variable Mean s.d. Mean s.d. Mean s.d. 
Profit (kSEK) 144.8 835.8 -83.5 1300.2 227.5 915.1 
      

The distribution of industry classifications, at the NACE letter aggregation level, is 
displayed in Table 4 below. One may note that there is an underrepresentation of 
construction firms in the group with environmental orientation (F), compared to the 
group of all firms. In addition, there seems to be an overrepresentation of 
manufacturing (C) and professional services (M) firms. The matched control group 
displays a very close match with the environmental orientation firms with regards to 
industry classification at the aggregation level of NACE letter-coding. 

Table 4. Descriptive industry classifications 

NACE 
code Industry 

All 
firms 

Environmental 
orientation Control group 

A Agriculture, forestry and fishing  3.9% 0.0% 0.0% 
C Manufacturing 9.0% 21.9% 21.9% 
E Water supply; sewerage; waste 

management and remediation 
activities  

0.0% 2.6% 2.6% 

F Construction 15.5% 4.5% 4.7% 
G Wholesale and retail trade; repair 

of motor vehicles and 
motorcycles  

22.1% 20.0% 20.1% 

H Transporting and storage  6.3% 0.0% 0.0% 
I Accommodation and food service 

activities  
5.6% 0.0% 0.0% 

J Information and communication  5.1% 1.9% 2.0% 
K Financial and insurance activities  1.0% 0.0% 0.0% 
L Real estate activities  2.5% 0.0% 0.0% 
M Professional, scientific and 

technical activities  
15.6% 49.0% 48.6% 

N Administrative and support 
service activities  

3.7% 0.0% 0.0% 

P Education 1.5% 0.0% 0.0% 

 

Table 5 presents the average treatment effect for the treated (ATT), where ‘treated’ 
refers to belonging to the environmental orientation group, and the ‘effect’ is 
measured by the expected difference in average profit. Out of 72 476 firms in the 
group of all firms (the initial sample), 611 non-environmentally oriented firms where 
matched as control cases. The ATT was calculated by comparing the average profit of 
these control firms to the average profit of the 155 firms belonging to the 
environmental orientation group. The estimated effect on average profit from 
belonging to the environmental orientation group is approximately negative 302 
(kSEK)13. This means that, on average, an environmentally oriented firm earns 302 
kSEK less than a similar non-environmentally oriented firm. 

                                                
13 At the time of writing, 1 SEK is approximately equivalent to €0.11 or $0.14 (US). 
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Table 5. Average Treatment Effect for the treated 

 
Results 

Treatment coefficient (effect size) -301.8 
Standard error 98.3 
P (result | real effect size is positive) 0.002 
95% confidence interval [-494.4 – -109.2] 

  Number of observations 72476 
Number of firms with environmental 
orientation 155 
Number of matched firms 611 

 

Table 5 shows that the estimated ATT for environmental orientation is statistically 
significant (p=0.002), indicating that we cannot reject hypothesis 1 at a significance 
level of 0.01. In other words, the results of this study are consistent with the 
hypothesis (H1) that small firms with environmental orientation have, on average, a 
lower 4-year average accounting profitability than comparable firms without an 
environmental orientation. Going further, the confidence interval presented in Table 5 
indicates that at a significance level of 0.05, the data are consistent with that the 
average profitability of firms with environmental orientation is between 109 kSEK 
and 495 kSEK lower than comparable non-environmentally orientated firms. 
Table 6 (below) presents the results from Levene’s test of equality of variances. One 
may note that there are three possible ways to compute the test statistic (W), and the 
subsequent p-value. W0 represent’s Levene’s (1960) original suggestion, whereas 
W50 and W10 are suggestions for improved robustness by Brown and Forsythe 
(1974).  

Table 6. Levene’s test of equality of variances 

 

Environmental 
orientation Control group 

Profit (mean) -83.5 227.5 
Std. Dev. 1300.2 915.1 
Number of observations 155 611 
W0 21.8 

 W50 15.8 
 W10 15.7 
 P, W0 0.00000351 
 P, W50 0.00007793 
 P, W10 0.00008115 
 

 

The statistically significant p-value presented in Table 6 indicates that we cannot 
reject hypothesis 2 at a significance level of 0.01. In other words, the results of this 
study are consistent with the hypothesis (H2) that firms with high environmental 
orientation are more diverse in their profitability than firms with lower environmental 
orientation. 
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5 Discussion 
This paper has contributed to the literature on the relation between environmental and 
economic performance (e.g. Salzmann et al., 2005). It has done so by applying a 
novel method of data analysis and by utilizing a novel set of empirical data consisting 
of small firms, differentiated by their environmental orientation. 
We began this paper by noting that although there are numerous publications on the 
relation between economic and environmental performance, there is still a lack of 
knowledge about the relation in the case of small firms. We also noted that the 
previous literature has been criticized for using questionable methods (Aupperle et al., 
1985) not properly taking into account the non-environmental differences between 
firms, such as industry contingencies (Steger et al., 2004; Salzmann et al., 2005). In 
response to these issues, we applied a rigorous method (Abadie et al., 2004; Abadie 
and Imbens, 2006) constructing a counter-factual control group of non-
environmentally orientated firms, which we compared with a group of firms with an 
environmental orientation.  
By focusing on small firms, we avoided the issue that environmental performance 
often only applies to parts or divisions of a larger firm, making effect sizes difficult to 
estimate. This might be compared to the efforts of other researchers whom have also 
tried to overcome this problem by studying only the affected parts – such as a specific 
plant (e.g. Lankoski, 2000). However, we also avoided dubious calculations of the 
return of investments and future cash-flows from a small sample of firms’ 
environmental performance. The benefit of our approach of focusing on small firms 
was also that we were able to collect a larger number of observations, improving the 
significance of our statistical tests. 
The results from the study indicated that small firms with an environmental 
orientation have a lower expected 4-year average profitability. The data also indicated 
that firms with an environmental orientation were considerably more diversified in 
their profit-levels than their non-environmental oriented peers. Thus, the data was 
consistent with both hypotheses, and supported the rejection of neither. That is, 1): 
Firms with an environmental orientation have on average lower economic 
performance than similar (size, age, activities) firms without an environmental 
orientation, and 2): Firms with an environmental orientation are more diverse in 
their economic performance than firms without an environmental orientation. 

The negative effect on profitability of firms with an environmental orientation 
suggests that to differentiate a venture based on environmental performance seems a 
risky endeavor. However, the high variance in profitability indicate, in line with 
theoretical argument that there exists strategies that may allow firms that address 
environmental problems to capture a significant part of that value (Pacheco et al., 
2010), that it is not a hopeless endeavor. It seems that there are indeed profitable 
green business opportunities out there. However, managers are wise to first determine 
that there is a viable strategy for appropriating the created environmental value before 
investing in such perceived green business opportunities. 
One potential issue that deserves special mentioning is that the industry classifications 
(according to NACE) played a part in both constructing the group of firms with 
environmental orientation (via Swentec’s method for designing their database) and 
the construction of the control group. This raises the question: Have we compared one 
group of firms with environmental orientation to another group of firms with 
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environmental orientation, and are thus any observed differences simple an artifact of 
random variation? There are two reasons to believe that this is not the case. The first 
is that the firms were compared using the accounting data presented in 2006-2009, 
and the selection of firms with environmental orientation was last updated in 2010. 
Thus, it is reasonable to assume that for the specific firms selected by using 
something as simple as industry classifications, the potentially affected firms should 
already have been included in the correct group. However, even if some firms were 
incorrectly placed in the control group, there is a second, statistical reason, that this is 
unlikely to be a serious problem. The statistical significance in the performed tests 
was of such a high level (p<0.002 for all tests) that it is, by definition, highly unlikely 
that the compared groups were drawn from the same population. Thus, if there were a 
few firms that were incorrectly entered into the control group, any effect they might 
have had can be assumed to have drowned in the random noise of the sample. 

The results presented in this paper pose some questions for further research. The 
dataset we used was not large enough to allow us to confidently test the relation 
between economic and environmental performance in specific industries; such as for 
example energy, water or waste handling. A more detailed study of such industries, in 
which the potential to create environmental value is undoubtedly large, at least from 
the public’s point of view, would certainly be interesting. However, it would require 
either a larger dataset or the use of a different methodological approach. Another 
promising area for future research would be the test the international validity of our 
findings. Since we used only data for Swedish firms in this study, it is only with some 
hesitation that we suggest the results can be generalized for different institutional 
settings and countries. 
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Appendix 1: Removed outliers 
The following outliers were removed from the sample of small firms. 

Anticimex acquisition  

Reason: Is just a part of a large international group: Anticimex. Accounting data 
would be misleading for the purposes of this study. 

Attendo Intressenter AB 

Reason: Seems to be a holding firm for a large international firm: Attendo. 
Accounting data would be misleading for the purposes of this study. 

BBAH Sweden 

Reason: Is an agricultural firm operating in Russia run by Swedes. Accounting data 
would be misleading for the purposes of this study. 

CB Diagnostics Holding AB 

Reason: Is a holding firm for a large firm (1378 employees). Accounting data would 
be misleading for the purposes of this study. 

Eckes-Granini  

Reason: Is a just part of a larger international firm: Die Eckes-Granini Gruppe. 
Accounting data would be misleading for the purposes of this study. 

Flextronics international …stersund AB 

Reason: Is just a part of a large international group: Flextronics International. 
Accounting data would be misleading for the purposes of this study. 

Logica Holdings AB 

Reason: Is just a part of a large international group: Logica. Accounting data would 
be misleading for the purposes of this study. 

Munksjš Holding AB  

Reason: Is a holding company for a large paper and pulp company. Accounting data 
would be misleading for the purposes of this study. 

NorGani Sweden Holding AB 

Reason: Is just a part of a large international Hotel group: NorGani. Accounting data 
would be misleading for the purposes of this study. 

Onemed Treasury AB 

Reason: Is just a part of a larger international firm: OneMed. Accounting data would 
be misleading for the purposes of this study. 
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A problem-solving perspective on strategies for 

appropriating environmental value Ð some implications 

from considering institutional solutions to social dilemmas 

 

Abstract: The paper outlines a framework of value creation and appropriation 

strategies available to firms that address environmental problems. It does so by 

utilizing the idea that valuable problem-solution pairs correspond to opportunities and 

by describing why many environmental problems are ÔvaluableÕ problems as defined 

by the problem-solving perspective of the firm. Considering social dilemmas as the 

main hurdle for the appropriation of environmental value by firms, the paper derives 

four appropriation strategies for environmental innovations by drawing on the 

literature on economic institutions. The appropriation strategies are labelled eco-lean, 

eco-branding, eco-lobbyism and eco-transaction design. 

 

Keywords: environmental innovation; green innovation; appropriation; value creation 

and appropriation; business case for sustainability; social dilemma; institutions; 

problem formulation; problem-solving perspective. 
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1 Introduction  

Current economic activity is unsustainable from an environmental point of view 

(Stern et al., 2006; IPCC, 2007). Because firms are among the most potent problem-

solving organizations in contemporary society, for decades researchers have been 

studying how firms may be induced to (i.e. profit by) addressing environmental 

problems (e.g. Ashford et al.., 1979; Runge, 1987; Hart, 1995; Horbach, 2008). While 

there are certainly cases where firms have profited from addressing environmental 

problems (e.g. Porter and Van der Linde, 1995a), it is also clear that there is no simple 

linear relationship between firmsÕ environmental performance and financial 

performance (Lankoski, 2008). There is still much we do not know about how and 

when firms may profit from addressing environmental problems. This has led to 

repeated calls for further theory on how firms may link environmental performance 

with financial performance (e.g. Ullman, 1985; Arag—n-Correa and Sharma, 2003; 

McWilliams and Siegel, 2001; Rowley and Berman, 2000; Schaltegger and 

Synnestvedt, 2002 and Lankoski, 2008). 

The starting point of this paper is that one of the main reasons as to why it is difficult 

for firms to build a business case for addressing environmental problems is that 

although firms may often be in a position to create value by addressing environmental 

problems, they often struggle to appropriate a large enough share of that value for 

themselves and their shareholders. One of the main reasons for this is that 

environmental problems often can be represented as social dilemmas; i.e. situations 

when the rational (short term) interest of the individual is in conflict with the (long 

term) interest of the collective (Ostrom, 1990; Pigou, 1932; Hardin, 1968). Social 

dilemmas have been called by many names, including the public-good problem 

(Olson, 1965), the free-rider problem (Alchian and Demsetz, 1972), the credible 
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commitment dilemma (Williams et al, 1997) and the tragedy of the commons (Hardin, 

1968). There exist both local environmental problems that can be described as social 

dilemmas, such as overexploited water basins for irrigation or overexploited inshore 

fisheries (Ostrom, 1990) and global problems, such as emissions of substances that 

could affect earthÕs climate or the ozone layer. 

Previous research in the field of new institutional economics has found that the 

existence of some types of formal and informal institutions can serve as solutions to 

social dilemmas (e.g. North, 1990; Ostrom, 1990; Williamson, 2000). Many of these 

insights have yet to be applied to the field of environmental strategy and the business 

case for sustainability. As this paper will attempt to show, the notion of institutions as 

solutions to social dilemmas holds much promise as a starting point for a theory of 

how firms may appropriate value from addressing environmental problems. 

By leveraging and influencing the institutional rules of the game, firms may be able to 

appropriate a larger share of the value created from addressing environmental 

problems. As institutions exist and evolve at multiple levels, such as values and 

norms, formal regulations and contractual relations (Williamson, 2000), this implies 

several different strategies that firms may use to increase the share they appropriate 

(i.e. capture) of the value created by addressing environmental problems. The basis in 

the field of new institutional economics thus serves as a way to derive several 

previously separate aspects of environmental strategy (such as eco-branding, product-

service systems and NGO-partnerships) from a common theoretical framework. 

The paper contributes to the field of environmental strategy in two ways. First, it 

introduces the problem-solving perspective of the firm (e.g. Pounds, 1969; Nickerson 

and Zenger, 2004), to explain the inherent business opportunities in the addressation 

of environmental problems. Second, and perhaps more importantly, it applies the 
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notion of institutions as solutions to social dilemmas (e.g. Ostrom, 1990; Williamson, 

2000) to environmental strategy, and thus creates a coherent theoretical framework of 

the appropriation strategies available to firms that address environmental problems. 

The paper begins by introducing the problem-solving perspective of the firm and the 

existence of valuable environmental problems. It then describes the notion of social 

dilemmas. This is followed by a description of institutional solutions to social 

dilemmas, which leads into the main part of the paper Ð the description of four 

generic strategies used by firms to appropriate value when addressing environmental 

problems. The paper is concluded by a discussion of the limitations of the paper and 

some ideas for further research. 

2 Value creation and appropriation: a problem-solving perspective 

In order to survive in a competitive market, a firm must appropriate economic 

value. Excepting rent-seeking behaviour, firms typically achieve this by 1) creating 

value Ð typically for customers, and 2) capturing a part of that value Ð typically via 

revenues, which need to be larger than the firmÕs costs of creating the value in the 

first place. The logic of how a firm creates and appropriates economic value by taking 

advantage of an opportunity is typically referred to as the firmÕs business model 

(Bjšrkdahl, 2007; cf. Osterwalder and Pigneur, 2009). The two prerequisites for 

designing an economically sustainable business model is thus a strategy for how the 

firm may 1) create value and 2) appropriate a large enough share of that value to 

attract the required resources. This section describes how firms may create value by 

addressing environmental problems, and the subsequent sections describe how they 

may appropriate a large enough share of that value by leveraging various institutions. 
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From a problem-solving perspective of the firm (Nickerson and Zenger, 2004), 

firms create value by solving valuable problems. Related, an opportunity is defined as 

a valuable problem-solution pair (Hsieh et al.., 2007).  Thus, the first prerequisite for 

a profitable business model is the identification of a valuable problem Ðsolution pair. 

If there are environmental problems that are likely to have considerable larger 

negative effects over time than the cost of their solutions, there should be significant 

potential for opportunities for firms that can solve such environmental problems. 

2.1 Valuable environmental problems 

A problem is defined as a difference between a perceived current state of affairs 

and an imagined preferred future state of affairs (Simon, 1978) as experienced by 

some subject (Landry, 1995), here referred to as the problem-owner. In addition, it 

must be significant to the involved stakeholders, solvable by some agent, but not 

trivially so by the beneficiary of the problemÕs solution (Agre, 1982). A problem-

solution pair is valuable if the cost of the solution is lower than that of the problem 

(Hsieh et al., 2007). 

Environmental problems are the set of problems in which the preferred state of 

affairs involves the preservation of the suitability of the natural environment (cf. 

Johnson et al., 1997) for future human needs. Thus, the perspective used here is 

anthropocentric in the same sense as for example the Brundtland commissionÕs 

definition of sustainable development (UN, 1987). The preferred state of affairs is the 

necessary conditions of an environmentally sustainable society, for example 

operationalized as the first three system conditions of The Natural Step (e.g. RobŽrt et 

al., 2000; Holmberg, 1995)i. 
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For an environmental problem to be a valuable problem, there must exist solutions 

that are less costly than the negative consequences of the environmental problems. 

That leaves the question: Are any environmental problems costly, and are their 

solutions less costly? As of yet, there is no commonly accepted way to estimate all the 

potential costs of not achieving the preferred state of affairs for all environmental 

problems.ii  However, for specific environmental problems there are indeed some 

estimations that not doing so would be costly. The most well known such estimation 

is likely the so-called Stern review (Stern et al., 2006). The report focuses primarily 

on the failure to meet certain aspects of the first system condition, resulting in global 

climate change. The report estimates that the cost could potentially be as large as 20% 

of world GDP. In relation, Stern et al. estimate that a solution to the problem would 

likely cost substantially less, estimated as 1-2% of GDP. 

Other examples of environmental problems that will likely be more costly to 

ignore than to solve include loss of biodiversity and man induced changes in the 

nitrogen cycle (Rockstršm et al., 2009). For example, Perrings (1995) describe some 

convincing arguments for why loss of biodiversity may severely affect the resilience 

of eco-systems Ð potentially affecting many human economically important activities 

such as agriculture. Vitousek (1997) estimates that problems related to the nitrogen 

cycle, if left unchecked, could severely affect the economics of coastal fisheries.  

Some environmental problems tend to be local problems, for example those related 

to water shortages. This makes a global estimation of the costs of the unresolved 

problems as compared to the cost of the solution more difficult, but for local profit-

seeking entities the potential cost-savings are nonetheless real. For example, 

Blomquist (1987) in Ostrom (1990, p. 134) estimates that without effective 

management of local water basins in southern California, the cost of water for local 
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agricultural businesses could have increased by as much as 780 per cent, whereas the 

solution that was enacted increased the cost with only (!) 200 per cent, as compared to 

the previous unsustainable cost.  

In summary, there exists several environmental situations that are costly and that 

could be solved at a lower cost than the status quo would bring, but not trivially so by 

their beneficiaries. In other words there exist valuable problems in the set of 

environmental problems. This means that the first prerequisite for economically 

sustainable business models for firms that address environmental problems is in place: 

i.e. that firms can create value by addressing some environmental problems. The 

second prerequisite for an economically sustainable business model is that there is a 

way for the firm to appropriate a large enough share of the created value. The set of 

appropriation strategies available to firms is described in section five. However, in 

order to derive them, we will first turn to the issue of social dilemmas and how 

institutions can serve as social mechanisms to overcome them. 

3 Social dilemmas 

A social dilemma is a situation in which Òindividuals in interdependent situations 

face choices in which the maximization of short-term self-interest yields outcomes 

leaving all participants worse off than feasible alternatives.Ó (Ostrom, 1998, p. 1) 

Because the problem-owner of social dilemma problems in effect is the ÔcollectiveÕ, 

i.e. the sum of the involved actors, there is no individual actor that has the incentives 

to solve the problem as long as the situation shares the pay-off structure of a social 

dilemma Ð even if the environmental problem is a valuable problem (cf. Dawes, 

1980). This section describes the relevance of social dilemmas for the (lack of) 



 8 

incentives for firms to address environmental problems and the conditions under 

which cooperation can occur in social dilemma situations. 

An example of an environmental problem that can be represented as a social 

dilemma is the overuse and related decline in the economic value of a common-pool 

resource, such as an inshore fishery. In such a situation, it would be rational for the 

collective to keep fishing quotas at a level optimizing regrowth of the stock. However, 

it will not be rational for individual profit-seeking firms, i.e. fishermen, to address the 

problem, i.e. reduce their individual catch, unless there is a change in the pay-off 

structure of the situation. Other examples of environmental problems that can be 

represented as social dilemmas include global climate change, ozone layer depletion, 

fresh water depletion and over-irrigation, air and ocean pollution (including the 

aforementioned impact on the nitrogen cycle via, among other things, the production 

of fertilizers). In social dilemmas, even valuable environmental problems that are 

properly understood may not be perceived as opportunities by individual firms.  

Social dilemma situations are often modelled as iterated prisonersÕ dilemma games 

(Ostrom, 1990). PrisonersÕ dilemma games have been extensively studied both 

analytically and in laboratories in relation to the potential emergence of cooperative 

strategies. It is thus a useful analytical tool for the final part of this section dealing 

with the emergence of cooperation in social dilemma situations. A prisonersÕ dilemma 

game is a game theoretical situation in which two players are in a symmetric situation 

where each player may choose between the strategies ÔcooperateÕ and ÔdefectÕ, and 

where the pay-offs of the strategies are such that each player is tempted to choose 

defect no matter what the other player chooses, but if both players choose that 

strategy, their respective pay-offs are lower than if both had chosen cooperate.  
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Assume that each player in the game is a firm that may choose to address an 

environmental problem that can be represented as a social dilemma. It may be a firm 

that can cut all of its greenhouse gas emissions, at a certain cost. The firm can then 

choose the strategy cooperate (i.e. cut the emissions) or defect (do nothing). The 

firmÕs competitors face the same choice. If the firm chooses ÔcooperateÕ, it will incur 

the costs but the benefits will be shared. The competitors then face the decision of 

getting a cost advantage vis a vis the first firm, or to also cooperate. It can be shown 

that, under conditions of competition, players (firms) that choose the defect option 

will on average outperform those that choose cooperation in a prisonersÕ dilemma 

game (Nowak, 2006). 

3.1 Cooperation in social dilemmas 

When actors seeking to maximize their individual pay-offs are put in a situation 

that can be represented as a one-off prisonersÕ dilemma game, such as many social 

dilemmas (Ostrom, 1990), the predicted outcome is that rational players will not 

cooperate (Nowak, 2006). Because of the definition of the situation, the only way to 

address this is to change the pay-offs of choosing a particular strategy. Such changes 

to the pay-offs can involve an authority that enters the game at a meta-level and 

punishes or rewards certain behaviours, as suggested by Hardin (1968). However, the 

required changes in the game can also emerge as one introduces a few minor, but 

arguably realistic, changes to the situation which do not require the presence of an 

omniscient and omnipotent authority. 

One example of such changes that is likely to lead to the emergence of cooperative 

behaviour (Axelrod and Hamilton, 1981; Axelrod, 1984) are: an unknown number of 

iterations of the game (after all, people often interact more than once); that future pay-
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offs are not discounted too heavily (otherwise, iteration is meaningless); that players 

have memory of previous rounds; that players can recognize other individual players; 

that sometimes several players cooperate simultaneously; and that strategies that gain 

higher cumulative pay-offs will be imitated by other players.  

In such a case, strategies that involve at least conditional cooperation are predicted 

to eventually dominate an ecology described by iterated n-player prisoners’ dilemma 

games (Axelrod and Hamilton, 1981; Axelrod, 1984).  

If one adds the notion that individuals gain reputation in the player population of 

the iterated game, cooperative strategies become even more viable (Kreps et al., 

1982). Further, if the game allows players to choose to punish (at a cost) non-

cooperative behaviour among the other players cooperative strategies are further 

facilitated (Ostrom, 2000).  

In experimental settings, the behaviour necessary for cooperation to emerge seem 

to be common enough, with around 30-40% of participants choosing to initially 

cooperate (Tversky, 2004) and a significant number of participants usually being 

willing to punish non-cooperative behaviour at a private cost (Ostrom, 2000).  

One way to interpret these observations about iterated games is that a meta-game 

emerges at a level above the original game that changes the pay-offs of the game 

actually played (Ostrom, 1998).  

4 Institutions as solutions to social dilemmas 

The previous section concluded that when the rules of a game that represents a 

social dilemma situation are altered, cooperation can emerge – even in social dilemma 

situations. However, the conditions for cooperation outlined in the game-theoretical 
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literature described above is highly formalized and specific, and is not quite suited to 

analyse the more complex and contextually dependent situations of firms. The study 

of institutional economics (e.g. Ostrom, 1990; North, 1990; Williamson, 2000), on the 

other hand, gives us a more easily applicable level of understanding as to how the 

required changes in pay-offs can be – and has been – achieved in society. In fact, the 

term ‘institutions’ has even been referred to by the cited literature as meaning 

precisely “the rules of the game” (North, 1990, p. 3). Further, it has been argued that 

institutions serve as meta-solutions to social dilemmas in that they change the pay-

offs of social dilemma games (Ostrom, 1990). The main reason that institutions are 

useful as an analytical tool in this paper is that they can be broken down into separate 

types or levels, which in turn lend themselves quite well to the type of analysis 

typically employed in strategic management. Williamson (2000) provides just such a 

breakdown of the concept in a paper providing an overview of the field of new 

institutional economics. More specifically, Williamson specifies four interrelated 

levels at which institutions exist and affect economic activity.  

The first level of institutions describes informal rules such as norms, customs and 

traditions (Williamson, 2000). Those institutions evolve rather than are designed, and 

they evolve slowly – typically over hundreds of years (ibid). Although many authors 

struggle to determine exactly how first level institutions affect actual economic 

decisions they are believed to nonetheless do so (e.g. Williamson, 2000; North, 1991). 

Assuming that they do – how do they affect environmental problems? Since the 

nature of these rules is clearly informal, they imply what – in lack of a better word – 

can best be described as voluntary actions. An example of such cooperative actions 

would include consumers that buy so-called green products to signal to peers, and 
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perhaps to themselves, their compliance with cooperative behaviour (Griskevicius et 

al., 2010).  

The second level of institutions describes the formal rules of the market place, 

such as property rights, laws and even constitutions (Williamson, 2000). Second level 

institutions may either evolve or be intentionally designed (ibid). Second level 

institutions correspond to the often taken-for-granted as supposedly the only viable 

solutions to social dilemmas (cf. Ostrom, 1990, ch.1) that were described in Hardin’s 

seminal paper from 1968. That is, access to a common-pool resource can be either 

regulated or the resource can be privatized – i.e. be protected by property rights. 

Solutions of this type could include taxes levied on polluters (e.g. a polluters pay 

principle), cap-n-trade schemes on various sorts of pollution (e.g. the CO2 emissions 

trade system of the EU) or the banning of certain substances (such as for example 

CFCs by the Montreal protocol).  

The third level describes the institutions of governance, focusing on contracts and 

contractual relations (Williamson, 2000). Such contracts are typically reviewed and 

either renewed, cancelled or redesigned in a period between a year and a decade 

(ibid). Third level institutions are usually designed by pairs or groups of independent 

economic actors (i.e. firms) but may be enforced, when necessary, with the help of a 

third-part or authority – such as a national government. They may serve as solutions 

to environmental problems by aligning the incentives of the partaking contractors to 

ensure cooperative behaviour and by providing a means to make credible 

commitments to other actors. An example would be when a supplier contracts with 

customers to provide the desired utility rather than an input component (cf. Mont, 

2004; Roy, 2000; 2009), which may create incentives to produce a product of 

maximal durability or effectiveness.  
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Finally, the fourth level of institutions describes what Williamson (2000) labels 

“specific resource allocations” (p. 597), including for example adjustment to changing 

prices and outputs (ibid). This corresponds to the basic micro-economic analysis of 

how firms will respond to changing prices of natural resources (ibid). This 

institutional level corresponds to the tendency of firms to adapt to changing market 

conditions, such as increasing resource scarcities. In contrast to the three preceding 

institutional levels, fourth level institutions do not facilitate cooperation in social 

dilemma situations. That said, it should be acknowledged that in the absence of social 

dilemmas, they do indeed facilitate cooperation (i.e. create incentives for actions 

beneficial to the collective) via the price mechanism and transactional exchange.  

Because the institutions described above govern a very broad array of economic 

activities in any sort of economic system, the specific types of institutions related to 

addressing environmental problems that can be described as social dilemmas will 

henceforth be referred to as eco-environmental institutions. This corresponds to the 

subset of institutions at level one, two and three which affect environmental problems. 

The fourth level institutions, which do not help resolve social dilemmas, are not 

discussed as eco-environmental institutions below. However, because they essentially 

correspond to the issues of traditional micro-economic analysis (Williamson, 2000) 

they are implicitly dealt with in relation to environmental problems not related to 

social dilemma situations (section 5.1). 

5 Appropriation strategies for firms that address environmental problems 

The second section described that there are environmental problems that are 

valuable problems and thus fulfil the first prerequisite for a business case for 

environmental sustainability; i.e. value creation. The third section described social 
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dilemmas as a source of difficulty in fulfilling the second prerequisite, i.e. value 

appropriation. The fourth section described institutions as meta-solutions to social 

dilemmas. This far, the level of analysis has been either abstract (social dilemmas 

represented as games) or at the level of society (the notion of institutions). The 

purpose of this section is to describe some implications for profit-seeking firms in 

terms of available strategies to appropriate value from addressing environmental 

problems. The appropriation strategies are grouped into four categories.  

The relation between the four strategies and the existence of social dilemmas is 

illustrated in Figure 1 below. Their general content is summarized in Table 1 below. 

The first appropriation strategy applies to situations when firms may appropriate 

environmental value even under anonymous, transactional exchange. In Figure 1, it is 

labelled ‘eco-lean’. The three remaining appropriation strategies apply to situations 

when there is a clear social dilemma associated with the addressed environmental 

problem. In turn, they describe how a firm may use 1st, 2nd, and 3rd level eco-

environmental institutions to appropriate value when creating value by addressing 

environmental problems. The appropriation strategy that leverages norms and values 

to overcome the social dilemma is labelled ‘eco-branding’. The appropriation strategy 

that influences or leverages formal rules and regulations to overcome the social 

dilemma is labelled ‘eco-lobbyism’. The appropriation strategy that uses contractual 

designs to overcome the social dilemma is labelled ‘eco-transaction design’. The case 

of when no solution to the social dilemma is found is denoted by the label ‘no 

business case’ in the figure. 

 

===================== 
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== FIGURE 1 ABOUT HERE == 

===================== 

 

Each appropriation strategy is defined in terms of what firms may do actively. 

Thus, passive responses such as responding to existing regulation or old contractual 

relations are not included. Further, the appropriation strategies described here focus 

on ways to increase revenues or reduce costs, to keep within the theme of the 

prerequisites for building a business case for addressing environmental problems. 

There could also other benefits of more strategic nature associated with the general 

type of strategies outlined below, which are not within the scope of this paper. An 

example of such a benefit, only indirectly treated here, is the use of eco-regulation to 

raise the barriers to entry of an industry. Another is the use of eco-branding to 

improve community relationships for faster and easier administration and bureaucracy 

surrounding local siting or expansion or improved stakeholder integration with 

environmental groups may give you help with formulating and solving pressing 

environmental problems (Sharma and Vredenburg, 1998). 

Each sub-section begins with a definition of the appropriation strategy. This is 

followed by a brief explanation and some references to relevant literature describing 

related behaviour. The section is concluded by some real-world examples of revenue 

generating as well as some cost reducing realizations of the described appropriation 

strategy. 
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5.1 Eco-lean 

Eco-lean is when firms capture economic value by reducing their environmental 

impact independently of eco-environmental institutional influences. Thus, in cases 

were eco-lean is an appropriate appropriation strategy, firms are able to appropriate 

environmental value irrespective of institutional influences, in essence by adapting to 

a changing market environment related to environmental problems. ‘Lean’ refers to 

that these strategies reduce the natural waste by the firm, i.e. increase the amount of 

output per input in terms of natural resources. Eco-lean is often part of good 

management in general, even when one has received no information about 

environmental problems. However, it should be noted that lean improvements which 

do not reduce the environmental impact of the firm, for example reductions in 

unnecessary worker movements, are not considered eco-lean. 

In the literature on environmental strategy, one finds examples of eco-lean in 

arguments along the lines of “lean is green” (e.g. Florida, 1996). Many researchers 

make reference to the potential for quality improvements resulting from better control 

over inputs and processes resulting from environmental programs (e.g. Porter and Van 

der Linde, 1995a, 1995b; Lankoski, 2000; Steger et al., 2004; Esty and Winston, 

2006; Salzmann et al., 2005). Throughout history, many firms have been able to 

switch their costs for handling industrial by-products to revenue sources by 

identifying potential uses for the by-products in other industries (Desrochers, 2010).  

Some cases of eco-lean relates to increasing revenues. Firms might differentiate 

their offer by decreasing their customers’ costs by reducing the customers’ 

consumption of scarce (natural) resources. For example, it is often considered a good 

feature for a consumer car to have low fuel consumption, as exemplified by the 
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Toyota Aygo. Another example is the bearing manufacturer SKF, primarily pursuing 

a differentiation strategy and profitably selling high quality bearings (“E2”) 

differentiated by their low friction and consequent energy savings. A third example of 

eco-lean, but which increases product quality rather than decrease costs of ownership 

is related to the Dutch flower industry. Some tulips are now grown in a closed loop 

system with rock wool instead of soil, which has allowed the Dutch to achieve 

extremely low variation and superior quality of their flowers while simultaneously 

reducing the environmental impact of their operations significantly (Porter and Van 

der Linde, 1995b). 

Many cases of eco-lean are related to cutting costs. Examples of ways to 

appropriate the created value in these cases include improving energy efficiency to 

decrease fuel costs and green house gas emissions, process innovations that reduce 

material intensity and recycling in the cases where recycled materials can be made 

cheaper than raw materials. For example, UPS has managed to decrease the fuel 

consumption of the fleet of delivery trucks by tweaking their GPS software to 

consistently avoid fuel-consuming left-turns (Lovell, 2007). Another well-known 

example includes 3M, which through their 3P program has managed to save an 

estimated 1.4 billion US dollars (3m.com, 2010-08-20) on internal cost savings. By 

reducing the amount of environmentally harmful and non-recyclable packaging, 

packaging and transportation costs may in some cases be reduced. Reduced material 

intensity may also reduce waste disposal costs (Lankoski, 2008). 

5.2 Eco-branding 

Eco-branding is when firms capture economic value from their low environmental 

impact by leveraging first level eco-environmental institutions.  
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The term ‘branding’ is chosen to communicate that the appropriation strategy is 

based on signalling the relevant low environmental impact to stakeholders. Because 

the firm’s stakeholders may carry certain values regarding so-called pro-social 

behaviour, environmental performance might in some cases be considered an 

additional and relevant performance dimension to compete on. For example, some 

consumers might prefer a brand of soap that is less toxic if other performance 

dimensions are equivalent – but only as long as they are aware of the superior 

environmental performance. In fact, if customers are not aware of the superior 

environmental performance but still prefer the soap, it is by definition not a case of 

eco-branding but of eco-lean.  

The appropriation strategy eco-branding is most often brought up in the green 

marketing literature (e.g. Hartmann et al., 2005; Ottman, 1998; Grant, 2007), 

typically in relation to product positioning or customer loyalty (cf. Ottman, 1998). 

Even a commodity product such as electricity can be somewhat successfully branded 

as ‘green’ (Roe et al., 2001). The use of eco-labels to increase margins or market 

share (cf. Nimon and Beghin, 1999; Gallastegui, 2002) can be viewed as a means to 

achieve the end of eco-branding. Some authors also describe opportunities for eco-

branding in relation to employer branding (e.g. Walker Information, 1999, in Holliday 

et al., 2002). 

Most revenue oriented success cases of eco-branded consumer products has 

hitherto mostly been found in the foods, cleaning and personal care sectors (Esty and 

Winston, 2006). On the other hand, the Toyota Prius car – while arguably not of 

exceptionally high environmental performance compared to many other cars (cf. 

CNW, 2006; Gleick, 2007) – also seems to be a case of very successful eco-branding. 

In addition, a green brand, perhaps helped by the use of eco-labels, will allow the firm 
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to enter the growing market for environmental goods and services. It should be noted 

that Esty and Winston (2006) found that some firms perceive eco-branding as a fairly 

difficult way to profit from addressing environmental problems. This might be 

explained by that the influence of 1st level institutions may be weak for less 

conspicuous product categories (Ozaki, 2011; cf. Griskevicius et al. 2010). In other 

cases, it may be related to a perceived risk of greenwash accusations (e.g. Bruno and 

Greer, 1992). 

An example of an area in which eco-branding can help improve cost effectiveness 

is staffing. Arguably this is most important for hiring young and particularly 

environment conscious employees (Lankoski, 2000). In the case of the United 

Kingdom, a survey showed that high-achieving graduates used environmental 

reputation and performance as a criterion when selecting jobs to apply for (Oates, 

1996). In the case of Sweden, one needs only to look at the closest job advertisements 

to find examples of firms pursuing such a strategy (e.g. ABB and Bombardier in 

NyTeknik, 2011-04-11). 

Because eco-branding describes activities where firms leverage first level 

institutions, and because first level institutions may influence second level institutions 

(Williamson, 2000), there are situations in which eco-branding can be considered a 

complementary activity to the next appropriation strategy: eco-lobbyism. Such 

situations correspond to what has sometimes been referred to as rule-finding discourse 

or “meta-meta games” (Pies et al, 2009). An example of that is the CEO of Scania (a 

global manufacturer of trucks pursuing a differentiation strategy) published a debate 

article in a national newspaper (Nyteknik, 2009-05-09) arguing that environmental 

values should be allowed to play a larger role in the road transport industry.  
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5.3 Eco-lobbyism 

Eco-lobbyismiii  is when firms capture economic value from their absolutely or 

relatively low environmental impact by influencing second level eco-environmental 

institutions. Eco-lobbyism allows firms to appropriate value created by addressing 

environmental problems because it allows them to hasten the resolution to social-

dilemmas. 

Appropriation of the environmental value becomes more viable as regulation is 

changed to compensate for market failures in relation to environmental costs, in effect 

making the firm’s environmental performance a case of eco-lean under the new 

regime. Examples of publications that deal with eco-lobbyism include Crouse (1998), 

Rugman and Verbeke (2000), Barett (1991), the literature on ordonomics (Pies et al, 

2009; 2010), and to some extent, Salop and Scheffman (1983).  

Eco-lobbyism can be used to increase revenues by differentiating an offer that 

addressed an environmental problem, for instance by adding features to the offer. One 

case of such a feature is that in some Swedish towns certified low emission cars may 

receive substantial parking benefits according to local regulations (Mingardo, 2008).  

In a situation were a firm’s so called green offer has substantially better 

performance than other eco-friendly alternatives, but the firm’s normal offer has no 

advantage over other normal alternatives, the firm can increase market share if all 

normal (non-green) offers were made more expensive or effectively removed (cf. 

Salop and Scheffman, 1983). A case in point is when DuPont increased market share 

and profits from the legislative phase-out of chlorofluorocarbons via the Montreal 

protocol, even though they sold chlorofluorocarbon-based products for 500 million 
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US dollars per annum. The reason being that, comparatively speaking, DuPont 

excelled in the substitute technology (Esty and Winston, 2006). 

Eco-lobbyism can also help firms achieve, if not necessarily lower costs, at least a 

cost advantage vis a vis competitors or substitutes. One such example is the firm 

Champion Paper, which benefited highly from tougher environmental regulation of 

the timber industry, because the new regulation hit Champion PapersÕ north western 

forests, and thus competitors, disproportionally hard (Esty and Winston, 2006). 

Another set of cost related benefits can sometimes be achieved by simply over 

complying with 2nd level institutions Ð regulations Ð by resulting in less time, money 

and reputation lost and less uncertainty created in litigation. It can also reduce the risk 

or magnitude of liability costs.  

5.4 Eco-transaction design 

Eco-transaction design is when firms capture economic value from the low 

environmental impact created by both sides of the transaction by designing third level 

eco-environmental institutions. Eco-transaction design allows firms to appropriate 

environmental value because it lets firms resolve social-dilemmas by creating a 

mechanism for credible commitment through the design of third level eco-

environmental institutions. Economic value is created through eco-transaction design 

because certain contractual relations favours solutions that are eco-lean as viewed 

from across organizational boundaries. 

A prerequisite for eco-transaction design appropriation strategies is an opportunity 

to increase the total value created in two firms in a way that reduces environmental 

impact. This typically occurs as the firm switches between selling a product to selling 

a service, solution or function (Mont, 2004). As the two firms become more 
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integrated, a phenomenon very similar to the one allowing value creation in cases of 

eco-lean (above) can become a possibility, but in the case of eco-transaction design it 

happens as viewed from the perspective of the value chain rather than from the 

perspective of an individual firm. When such integration creates economic value, 

either or both firms have the opportunity to capture part of the increased value, as 

specified by the contractual relation between the buyer and seller.  

In the environmental strategy literature, this type of service oriented business 

model innovations with sustainability advantages is often referred to as product-

service systems (e.g. Mont, 2004). In the case of the chemical industry, a similar 

phenomenon is referred to as chemical management services (Stoughton and Votta, 

2003). Research on product-service systems indicates that firms that move 

downstream in the value chain by taking over parts of their customersÕ activities can 

appropriate a significant part of the created value, for example through increased 

margins (Mont, 2004; Roy, 2000, 2009; Bates et al., 2003). In the case of eco-

transaction design for cost-reduction, the literature on Ògreen supply chain 

managementÓ (Sarkis, 2003) describes similar opportunities. The logic is similar, 

though the perspective is often more tilted towards that of the buyer than the literature 

on product-service systems. 

An example of a revenue oriented eco-transaction design strategy includes so-

called functional sales. For example, Gšteborg Energi AB, a utility firm, profitably 

sells a guaranteed temperature rather than heat by the kilowatt-hour to many of its 

customers (cf. Roy, 2000). Another example is the monitoring (of water and polymer 

consumption, among other things) and related maintenance contracts of AlfaLavalÕs 

Octopus sludge dewatering system.  
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An example of cost oriented transaction design innovations is when Portland State 

University redesigned their contract with their waste hauler to compensate the waste 

hauler for recycled materials. Before the contract change, the waste haulerÕs 

incentives was to collect as much waste as possible, whereas after the change the two 

parties could share in the savings from reduced waste volumes (Hitchcock and 

Willard, 2009). In another example, described by Stoughton and Votta (2003), 

General Motors achieved cost savings of 30% and chemical use reduction of 30% 

when changing the contractual relations with their supplier to purchase painted car 

doors instead of paint. 

 

=====================  

== TABLE 1 ABOUT HERE ==  

=====================  

 

6 Discussion 

The paper began by arguing that for a business case for addressing an 

environmental problem to exist, there are two necessary prerequisites: that firms 

devise a business model for the creation and appropriation of value by addressing the 

problem. In the second section, based on a problem solving perspective of the firm 

(Nickerson and Zenger, 2004; Hsieh et al., 2007), it was argued that there exist plenty 

of valuable environmental problems that fulfil  the first prerequisite. In the third 

section, the paper then argued that the second prerequisite, the issue of value 

appropriation, is difficult for firms because many environmental problems correspond 
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to social dilemmas. The fourth section described how various types of institutions can 

serve as meta-solutions to social dilemmas. In the fifth and previous section, the paper 

used a typology of institutions (Williamson, 2000) to derive four generic 

appropriation strategies available to firms. These were labelled eco-lean, eco-

branding, eco-lobbyism and eco-transaction design. These four appropriation 

strategies constitute the framework presented in this paper. 

The paper has contributed to the literature on environmental strategy in compiling 

and putting names to several types of appropriation strategies that are available to 

firms with the capability to address environmental problems. The presented 

framework has managerial implications in the sense that managers could with the 

support of such a framework ÒseeÓ appropriation strategies when considering the 

business case for addressing a particular environmental problem. In contrast to many 

other lists of clever environmental innovations, which have tended to be more or less 

arbitrarily ordered lists of business benefits reported from various firms, the 

appropriation strategies presented in this paper are derived from more general social 

science theories, such as new institutional economics, a problem-solving perspective 

of the firm and the study of social dilemmas. Hopefully, that will increase its 

parsimony with more generally applicable models of firm behaviour and strategic 

management, as well as increase the likelihood that the appropriation strategies are 

inclusive of the whole phenomenon of firm appropriation of environmental value.  

The paperÕs contribution is also relevant to the more general discussion of the 

business opportunities inherent in social dilemma situations, as described under for 

example the framework of ordonomics (e.g. Pies et al, 2009; 2010). This paper has 

added the perspectives of value appropriation and the problem-solving perspective of 

the firm to that discussion. However, while the argument outlined in this paper 
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certainly acknowledges, and at times also has touched upon, the importance of the 

rule-finding discourse (the Ômeta-meta gameÕ) in that literature, the focus has been on 

the rule-setting process (the Ômeta gameÕ). In addition, this paper has not made a 

distinction between multi-sided and one-sided social dilemmas (Kreps, 1990) as used 

in the literature on ordonomics. A potentially promising avenue for further research, 

perhaps based on a number of in-depth case studies, could be to consider which of the 

appropriation strategies tend to be more useful in resolving either kind. For example, 

it seems likely that strategies in the category of eco-transactional design would tend to 

more often be oriented towards overcoming one-sided social dilemmas, i.e. situations 

in which only one player has a temptation to defect, than for example strategies in the 

category labelled eco-lobbyism.  

Although the paper utilizes many real world examples of appropriation strategies, 

nonetheless it is a conceptual paper. Thus, the appropriation strategies lack empirical 

validation. This leads to questions like: Do the four appropriation strategies in 

practice overlap to such a degree as to make the distinction unusable? And are there 

other types of important appropriation strategies, in practice used by firms, but which 

are not covered by the appropriation strategies described above? Such questions 

probably cannot be answered without further empirical studies. One possible way 

forward would be to construct a questionnaire to be tested on firms, preferably 

differentiated by their low environmental impact, in which each appropriation strategy 

corresponds to a construct. To address the first question above, the results pertaining 

to the constructs could then by analysed for mutual dependence or orthogonallity, 

such as by, for example, a factor analysis. 

The appropriation strategies presented in this paper are together referred to as a 

framework. Although one may argue that the presented framework has a suggested 
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range of application and a number of key elements useful to describe the discussed 

phenomena, it does not constitute a model or a theory, as it lacks propositions about 

the relations between the elements. It could well be that some of these appropriation 

strategies only are useful when used in combination with other strategies. For 

example, it may be so that eco-lobbyism is most effective when used in combination 

with eco-branding. Such questions suggests that further empirical studies, such as the 

proposed survey, could be useful in order to develop the framework into a possible, 

future, tentative theory of appropriation of environmental value. In defence of the 

framework as such, it seems fitting to borrow the argument of Ostrom (1990) in 

which she states that the main use of her framework is not in making predictions, but 

in helping explicate which literature is useful to analyse which cases. Hopefully, the 

framework presented in this paper can be of similar usefulness, if only on a smaller 

scale. 
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Endnotes 

                                                

i ÒIn order for society to be sustainable, natureÕs functions and diversity are not systematically 

subject to: I. increasing concentrations of substances extracted from the Earth's crust; II. increasing 

concentrations of substances produced by society; III. physical impoverishment by over-harvesting or 

other forms of ecosystem manipulationÓ (Rob•rt et al.., 2000) 

ii  The difficulties involved in estimating the costs correctly belong more to the field of ethics than 

to strategic management, and are thus considered outside the scope of this paper. Examples of such 

issues include choosing a correct discount function (e.g. hyperbolic or exponential discounting?), 

determining the correct denomination to evaluate the costs in (e.g. which ÔcurrencyÕ?) and determining 

whom the relevant problem-owners are (e.g. what are the rights of future generations?). This paper 

argues that it is reasonable to assume, based on the examples of estimations provided in section 2.1, 

that there exists many cases where the costs are sufficiently high that environmental problems would 

by most economic actors be considered more costly than their solutions. It is not the purpose of this 

paper to outline exactly which those cases are, but rather to describe how to appropriate a significant 

share of the value created when finding and addressing such cases. 

iii  The term ÔlobbyismÕ is used to communicate that this appropriation strategy, like the others, 

focus on active actions a firm may take. Simply complying with existing regulations is in this context 

considered passive. No moral valuation is intended with the term lobbyism. From societyÕs point of 

view, economic value is created through eco-lobbyism by the facilitation of regulation that internalizes 

negative externalities. More specifically, in the case of eco-lobbyism related to a firmÕs offers, the 

value creation occurs because offers with superior environmental performance achieve increased 

diffusion through the support of regulation. 
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Formulating problems for commercializing new technologies: 

The case of environmental innovation 

 

Summary  Starting with problems as the unit of analysis, this paper analyzes how a firm 

identifies and solves environmental problems and how this is translated into new environmental 

offerings. The paper shows that firms can employ parallel and unrelated problem formulation and 

solving processes for commercializing environmental technology where the sustainability vision is of 

major importance for the development of environmental innovations. We illustrate this empirically by 

analyzing a multinational mechanical engineering corporation that developed and launched what they 

describe as a Ôgreen product lineÕ to help customers to reduce their CO2 emissions. This paper 

contributes to the management literature by providing an empirical study of how firms formulate and 

solve environmental problems and how the reformulation into an environmental problem based on the 

firmÕs sustainability vision can change the initial value proposition into a more generic proposition, 

thereby increasing the profit potential though the generation of new applications and increased usage. 

Key words: Environmental innovation, green, problem formulation, problem solving, value creation, 

                   value capture 
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Introduction  

In the past decades research has shown that the economy is unsustainable from an 

environmental point of view (Stern et al., 2006; IPCC, 2007). It has been argued that a 

sustainable economy requires a reduction in environmental impact by a factor of between 4 

and 10, depending on the application (RobŽrt et al., 2000). The magnitude of the problem 

means that it is unlikely to be resolved only by the actions taken by consumers or firms 

serving users directly. Although demand for environmental sustainability is generated 

primarily downstream, the changes required would likely affect and potentially hurt upstream 

actors that are unprepared in terms of shifting demand. The complexity of the problem means 

that it also is unlikely to be solved by regulation and will require the cooperation of several 

parties (Porter and Van der Linde, 1995; cf. Ostrom, 1990). Thus, since the beginning of this 

century, the market has been shifting from a purely regulatory approach towards an upgrading 

of greening on the corporate agenda (Porter and Kramer, 2006). 

The drivers for companies to become greener and develop environmental or green offerings 

comprise a range of factors. First, as population and economic growth increase the pressure 

on, e.g., waste, water, and consumption of fossil fuels and raw materials, the economics of 

scarce resources are calling for new effective solutions with respect to the environment and 

energy. Thus, green initiatives often are directly related to the opportunity to decrease costs 

and increase efficiency (Florida, 1996; Lehni, 2000). Second, employee morale and a socially 

responsible image for the firm are important drivers of corporate sustainability initiatives 

(Keeble et al., 2005; Davies, 1960), and many firms are incorporating energy and carbon 

dioxide saving into their corporate social responsibility policies. Third, regulation is an 

important factor in corporate initiatives for becoming greener (Porter and van der Linde, 

1995). This includes regulation aimed at internalizing negative externalities but also subsidies 
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for certain technologies, and deregulation of certain markets. For example, in recent years, the 

energy market has undergone extensive deregulation, which has called for investment in this 

industry. In addition, political pressure for sustainable development implies the possibility of 

stricter regulation in the future. Fourth, there is arguably increased demand from both 

consumers (World Values Survey Association, 2008) and firms (Keeble et al., 2005) for 

environmentally friendly products, services and production processes. Fifth, and partly as a 

result of the above drivers, many firms see major opportunities for differentiation (Porter and 

Van der Linde, 1995; Mont, 2004) and other types of competitive advantage from 

involvement in environmentally friendly innovations (e.g. Sharma and Vredenburg, 1998). 

There are several definitions of what are broadly termed environmental innovations. Currently 

there is major policy interest in developing rigorous classification and indicators for these 

terms, e.g., at EU and OECD levels (Foxon and Andersen, 2009), and concepts often 

described as Ôenvironmental technologiesÕ or Ôclean technologies (cleantech)Õ. In the 

Environmental Technology Action Plan of the EU Commission, environmental technologies 

are defined as Òall technologies whose use is less environmentally harmful than relevant 

alternatives. They include technologies to manage pollution (e.g. air pollution control, waste 

management), less polluting and less resource-intensive products and services (e.g. fuel cells) 

and ways to manage resources more efficiently (e.g. water supply, energy-saving 

technologies)Ó (EU Com, IP/04/117). Similarly, the related concept of clean technologies is 

defined by the Cleantech Group as products, services, and processes intended to provide 

superior performance at lower cost, while greatly reducing or eliminating negative ecological 

impact and at the same time improving the productive and responsible use of natural 

resources.  
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However, as the environmental agenda has evolved so has our understanding of 

environmental innovation (Foxon and Andersen, 2009). The more preventive and integrated 

policy approach to environmental issues has changed the focus from end-of the pipe solutions 

to more front-end products that address market needs. Thus, environmental innovation 

embrace all technologies, products, solutions, processes, services, and new management and 

business methods that are more environmentally friendly than their relevant alternatives, and 

at the same time add economic value through lower costs or improved profitability. In 

summary, environmental innovations reduce net environmental impacts while creating 

economic value.  

There is growing interest in environmental considerations from firms (Keeble et al., 2005; 

Haanaes et al., 2011). To date, research has focused largely on demarcation (what is or is not 

green) and the drivers of corporate sustainability initiatives (why firms should care). Although 

there certainly exists work on the ÔhowÕ of creating environmental innovations (e.g. Sharma 

and Vredenburg, 1998; Hoffman, 2000; Epstein, 2008; Hutchinson, 1996; Stead, 1995; 

Roome, 1992; Mont, 2004; Lankoski, 2008; Steger et al., 2004; Porter and Van der Linde, 

1995; Esty and Winston, 2006; Carrillo-Hermosilla et al., 2009), there is still much we do not 

know. In particular, it has been argued that for environmental innovations to be developed, 

the role of a clear sustainability vision and specific goal-setting by top-management is 

important (e.g. Hart, 1997; Larsson, 2000; Figge, 2002), but we know comparatively little of 

the mechanics of how this affects the development of new, environmentally offerings in 

established firms. 

From a problem-solving perspective, for the firm, both visions and goals can be understood as 

instances of problem-formulations (cf. Simon, 1968; Nickerson and Zenger, 2004). In a 

problem-solving perspective, an opportunity for the firm corresponds to a valuable problem-
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solution pair (Hsieh et al., 2007). It has been argued that a crucial task in innovation activity is 

to formulate and solve valuable problems (Baer et al., 2008). Thus, the terminology of 

problem formulation and problem solving can be utilized to describe and analyze both the role 

of corporate goals and sustainability visions for the process underlying the discovery of 

situations that will generate value, such as in the case of the development of new 

environmental offerings. There is only sparse knowledge about the process involved in the 

formulation and resolution by firms of problems related to environmental innovations, and no 

published work specifically analyzes the phenomenon of development of environmental 

innovations from a problem-solving perspective. The purpose of this paper is to analyze the 

role of environmental sustainability visions and problem formulations for the development of 

environmental innovations in established firms. 

This paper explores the process of formulating and solving environmental problems and how 

it affects value creation and rent generation through the commercializing of new technologies. 

We show that a problem solving process, consisting of problem formulation and solving, 

corresponding to the commercialization of a new technology by a firm, can be performed 

through two parallel and unrelated processes Ð the formulation of environmental visions and 

the development of customized solutions Ð and that a reformulation into an environmental 

problem can make the initial value proposition into a more generic proposition, thereby 

increasing the profit potential through the generation of new applications and increased usage. 

This is an area on which prior research lack knowledge and should constitute a contribution to 

work on environmental problem-solving processes. Empirically we study Bearing CoI, a 

Swedish multinational corporation (MNC), which introduced energy efficient solutions 

engineered to reduce frictional movements by up to 40 percent on previous bearings solutions. 

                                                
I The name of the corporation has been disguised for reasons of confidentiality. 
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The paper is organized as follows. The next section presents prior work on environmental 

innovation and its link to problem formulation and problem solving. This is followed by the 

research design of the study and an explorative case study of a mechanical engineering MNC 

that reformulated its customer problems into an environmental problem formulation giving 

rise to new environmental innovations. The paper ends with a discussion and gives 

implications for theory and management. 

 

Theoretical framework 

Environmental innovation 

Academic researchers have studied the phenomenon of environmental innovation for several 

decades (e.g. Ashford et al, 1979; Runge, 1987; Hart, 1995; Horbach, 2008). The literature 

can be divided into two main focus areas: 1) the study of the role of policy and other 

institutions for the development of environmental innovations (e.g. Wallace, 1995; Porter and 

Van der Linde, 1995; Unruh, 2000; Jaffe et al., 2002; Kivimaa, 2008) and 2) the role of firm 

strategy and behavior for the development of environmental innovations (e.g. Hart, 1995; 

Sharma and Vredenburg, 1998; Hoffman, 2000; Steger et al., 2004). While the former stream 

of literature certainly could be interpreted in light of potential implications for firm strategy, it 

is the latter literature that best shares the focus of this paper. 

The literature on firm strategy and behavior in relation to environmental innovation can in 

turn be divided into (at least) three general areas: 1) that green opportunities for profit exist, 

2) what strategies are suitable exploit them and 3) how firms can achieve environmental 

innovation in practice.  
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The research in the first area, the general existence of opportunities related to reduced 

environmental impact Ð so-called green business opportunities, typically boils down to a 

fairly simple model: On the one hand there is the environmental performance of a firm, and 

on the other hand there is the economic performance. The object of investigation is the 

possible causal relation between the two. Strict neoclassical approaches tend to suggest a 

negative relation due to the internalization of previously externalized negative effects 

(Friedman, 1962; Lankoski, 2000). However, more recent research suggests a possible 

positive relation (cf. Salzmann et al., 2005), building on arguments that tend to be variations 

of the notion Ôpollution is wasteÕ (e.g. Porter and Van der Linde, 1995) while acknowledging 

that there is likely an optimal level of environmental performance for each firm (Lankoski, 

2008). Empirical studies seems so far to have been inclusive, or at least not convergent, with 

examples of studies finding both a positive relation (e.g. Hart and Ahuja, 1996; Russo and 

Fouts, 1997; Klassen and McLaughlin, 1996), no relation (e.g. Johnson, 1995; Repetto, 1995; 

Lanoie et al., 1998) and a negative relation (e.g. Cordeiro and Sarkis, 1997). It should be 

noted that most researchers have studied the relation for firms in general (e.g. Lankoski, 2000; 

Salzmann et al., 2005), but that arguments have been put forward recently that such studies 

need to be focused on a particular industry in order to be conclusive (Steger et al., 2004). In 

the end, thanks to the numerous specific Ð rather than general Ð case studies on the topic, what 

seems certain is that there exists at least some green business opportunities for some firms 

(e.g. Porter and Van der Linde, 1995; Hoffman, 2000; Dunphy et al., 2002; Esty and Winston, 

2006; Carrillo-Hermosilla et al., 2009). This view is also supported by the responses in a 

recent executive survey on sustainability by MIT Sloan Management Review (Haanaes et al., 

2011), in which 54 percent of the respondents believed that their sustainability related actions 

had added to their firmÕs profitability (Haanaes et al., 2011).  
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Research in the second area, i.e. research about strategies suitable for exploiting 

environmental innovations is more multifaceted. Some researchers have focused on business 

models changes that are conducive to exploit environmental innovations. For example, the 

literature on product-service systems (e.g. Mont, 2002; Mont 2004; Baines et al., 2007; Roy et 

al., 2009; Tukker, 2006) studies how firms can overcome incentive misalignment between 

actors in the case of environmental innovations. Product-service systems are described as 

business model innovations in the sense that the firm switches from selling a product (or, 

sometimes, selling only a service) to selling a product-service combination. Product-service 

systems are argued to be able to improve customer value and thus margins, reduce costs as 

well as reducing environmental impact through changed incentives for customer behavior, 

resource consumption and component recycling (Baines et al., 2007). Similar research using 

different terms to describe the same of closely related phenomena include demand side 

management (e.g. Strbac, 2008), chemical management services (e.g. Reiskin et al., 1999), 

functional sales (e.g. Sundin and Bras, 2005) and servicizing (e.g. Rothenberg, 2007). Other 

research about strategies suitable for exploiting environmental innovations has focused on the 

effects of environmental branding. Environmental branding is the case of when 

communicated information about the environmental impact of an offer Ð rather than any 

customer cost savings or quality improvements Ð that increases the demand for the offer. That 

this occurs is clear from, for example, the electricity business, where Ôgreen electricityÕ 

sometimes can command a premium price (Roe et al., 2001; Borchers et al., 2007; Ozaki, 

2011). Other industries which arguably lend themselves to successful environmental branding 

are personal care products, food products and cleaning products (Orsato, 2006; Esty and 

Winston, 2006). Unruh and Ettenson (2010) discuss how firms can succeed at environmental 

branding by promoting their own standards for environmental performance, as well as the 

potential pitfalls of such an approach. Some green marketing authors, however, argue that 
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environmental values usually only are useful as a proverbial Ôthird-buttonÕ, i.e. as a 

complement to communicating more traditional customer values such as quality and price 

(Ottman, 1998; Esty and Winston, 2006). Another example of notable research about 

strategies suitable for exploiting environmental innovations considers the role of institutions 

and lobbyism for suitable strategies to exploit environmental innovations. This research 

acknowledges the role of environmental institutions, as is often focused on in the policy 

related literature, but applies that insight to the opportunities available to individual firms. For 

example, Pacheco et al. (2010), drawing on Hardin (1968) and Ostrom (1990) argue that in 

order to appropriate from environmental innovations, firms will often need to form interest 

groups and lobbyist organizations in order to overcome issues related to a lack of property 

rights for environmental goods and to lobby for regulatory changes beneficial to 

environmental innovations. Besides potentially opening up market opportunities, such 

behavior can also be useful to increase the costs of non-green competitors (cf. Salop and 

Scheffman, 1983). 

In the third and final literature area, which focuses on the practical and organizational ÔhowÕ 

of achieving environmental innovations, there are also several streams. A fairly common 

argument in this literature is that Ôwhat gets measured gets improvedÕ (e.g. Preston, 2001). 

This often leads to the suggestion of implementing environmental management systems, and 

the use of total quality management and lean production philosophies to achieve 

environmental innovation (e.g. Florida, 1996; Melnyk et al, 2003; Simons and Mason, 2003). 

Some have focused on the factors affecting the diffusion of environmental innovations, both 

finding that the innovatorsÕ relations to and use of contacts in the social systems receiving the 

environmental innovation plays an important role for the rate of adoption (Halila, 2007; 

Dieperink et al., 2004). Another stream of research in this area worth mentioning is the study 
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of the role of organizational inertia in relation to environmental innovation (e.g. Williander, 

2006), suggesting a need to recognize that firms may have difficulty seeing and acting even 

on comparatively obvious green opportunities.  

A fairly large amount of authors studying how to achieve environmental innovations have 

argued that in order to achieve environmental innovation, sustainability must be incorporated 

into the core strategy of the firm (e.g. Hoffman, 2000; Epstein, 2008; Hutchinson, 1996; 

Stead, 1995; Roome, 1992). Of particular note is the suggested use of corporate vision 

statements (Hart, 1995 and 1997) to achieve environmental innovation. It has been suggested 

that managers should set so-called big hairy audacious goals to implement such an integration 

of sustainability into corporate strategy (e.g. Hutchinson, 1996; Werbach, 2009). The 

importance of integrating sustainability into the firmÕs strategy is empirically supported by 

Larsson (2000), who described the importance of having clear environmental visions and 

goals to achieve environmental innovation. One general way in which it has been theorized 

that sustainability visions and goals can be connected to the actual development of 

environmental innovations is given by Figge et al. (2002), who suggest the use of a 

sustainability balanced score card and to let the sustainability goals cascade down into all 

parts of the organization. There is, however, still a lack of empirical research that describes in 

detail the specific case of how the practice of using a corporate environmental vision can 

relate to the development of novel environmental innovations in the business units of firms.  

In order to analyze the relation between corporate environmental visions and the development 

of the value proposition of an environmental innovation in the lower levels of the 

organization, this paper will utilize the literature on managerial problem formulation and its 

relation to firms as problem-solvers. 
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The Problem-Solving Perspective 

The problem-solving perspective of the firm argues that discovering an opportunity involves 

two distinct activities (Nickerson and Zenger, 2004; Hsieh, et al., 2007): identifying and 

selecting the problems to be solved and identifying valuable solutions through organized 

search or sheer luck. In other words, pairing of valuable problems-solutions constitutes an 

opportunity within the problem-solving perspective (Hsieh et al., 2007). Hence, the problem 

formulation and solution terminology can be utilized in order to explain the discovery of 

situations that may generate value.  

Many would argue that the managerÕs job is to solve problems. Of principal concern for 

managers is that problems need to be identified, defined, evaluated, and prioritized in terms of 

urgency and importance, before they can embark on the task of deciding which resources to 

devote to solving them and how they should be solved. These are non-trivial issues for 

managers because the situation often demands that these processes are performed without any 

well-defined theory or prior experience. Perhaps the single most important aspect of the 

problem solving process is formulating the problem because this, in large part, determines the 

subsequent course of action (Lyles, 1981). However, although the task of problem 

formulation is critical to managersÕ decision-making responsibilities, the reality is that 

managers rarely fully understand the sources of their problems (Pounds, 1969). Another 

aspect often emphasized in literature is the importance of decomposing the problem into more 

manageable sub-problems (Simon, 1962). 

Problems can be explained broadly as the differences between some perceived existing 

situation and some perceived desired situation (Pounds, 1969). For managers this can include 

everything from financial, human resources, marketing, strategic to innovation-related 

problems. For example, when a firm develops new products or services it needs to formulate 
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and solve a multitude of innovation-related problems (Cyert and March, 1963; March and 

Simon, (1958) 1993). Innovation-related problems are the problems that firms face in the 

innovation process and are a subset of the wider class of firm organizational problems 

(Terwiesch and Xu, 2008; von Hippel, 1994). The primary focus of this paper is 

environmental (green) problems with a secondary focus on innovation-related problems; it 

explores how firms formulate and solve environmental problems and how these actions are 

translated into new environmental offerings (i.e. bringing an environmental technology to 

market).  

To define the concept of an Ôenvironmental problemÕ, we start with the general problem 

definition proposed by Pounds (1969), that is, that a problem is defined as the difference 

between a perceived state of affairs and an imagined future preferred state of affairs. An 

Ôenvironmental problemÕ is a subset of this concept in which the preferred state of affairs is 

more aligned to the conditions of a sustainable society. In this paper, we use the fourII  system 

conditions outlined by the natural step foundation and related research (e.g. RobŽrt et al., 

2002; Holmberg, 1995) to define the system conditions of a sustainable society. However, it 

is not our intent to take a particular stance in the debate over what is regarded as 

environmentally sustainable. We believe that the arguments in this paper could have been 

developed equally well on the basis of other definitions of environmental sustainability that 

consider the case-products energy-saving properties to be beneficial from an environmental 

perspective. 

                                                
II  Since our focus in this paper is on only the environmental aspects of new offers, it relates only to the first three system 
conditions in RobŽrt et al. (2000) i.e. ÒIn order for society to be sustainable, natureÕs functions and diversity are not 
systematically subject to: I. increasing concentrations of substances extracted from the Earth's crust; II. increasing 
concentrations of substances produced by society; III. physical impoverishment by over-harvesting or other forms of 
ecosystem manipulationÓ. 
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The problem solving process is an important topic for several disciplines, including strategic 

planning (e.g. Mitroff and Mason, 1980), strategic decision making (e.g. Nutt, 1984), the 

behavioral theory of the firm (e.g. Cyert and March, 1963), the social practice view of 

organizations (e.g. Brown and Duguid, 2001), and organizational knowledge creation theory 

(e.g. Nonaka, 1994). However, problem formulation has attracted less attention from 

management scholars (Getzels, 1979; Baer et al., 2008). Most have focused on identifying 

methods for solving already well-defined problems, and in many instances, theories assume 

that problem formulation is given in the problem solving process. Even the behavioral theory 

of the firm, which views organizations as information-processing devices that formulate and 

solve problems, focuses mainly on organizations as problem-solving devices and does not 

deal with how problems are formulated in the first place. Most other theories of the firm 

suffer from similar shortcomings (Baer et al., 2008). Still, the nature of how the problem is 

formulated becomes important for the rest of the problem solving process. Consider, e.g., the 

delayed elevator problem presented by Ackoff (1969), in which case an office building 

manager is confronted with complaints about the elevators in the building: If the problem is 

perceived as related to the technical elevator system, some new system components might be 

proposed. However, if the problem is perceived as one of people being intolerant about 

having to wait for the elevator, one solution might be to install mirrors or notice boards near 

to the elevators to divert them.  

Hence, in order to create valuable solutions to problems, managers must first identify the 

problem they need to address. The challenge is in identifying the ÔrightÕ problem: managers 

frequently solve the ÔwrongÕ problem by adopting a problem formulation that is either too 

narrow or inappropriate (Baer et al., 2008). If the latter occurs, this implies an error in the 

formulation of the problem; typically referred to as an error of the third kind (Mitroff and 
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Turoff, 1974). This may mean that the assumptions made as to its causes are incorrect. It has 

been emphasized, and shown, even that managers may skip or abbreviate the activity of 

problem formulation (Mintzberg et al., 1976; Nutt, 1984). Lyles (1981) found that in 25 out of 

33 cases U.S. companies that went through a problem-solving process had to return to 

problem formulation because managers either had defined the problem inappropriately or had 

skipped the problem formulation stage altogether. The advantage of cycling back to problem 

formulation is that it allows a reassessment of the problem, while the related costs are loss of 

opportunities, time, money, and morale (Lyles, 1981). One explanation for this lack of 

attention to problem formulation may be that managers have been trained to become decision-

makers in the sense of being problem solvers Ð not problem formulators.  

Not all problems are valuable for firms, and managers should not try to select problems from 

which the firm has little chance of capturing value. Nickerson and Zenger (2004) argue that, 

once the problem is identified, the value of a particular problem depends on two factors. 

These factors are: 1) the values of the possible solutions; and 2) the costs of discovering a 

particularly valuable solution. Based on the problem selected, the managerÕs task is to 

organize a search for solutions that optimize the likelihood, speed, and cost of discovery of a 

valuable solution (Nickerson and Zenger, 2004). The search for solutions is uncertain, 

however, and to identify a valuable solution depends on the trials undertaken (where each trial 

reflects a unique combination of knowledge sets). Hence, problems differ in their optimal 

solution search form, where the choice of problems reflects an assessment of the expected 

value of potential solutions and an assessment of the firmÕs ability to profit from high-value 

solutions. Therefore, in choosing the problems, managers choose an unknown set of potential 

solutions, but once chosen the task is to identify the knowledge needed and to maximize the 

probability of discovering valuable solutions.  
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To advance our knowledge on how firms formulate environmental problems for 

commercializing new technologies and the role of sustainability visions we now turn to the 

case of a manufacturing company that launched a complete product line under the premise of 

solving an environmental problem. 

 

Research design and method 

This paper builds on an explorative case study (Ragin, 2008; Dul and Hak, 2007; Eisenhardt, 

1989) to explain how a firm identifies and solves environmental problems. The case study 

approach was chosen to provide an in-depth illustration of a social phenomenon lacking in the 

prior research. While case studies are superior for creating an understanding of empirical 

phenomena and generating novel theory (Ragin, 1997; Eisenhardt, 1989), they are inherently 

limited in terms of their generalizability (Yin, 1994). This limitation in the present paper is 

reduced to some extent in that the case is linked to work on problem solving perspective 

(Nickerson and Zenger, 2004; Hsieh, et al., 2007).  

Data were collected from interviews, marketing information such as product brochures and 

the corporate website, trade press, and legal documents. The first set of interviews was 

unstructured and was followed by subsequent semi-structured interviews. Interviewees were 

managers, typically at or close to executive level (e.g. chief technical officers, business 

development directors, and vice presidents). Nine interviews were conducted at Bearing Co 

with eight different persons (see Table 1) and lasted 1.5 to 2 hours. The study extended over 

three months, with a final follow up interview four months later in order to clarify certain 

points. The case study for the present study was identified from the initial interviews and 

involved semi-structured follow up interviews with people directly involved in the problem 

formulation, problem solving and development process. Since cases are revised and refined as 
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the boundary of the set of the case is shifted and clarified (Ragin, 1997), the final semi-

structured confirmatory interview was based on a questionnaire explicitly using the concepts 

of problem formulation and solution, served to confirm and revise our interpretations of the 

development of the problem formulations process for the energy efficient case.  

------------------------------------------- 

INSERT Table 1 ABOUT HERE 

------------------------------------------- 

Data collection and analysis were primarily conducted according to what Miles and 

Huberman (1994) refer to as a Ôprestructured caseÕ, i.e. a sequence of events describing the 

case was identified and mapped out before the end of the data collection. In our case, initial 

sequence mapping was done after several interviews. The mapped sequence was further tested 

and revised against the final interview. The data collection process was followed by case 

write-up and analysis and the different data sources were triangulated (Jick, 1979) to increase 

the robustness of the results. Following EisenhardtÕs (1989) recommendation for analyzing 

data, a within-case analysis was applied to produce a unique pattern for the case. The 

interview parts relating to the case were transcribed but not formally coded according to any 

preset coding scheme.  

Reliability was achieved by triangulating the different data sources, including the various 

perspectives expressed by the various interviewees, and public documents. What was 

described in the answers to our questions about particular problem formulations was 

repeatedly in line with our understanding of the concepts. Our arguments regarding internal 

validity are based primarily on the fit with the previous theory Ð parsimony Ð and the logical 

coherence of our arguments (cf. Pfeffer, 1982). Ecological validity is deemed to be high 

because data collection was made directly in the ÔecologyÕ (i.e. the subjects were interviewed 
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in their place of work, and were involved in the processes they described) and the original 

model was derived inductively from these data (Bryman and Bell, 2007). However, the 

artificial situation of an interview might have influenced the data, for example in the shape of 

Ôespoused theoriesÕ (Argyris, 1994) being aired. We tried to correct for this by systematically 

asking for examples and posing overlapping questions regarding general principles of 

behavior expressed by the interviewees (e.g. organizational values regarding environmental 

performance). 

 

Case study: Environmental problem formulation 

The case study explores a problem solving process conducted by Bearing Co, a Swedish 

MNC, which resulted in the introduction of its new family of more energy efficient bearing 

solutions for the automotive industry, referred to the respondents in the firm as part of Ôthe 

green lineÕ. The bearings were engineered and manufactured to reduce power loss by up to 40 

percent beyond the already efficient, standard bearing solution, and helping customers reduce 

their energy consumption and CO2 emissions.  

In 2005 a German car manufacturer, a customer of Bearing CoÕs automotive division, 

consulted Bearing Co about a problem. The customer was searching for a low friction 

solution, with certain performance dimensions, for a transmission setup. Bearing Co initially 

saw this as a business opportunity to design and sell a solution. However, after estimating the 

costs involved in the search for a solution, Bearing Co decided against committing the 

resources required to find a solution. In other words, Bearing Co did not consider it a valuable 

problem. 

One year later, in 2006, Bearing CoÕs automotive division was contacted by a supplier to the 

automotive industry, which had a similar problem to the one posed by the German car 
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manufacturer in 2005. This customer had decomposed the problem into different tasks. In 

particular, it had been defined by the customer as focused on achieving a given degree of 

stiffness in the automotive supplier's application Ð again a transmission system Ð in addition 

to the more general problem of power loss. Worth emphasizing here is that the technical 

challenge was quite substantial, as suggested by the fact that the customer had already tried to 

find a solution using its usual supplier of bearing solutions, but since this had been 

unsuccessful, the customer had turned to Bearing Co. 

Again Bearing Co recognized the business opportunity and this time decided to attempt to 

solve the problem. The small development team set up in Bearing Co realized that the 

solution was not just a single bearing arrangement, but rather involved a Ôunit conceptÕ Ð a 

solution consisting of several bearing types in a preassembled unit Ð to achieve more stiffness 

into the arrangement. Bearing Co developed the solution, which the development team 

referred to as the unit concept, according to the product development manager. An important 

part of the process leading to this solution consisted of further decomposition of the problem 

specified by the customer.  

Bearing Co then sold this solution to the customer. Its commercialization was considered a 

success at the division, according to the business development director. It is important to note 

that, at the time of that first sale, another potential problem which was addressed by the 

solution had been tentatively identified by the product development team: power loss, which 

is related to energy waste in transmission systems. However, the value of a solution to this 

problem for the customer was not validated until much later.  

In 2005 and 2006, simultaneous with the development of the unit concept at Bearing Co, 

European fuel efficiency regulation was high on the agenda for original equipment 
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manufacturers in the automotive sector. In summer 2005, the European Commission had 

issued a high profile Proposal for a Council Directive on Passenger Car Related Taxes 

(COM(2005) 261), which was approved by the European Parliament, with amendments, in 

2006 (although not finally passed until 2009).III  

A result of these events was that, in 2005 and 2006, Bearing CoÕs automotive division had 

identified a new potentially valuable customer problem: increased fuel efficiency. The 

rationale was the close connection between fuel consumption and CO2 emissions in modern 

internal combustion engines. The development team immediately redefined the fuel efficiency 

problem as one of reduced power loss and friction in the transmission and consequently 

within the unit concept already developed. In other words, they identified an additional 

problem that was solved by the already developed solution. This then was an additional 

benefit that could be delivered by the same solution. Consequently, the offer provided the 

solution to the two problems of 1) not enough stiffness and 2) poor fuel efficiency. Bearing 

Co had developed a Òcompletely new bearing unitÓ in the words of the business development 

manager.  

Although the environmental problem had been tentatively identified at this stage Ð it was 

considered only a minor part of the larger set of problems addressed by the solution. 

Originally, the focus of the problem formulation was less on fuel efficiency and CO2 

emissions than was later the case, and the main customer problem(s) the solution was initially 

aimed at were technical problems in terms of heat generation, stiffness, and, to some extent 

easy assembly. Thus, in terms of any formalized value proposition at the time, the 

environmental problem could have been ignored, according to one of the product 

                                                
III  After approval from the European Parliament, the Council reached only partial agreement (ec.europa.eu/prelex, 2009-12-
22) and discussions ensued. The resulting legislation was finally passed on April 23, 2009 (Regulation (EC) No 443/2009). 
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development managers. In 2006 Ð and more especially in 2007 Ð the automotive division at 

Bearing Co (along with its customer industry) was increasingly looking at the general 

problem of power loss in vehicles. In Europe, as previously mentioned, this was being driven 

in part by regulation. In the course of its investigations, the automotive division at Bearing Co 

eventually identified a large set of potential problems related to power loss that could be 

resolved by solutions similar in principle to the one developed in early 2006, i.e., the unit 

concept developed for car transmission systems. As a result, development of several 

variations of the Ôunit conceptÕ commenced. 

In the case of many of the applications, the problem formulations and solutions were very 

similar to the original ones, and were in one interview referred to as Òbasically copiesÓ. In 

other cases major (technical) parts of the original solution were applicable to the solution to 

the new problem, but minor parts needed to be customized. The consequent development 

projects in the automotive division of Bearing Co ran in 2007 and finished in terms of new 

products in 2008. The projects involved several separate teams of engineers in the automotive 

division but were coordinated by the original core team of four people Ð two managers and 

two developers Ð who used their internal networks to orchestrate the projectsÕ resources. 

During the development of these solutions, understanding of Ð and subsequently formulations 

of Ð the valuable customer problems being resolved increasingly began to include 

environmental aspects. 

The first time that environmental aspects of a resolved customer problem were actively 

communicated externally was in 2007. The automotive division had developed one of their 

more successful follow-up products, the internally famous hybrid-pinion unit. Bearing Co 

brought up the customer value from solving the environmental problem early on in 

discussions with customers, and it Òwas quite easily acceptedÓ, according to the product 
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development manager. For subsequent solutions, the environmental aspects of the problems 

were made clear to customers by Bearing Co to achieve confirmation of their relevance to the 

environmental problem.  

A complement to the solutions developed at that time was a piece of advanced modeling 

software developed by Bearing Co, which allows Bearing Co to estimate savings on fuel, and 

CO2-emissions, from a combination of Bearing Co solutions in complex systems, such as 

vehicles. This software was referred to by several of the interviewees as an important factor 

for communicating to the customer the value of the problems solved. One interviewee 

recounted a sales meeting at a customer where Bearing Co had presented the savings from use 

of the product in terms of friction. The customer seemed positive, but asked for numbers more 

relevant to his own firm. As expressed by the involved product development manager: 

ÒThere was a presentation at a customer, I remember, where we presented these 

products Ð and he said: ÔWell you can reduce the friction with a certain valueÕ, then 

the customer said ÔWell, ok, but what is it in fuel economy? Tell me, what do I save in 

terms of fuel or in CO2? I need these figures! You can tell me a lot about friction, but 

in the end it is the CO2 or the fuel which countsÕÓ 

These sales meetings were considered an important tool for Bearing Co managers to validate 

that the fuel efficiency/CO2-problem identified was valued by their customers. 

However, in order fully to understand the origins of todayÕs value proposition, we also need 

to consider a parallel problem formulation process in a different part of Bearing Co. In 2005, 

a new concept was launched from corporate headquarters as an important part of the firmÕs 

sustainability vision. The new concept stressed the importance of considering the long term 

impact of Bearing CoÕs offers and Òdefined [Bearing Co]Õs commitment to realizing the 
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vision of achieving a net positive contribution to the environment.Ó (Annual report, 2010, p. 

152) However, the updated sustainability vision would not directly influence the development 

of the offer described in this story until a few years later. 

Although some environmental strengths of the offer were communicated externally on a 

customer-by-customer basis in 2007, the first time that the environmental aspects of the 

problems solved were formulated formally along the lines currently exploited, was in early 

2008. Previous to this, the responsible division at Bearing Co had used the environmental 

benefits of the solution to communicate its extra value to customers identified as having some 

variant of the original problems of power loss, heat generation and lack of stiffness in the 

arrangement. In 2008, CO2-savings eventually became part of the core problem-formulation 

and consequently a means to identify new customers for Bearing Co.  

This change in the problem formulation began when the original development team wanted to 

communicate the value of its solutions to a broader audience and decided to participate in a 

conference on transmission systems scheduled for autumn 2008 in Berlin. Before submitting 

their presentation material Ð slides, photographs Ð in May 2008, one of the managers of the 

product development team contacted the marketing and communication team in the 

automotive division of Bearing Co for support. At this time, the marketing and 

communication team was already working on a campaign related to the firmÕs sustainability 

vision, as was introduced in relation to the events of the year 2005 above. The sustainability 

vision was initiated at the corporate level and was, to a large extent, driven and arguably even 

pushed, by the CEO. In the words of the vice president of sustainability at Bearing Co: 

ÒIf this were a one man show, it would be the show of the CEO. É  His personal 

involvement is crucial.Ó 
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The contact between the development team and the marketing team soon led to extensive 

work on the value proposition Ð the valuable customer problems that could be solved by the 

solutions Ð including and emphasizing the environmental problems. The work on the value 

proposition was at first organized between the original development team of four and the 

marketing and communication team. The work on the value proposition was extended and 

soon came to include all the business units in the automotive division and included several 

days of joint workshops. All this happened in 2008 and came to be closely related to the 

preparations for the large marketing campaign in 2008. The marketing campaign originally 

was not about the projects discussed in this paper. But the new solutions were considered a 

nice fit with the planned marketing campaign and were quickly integrated into it. Thus, in the 

2008 marketing campaign the environmental aspects of the problems solved by the new 

solutions based on the unit concept were for the first time communicated widely externally. 

When the campaign was launched, the solutions were marketed based on the same value 

proposition as applies currently. They are branded with a label representing Ôenergy 

efficiencyÕ, and are listed as one of the 12 main product categories on the Bearing Co website. 

The solutions are available for a wide range of important customer applications and marketed 

with an emphasis on their environmental sustainability. For example, product brochures use 

terms typically related with environmental sustainability, e.g. ÒCO2 emissionsÓ, Òglobal 

energy consumptionÓ and ÒsustainabilityÓ while displaying images of a sunrise over a blue 

planet as viewed from space (Bearing Co, 2009). The solutions can achieve smaller power 

loss than most, if not all, comparable bearing arrangements. In terms of the trade-off, buyers 

looking for bearing solutions often take several technical performance attributes into 

consideration, depending on the application. These performance attributes typically include 

noise, friction, life, and the geometry and carrying capacity per bearing size. It should be 
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noted that although the energy efficient solutions have improved performance significantly in 

terms of the friction and power loss attributes, this sometimes comes at the cost of a 

rebalancing between some of the other performance attributes, in particular carrying capacity. 

The environmental problem addressed by the energy efficient solutions is the energy wasted 

due to avoidable friction and power loss. Thus, the energy efficient product-line is a solution 

to an environmental problem that is application specific, a view that was repeatedly stressed 

by several respondents, for example the vice president of sustainability at Bearing Co: 

ÒItÕs not the product in itself, itÕs the product in a particular application that is more 

sustainable.Ó 

The addressed problem is an environmental problem in the sense that its solution helps to 

alleviate some of the pressures on the four system conditions of a sustainable society (RobŽrt 

et al., 2000). In the case of the energy produced by the combustion of fossil fuels, the 

breaking of the first system condition will be alleviated in part by the use of energy efficient 

solutions. In somewhat more practical terms, this means reducing CO2 emissions that could 

cause climate change. For car manufacturers, the energy efficient products enable the 

production of more fuel efficient cars, resulting in lower total operational costs for customers 

and lower future penalties based on CO2 regulation (e.g. the EU Regulation (EC) No 

443/2009). 

To summarize, the process leading to the current Ògreen lineÓ, as the solutions were referred 

to by the respondents, was initiated by a specific customer request not specifying any 

environmental problem. The first time the relevant problem was identified, it was not solved. 

However, the same problem was presented to Bearing Co managers a year later by another 

firm, but this time it was further decomposed and formulated so at to focus on one 
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performance attribute: stiffness. It was at this time recognized as a valuable problem by 

Bearing Co and was eventually solved. The subsequent search by Bearing Co for additional 

attractive problem-solution pairs then interacted with an unrelated simultaneous problem 

formulation process, the development of the firmÕs sustainability vision, which had led to the 

explicit formulation of another type of problem addressed by the same and similar solutions. 

This problem, of fuel efficiency and CO2-emissions, was quickly decomposed into problems 

related to friction and power loss. Although not initially recognized as very important, the 

areas of fuel efficiency and CO2-emmissions eventually became much more prominent. 

Current offers based on the original customized solution are branded as Òenergy efficientÓ, 

are referred to in the firm as Òthe green [product] lineÓ. The identification and formulation of 

the environmental problem addressed helped Bearing Co find a wide array of seemingly 

unrelated applications for the originally customized solution, such as an improved wheel 

bearing solution. This helped Bearing Co scale up the number of applications to which the 

original solution could be applicable. The identification and later the formulation of the 

environmental problem addressed affected the value propositions for the related products, 

which enabled Bearing Co to create and capture more value from their solutions. It affected 

how an originally customized solution is today marketed, and increased the number of 

targetable customers. In the words of the interviewed business development manager: 

ÒFor us increasing environmental concern is an opportunity. We see it as a possibility 

to introduce our products and services to a larger customer base than before.Ó 

The major events the development process are outlined in Table 2. 

------------------------------------------- 

INSERT Table 2 ABOUT HERE 

------------------------------------------- 
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Discussion and conclussions!

The starting point for this paper was a simple empirical question: how do firms formulate and 

solve environmental problems and what is the role of environmental sustainability visions for 

the development of environmental innovations in established firms? In the introduction we 

discussed several obvious reasons for developing offerings with improved environmental 

performance, including internal and external branding, cost efficiency, regulatory anticipation 

and facing competitors. However, the existing research does not address the role of 

formulating and solving environmental problems and what the role of sustainability visions is. 

We have tried to illustrate one way of how firms formulate and subsequently solve 

environmental problems and its relation to sustainability visions. 

We examine the case of a multinational supplier in the ball-bearing business which 

successfully developed a green product line. The entire case is characterized by how the 

problem formulation for the solution changed over time, although the solution was often the 

same for different problems. Below, we discuss a four stage interpretation of the case with 

implications for received theory on problem formulation and problem solving and the 

implications from a value creation and value appropriation perspective (Bjšrkdahl, 2009).  

In the first stage of the problem formulation and solving-process outlined, a customer 

formulated a problem for Bearing Co regarding heat generation in a transmission system 

(problem formulation 1). Bearing Co evaluated the opportunity to solve the problem but 

decided against developing a solution after having evaluated the costs and benefits related to 

the problem.  
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In the second stage, Bearing Co was approached by another customer who shared the same 

basic problem, at least as viewed in hindsight. However, the second customer formulated the 

problem in a more detailed way, focusing on the problem of lack of stiffness in the 

arrangement (problem formulation 1.1). Thus the customer had performed the first stage of 

decomposing the problem. Bearing Co evaluated the opportunity on the second presentation 

of the problem and decided to pursue it. Bearing Co was successful in finding the solution to 

the second customerÕs problem and also realized that the solution was applicable to a broader 

set of problems. Thus, in line with prior literature, decomposing the problem played a role in 

finding its solution. Figure 1 summarizes the stages. 

------------------------------------------- 

INSERT Figure 1 ABOUT HERE 

------------------------------------------- 

In the third stage, having identified a general solution, Bearing Co formulated a number of 

specific occurrences or variations of the first problem. It viewed this as finding new 

applications for the solution. The third stage is illustrated in Figure 2.  

------------------------------------------- 

INSERT Figure 2 ABOUT HERE 

------------------------------------------- 

In the fourth stage, interaction occurred between the original problem and the corporate 

sustainability vision. The vision was a statement of a preferred state of affairs that is more in 

line with the conditions for a sustainable society, and can thus be interpreted as a formulation 

of an environmental problem. The environmental problem formulation that eventually 

impacted on the value proposition of the offers described in the case was formulated by 
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corporate headquarters in an unrelated, process parallel to the problem-solving process in the 

automotive division. This interaction between problem-formulations enabled Bearing Co to 

identify an increased number of business opportunities, i.e. problem-solution pairs. Because 

the environmental problem was a widespread problem, this coupling helped Bearing Co 

identify a significant number of new opportunities through the formulation of several new 

problem-solution pairs. The increased number of opportunities is illustrated in Figure 3 in 

which problem formulation 2 refers to the environmental problem formulation. 

------------------------------------------- 

INSERT Figure 3 ABOUT HERE 

------------------------------------------- 

Because the interaction between the environmental problem and the solved problem had such 

a significant effect, it deserves further elaboration. The origin of the environmental problem 

was the very general industry problem of energy costs and the societal problem of CO2-

emmisions, i.e. an Ôenvironmental problemÕ which was also part of the firmÕs sustainability 

vision. Bearing Co had decomposed this problem and identified a particularly valuable sub-

problem that they were in the position to find a potential solution to: the problem of friction 

and power loss in mechanical machinery. From the interaction between these two problems Ð 

which occurred when the engineering manager presented his products to the market 

communications team in 2008 and during the subsequent work on the value proposition Ð the 

solution to the first problem was coupled with the second, environmental problem Ð i.e. the 

sustainability vision. The result was identification of several new problem-solution pairs 

(opportunities). This process of unrelated problem formulation and solving processes is 

illustrated in Figure 4. 
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------------------------------------------- 

INSERT Figure 4 ABOUT HERE 

------------------------------------------- 

From the perspective of the problem formulation and problem solving literature the case 

description reinforces the established observation that problem formulation and solving is a 

ÔmessyÕ process (Mintzberg et al., 1976; Lyles, 1981; Nutt, 1984). By comparison, more 

recent work by Hsieh et al. (2007), describes the process as sequential. That is, with the 

specific problem first being identified and then the search for a solution. In that regard, our 

findings contradict the temporal model assumed in Hsieh et al.Õs theory about opportunity 

identification from the perspective of management as problem-solving (i.e. Hsieh et al., 

2007). The major implication in this regard however, is that our findings allow for more 

provision of credence to the well-established iterative view of problem formulation. What we 

identify in our case study is that the problem formulation process of the environmental 

problem, as instantiated in the sustainability vision, and the problem-solving process in the 

automotive division, as instantiated in the product development, initially were unrelated and 

were conducted in different parts of the firm. 

From the perspective of value creation and rent generation, the case description shows that the 

formulation of an environmental problem resulted in a situation where the appropriability 

domain of a technical solution was expanded.  

The paper, and in particular the case described therein, has highlighted the value of 

formulating environmental problems at the strategic level in order to facilitate the 

development of environmental innovations. By utilizing a problem-solving perspective on 

strategic management, we show that there are two ways that so-called environmental, 
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profitable innovations for firms can be developed. The first way, which is well established 

and which we have not focused so much on in this paper, is to develop novel solutions to 

already well formulated environmental problems. A second viable way, as illustrated in this 

paper, is to formulate environmental problems, and letting the organization find already 

developed solutions that together with the environmental problem formulation creates 

valuable problem-solution pairs.  

A reader critical of environmental voluntarism (Newton and Harte, 1997), might see this 

argument as ÔgreenwashingÕ, since Bearing Co did not develop a new green solution but 

simply renamed an existing one. However, we would argue that such criticism is unwarranted. 

By reformulating the problem addressed, Bearing Co has helped many customers who 

otherwise may not have bought this solution, to decrease their downstream environmental 

impact. Whether the label of greenwashing applies should not depend on which of two 

intertwined phases of problem-solving process resources are directed towards. Since the two 

phases of problem formulation and problem solving are inextricably intertwined and related 

(Volkema, 1968; Smith, 1989), committing resources towards one should be seen as equally 

worthy as committing resources towards the other. 

The paper has further illustrated that the bi-directional nature of the problem-solving process 

can be harnessed by managers intent on facilitating the development of environmental 

innovations. In the empirical case described in this paper, the top management did this by 

formulating a sustainability vision. The vision was in the presented framework interpreted as 

a problem formulation, which came to be matched with a problem solution that was originally 

developed with a different problem formulation in mind, resulting in a (valuable) 

environmental problem-solution pair. This problem-solving perspective on the events 

contributes to the literature on the management of environmental innovation by providing an 
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explanation of the mechanism through which a sustainability vision can influence the 

development of environmental innovations. That such a causal connection exists has been 

identified in previous literature (Hart, 1995, 1997; Larsson, 2000), but the present paper 

further contributes to our understanding of the management of environmental innovation by 

providing an explanation of the underlying organizational mechanism that realizes that 

connection. 

This study has some direct implications for management. The case description focused on one 

example of a situation where environmental problem formulation expanded the opportunities 

for the solution owner. One implication for management is that committing resources to the 

reworking of formulations of valuable problems in relation to existing solutions based on 

changes in the firmsÕ environment is potentially valuable for the firm. Economizing on the 

problem formulation phase Ð the task of searching for the right problem Ð may result in 

identification of a limited application area. An important task for the strategic leaders of a 

corporation is to select a suitable but delimited problem area to apply an existing solution, e.g. 

recent changes affecting its major customers. Recent regulatory changes based on greater 

awareness of eco-environmental aspects in many markets are provoking such changes 

bringing new customer and end-user demands. Thus, managers should not overlook 

opportunities nor limit resources for possible reformulations of the problems addressed by the 

solutions owned by their firms to environmental problems. 

Given that this study is based on one case study further research is needed. However, we can 

say that the parallel problem solving process described above is a phenomenon that does 

occur in firms. Further research should focus on how frequently firms identify substantially 

larger application areas for already developed solutions Ð i.e. new business opportunities Ð 

when considering previously formulated valuable problems in conjunction with 
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environmental problems. If this turns out to be more than a chance occurrence, it could have 

major implications for literature dealing with how firms could benefit from addressing 

environmental problems. 
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Function Interviews 

Chief Technology Officer 1 

Vice President of Sustainability 1 

Business Development Director 1 

Product Development Manager; Business Unit Ð Powertrain and Transmission 2 

Business Development Manager; Business Unit Ð Cars 1 

Manufacturing Director; Division Ð Automotive 1 

Product Development Director; Division Ð Automotive 1 

Quality and Six Sigma Director; Division Ð Automotive 1 

Table 1: The function of the interviewees and number of interviews 

 

 
Development of 

problem 
formulation  

Actions of 
automotive 

division 

Corporate level 
actions 

External events 

2005 

 
First customer 

approaches Alpha 
with technical 

problem 

- 
Identifies 

environmental 
problem of climate 

change and 
decomposes into 
energy waste Ð 

launches concept of 
total negative CO2 
impact as important 

part of 
sustainability vision 

EU Proposal for 
Council Directive on 

Passenger Car 
Related Taxes 

2006 

Second customer 
approaches Alpha 
with decomposed 
technical problem 

 Develops a 
solution; Fuel 

efficiency 
increasingly 
discussed 

Increasing awareness 
of CO2 emissions: 
e.g. Stern review 

2007 

Customers 
increasingly 

formulate and 
respond to 

environmental 
aspects of problem 

Explores alternative 
applications for 

original solution; 
Fuel efficiency & 

power loss in focus 

Increasing awareness 
of CO2 emissions: 

e.g. IPCC 2007 report 

2008 

Marketing material 
now includes the 

environmental issues 
addressed by the 

solution 

Solution is mass 
marketed based on 
its environmental 

performance 

Launches ÒhugeÓ 
marketing 

campaign focused 
on environmental 

impact 

Conference on 
transmissions 

systems in Berlin 

 

Table 2: Important events in the development of the energy efficient solutions by Bearing Co  
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Figure 1: Stages 1 and 2 of the problem solving process 
 

 

Figure 2: The third stage- Formulating problem variations. The lower-case letters refer to variations of the same 
problem formulation, in the case this corresponds to similar applications for different customers 

 

 

Figure 3: The size of the opportunity increased with the application of the new problem formulation on top of the old. 
The figure illustrates that |P1a...z| !  |P2a...z| > |P1a..z| 

 

 

Figure 4: The fourth stage- Problem reformulation. (Note that the process depicted in this figure led to the outcome 
depicted in figure 3.) 

 


