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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 probdeiaers ofthe modern economic
systemA concernof firms is the development of profitable solutions to
environmental problems. This thesisestigateso what extent and how firms can
develop and commercialize profitable solutions to environmental problems.

Two main studiesone quantitative and one quative, as well as a conceptual
frameworkarepresentedThe quantitative study employs a quasperimental design
to estimate the effect on profitability flirms with an environmental orientatioithe
qualitative study develops an interpretative rtaresby applyinga framework of
managerial probleAormulation in ordeto explain the mechanisms facilitating the
connection between corporate visions and environmental innovations

Findings fromthe quantitative study indicatiat small Swedish enviramentally
oriented firms currently are less profitable than comparnradresnvironmentally
orientedfirms. However, they is also much more variance in the profitability of
environmentally oriented firmgonsistent with the view that many firms that address
environmental problems are struggling to find a good business nd@etindings
from the qualitative study indicate that firms employing a corporate sustainability
vision may discover unanticipated and broader applications for old soltdions
customer® problem&he 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 labelddatoecebranding,
ecclobbyism and ecdéransaction design.

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

1) Utilizing a novel (to the field) method to estim#éterelation between
economic and environmenfaérformance, and by analyzing a
methodologicallyjustified set of new empirical data (very small
environmentally oriented firms).

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

3) Presenihg a framework of appropriation strategies for capturing
environmental value that incorporates the previous literature into a coherent
frameworkwhich is consistent with a broader theoretmahtext(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 sries 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 perspeatipepved
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 externalitiagalue chainsthatpreviously polluted or
utilized scarce natural resources at an unsustainab)ev@ail incur increased cast
by reducing such behavior. Thus, prefgeking firms shoul®according to this view
bonly invest insolvingenvironmental problems if forced to bizanges itegislation
or regulations. On the other hand, thareresearchers that argue tita reléion
between economic and environmental performanicght 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 OOBannon; 1997). According to that
perspectie, firms can by addressing environmental problems gain revenues through
improved reputation and also reduce costs through reducing wasted resources. A third
stream ofesearchieportsno or inconclusiveéindings regarding theelation between
environmentalnd 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 pacular 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 indeegossible 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 firmOs ability to
realize those opportunities is highly depemden the decisions made by the firmOs
managers as well as the firmOs 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 environmeimalovation in countries and
regions €.g.Wallace, 1995; Porter and Van der Linde, 18%3nruh, 2000; Jaffe et
al., 2002; Kivimaa, 2008). Arguably, considerably less is known of how the strategic
management of individual firms may facilitate #ygoropriation of economic value
from addressing environmental problemisenthe market environment they are in.
Therefore, this thesis focuses on the firm levelthedirmOstrategic managemeént

! Strategic management is here defined Ei‘s] @&cisions and actions taken by top executives [E]
for firms to be competitive in the marketplag&lag et al., 2007, p. 946Jhe study of strategic
management herefersto eveloping an explanation of firm perfoamce by understanding the roles



The overallaim of the thesis is to contribute towaeldescription of to what extent
firms can capture private economic value from addressing environmental problems
and howstrategic management mighctilitate that outcome.

The aim can be broken down into two separate, albeit related parts. The first part
of the aim is to contributeith data and analysi to what extent firms that address
environmental problems aable to profit by doing so. Thagart of the thesis speaks
to the literaturestudying thegenerarelation between environmental and economic
performance, oftetabeled as Othe business case for sustainabilityO (cf. Salzmann,
2005; Steger et al, 2004; Lankoski, 2008)e second part of the aim is to contribute
towards a description dow strategic management mighatilitate firmsO ability to
capture economic value by addressing environmental problems. Thecthresders
the role ofstrategic managemefibm two perspectives: trexternality oriente@nd
theinternally oriented perspectiv&he former considers choices about howfitme
relaes to its environmentypical issues in this field include the use of environmental
branding (e.gHartman et al., 2005lobbyism (e.g. Pies et.aR010) and switching
from selling a product to a service (e.g. Mont, 2004). The lp#epectiveonsicers
choices about how managers relate to the firmOs 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 questiovere developed and have guided the
research:

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

2. RQ2. How carstrategic managemefdcilitate the development of
profitablesolutions to environmental problems?

Theintendedcontributionto the literature onvironmental strategg to add to
our knowledge othe relation between environmental and economic performamce
present an integrated framework of thailablestrategies for appropriation of
environmental valuéhatincorporates the previous literature into a coherent
framework which is consistent with a broader theoretical cordext to explore and
explain theorganizationamechanisms facilitating the relation between sustainability
visions and the developmentearfvironmental innovations.

The thesis has the following disposition. The rehdpteroutlines the previous
research on environmental strategy and a theoretical framework for environmental
value creation and appropriation, based on a proBlamng perspctive of the firm.

A methodchapteroutlines the studies underlying the findings in this thesis, including
also those that were not used in any of the papers but still hadbsaring on the
writing of thethesis. This is followed by a summary of the @mged papersn the
discussion, the main findings presented in the papers are discussed, answering the
research questions, and also outlining some implications for practice and further
researchThree paperareappended.

of external and internal environments, positioning and managing within these environments and
relating competencies and advantages to opportunities within extewiednmentsQbid).



2 Previous researchand theoretical framework

This chapterdescribes previous research that relates to when anéirhascan
develop profitable solutions to environmental problenin® previous research is
described in sectioR 1 Environmental strategyhis is followed by a descriptioof
the key theoretical concepts used iattiesis.Section2.2 outlines the theoretical
framework utilized in this thesi§ection2.3 summarizes the identified research gaps
in existing literature and psithem 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 areagietherthere is a
general relation between environmental performaand economic performance of
firms; 2) the role of firm strategy and behavior for the development of environmental
innovatons (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 Lindey; 1995
Unruh, 2000; Jédé et al., 2002; Kivimaa, 2008\thoughthe third stream of
literature could be interpreted in light of potential implications for firm strategy, it is
the literature in théwo first mentioned aredbat best share the focus of this thesis.

The termOewironmentalinnovatiorsChere refers to realized solutions to valuable
problem§, or, equivalentlynovel combinations of productianeanso satisfy wants
(cf. Schumpeter, 1982008 pp.65-66).

The research on thelation between environmental performarnd economic
performance (e.g. Lankoski, 2000; Salzmanal, 2005) is often referred to as Othe
business case for sustainabilitgQ. Stegeret al, 2004) The quantitative research on
the topic has resulted in conflicting results. Some have foynogitive relation King
and Lenix, 2001; Preston and OOBannon, 1997; Moore), 20die a negative
relation Freedman and Jaggi, 1982; Cordeiro and Sarkis,)188¥some no relation
(Levy, 1995; Aupperle et al., 1989 he qualitative research on ttapic typically
describes success stor{esg. Porter and Van der Linde, 199509. positive
relations accompanied by various interpretations of what made the environmental
performance contribute to the profitability of the firm in each particular. béesey
conceptual arguments, especially neoclassical approaches, suggest a negative relation
between environmental and economic performadiice,to the internalization of
previously externalized negative effects (Friedman, 1962; Lankoski, 2000). On the
other hand, much recent research suggests a possible positive ralaéditefature
review ofSalzmanret al, 2005 also e.gStegeret al, 2007), building on arguments
that tend to be variations of the notion Opollution is wasteO (e.g. Porter and Van de

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 ¢hiafsee 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 | the term is operationalized
using Eurofats definition of environmental goods and servite$apers Il and Il it is defined as in
section 2.2.1, by using the three first system conditions of a sustainable society (e.g. Robert et al,
20@).

% See section 2.2.1 for a full discussion and definiof the problem terminology



Linde, 199%). 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 sems certain is that there exadtleasisomegreen business opportties for
somefirms (e.g. Porter and Van der Linde, 1995; Hoffman, 2000; Dunphy et al.,
2002; Esty and Winston, 2006; Carrittermosilla et al., 2009 heview that at
least some opportunities existalso supported by threanageriatesponseto 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 firmOs profitability (Haanaes et al.,
2011).

A practial difficulty in estimating the relatiooccurs as neithemvironmental
performance nor economic performamgstraightforwardo measue. This has
resulted in varioumeasurementseing usedor both constructsAnother
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
environmentFor example, Steget al (2004), Stegeet al (2007) and Salznmn et
al. (2005) all stress the importance of evaluating the business case for sustainability
on an industnby-industry basis. Lankoski (2008) predicted that the relationship, for
any industry, is likely not linear, but rather is best described by artéahe-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 1below illustrates the multitude of approaches employed in tharsdsenthe
relation between economic and environmental performance of firms
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Figure 1 lllustration of methodological issues typically considered when
researching theelation between environmental and economic performance

Theliterature orhow firmscanactivelyrealize a positive relation between
economic and environmental performageain turn be divided into (at least) two
general areas: 1) what strategies are suitable exploit environmental innovations and 2)
how firm managergan facilitate envonmental innovation itheir organizations

Some researchers studying strategies suitable for exploiting environmental
innovationshave focused on business models changes that are conducive to exploit
environmental innovations. For example, the litel@tan produckervice systems
(e.g. Mont, 2002; Mont 2004; Baines et al., 2007; Roy et al., 2009; Tukker, 2006)
focuses ornow firms can overcome incentive misalignment between actors in the
case of environmental innovatiod$eintroduction ofproductservice systems is
describé@ as a business model innovatiorthe sense that the firm switches from
selling a product (or, sometimes, selling only a service) to selling a preeivite
combination. Produeservice systems are argued to be abienprove customer
value and threbymargins, reduce costs as well as reducing environmental impact
(Baines et al., 2007). Thislelievedto happen via a redesigniatentivesfor the
actors of the value chain, leadingremluced-esource consumptipimcreased
component recyclingnd sometimes a change of customer behanamt) (Other
research streanessentiallydescriling the same overy closely related phenomena
(i.e. productservice systemsncludethe literature ond@mand side managemént
(e.g Strbac, 2008)@hemical management serviéés.g. Reiskin et al., 1999),
Qunctional sale§(e.g. Sundin and Bras, 2005) aBérvicizingXe.g. Rothenberg,
2007).



There areesearcheralsostudyingstrategies suitable for exploiting environmental
innovationghathavefocused on environmental brandifeg.Griskevicius et al.,
2010) Environmental branding successfulvhen communicated information about
the ewvironmental impact of an offencreases the demand for the offer
independently of any related customer cost savings or product quality improvements
Thatenvironmental branding is sometimes successfdear from, for example, the
electricity industry. In the electricity indust@reen electricity® sometimes command
a premium price (Roe et al., 2001; Borchers et al., 2007; Ozald).20ther
industries which arguably lend themselves to successful environmental branding are
personal care products, food products and cleaning po@Dctato, 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 apprdaglever,for most
industries, it has been arguit environmentdbranding isonly useful as a
proverbial Othirdutton@Ottman, 1998; Esty and Winston, 2006). In other words,
that environmental branding should be seen aslg complement to communicating
more tradional customer values such as quality and price.

Otherresearchrsalsostudying strategies suitable for exploiting environmental
innovationgtake a starting point iacknowledgng the role ofeconomianstitutions,
as is often focused on the policyrelated literatureHowever, in contrast thegpply
that insight to th@erspective of thendividual firm. For example, Pacheco et al.
(2010), drawing on Hardin (1968) and Ostrom (1986€jue that in order tprofit
from environmental innovations, firnvgll often need to form interest groups and
lobbyist organizationsThey need to do thia order to overcome issues related to a
lack of property rights for environmental goods and to lobby for regulatory changes
beneficial to environmental innovationse®des potentially opening up market
opportunities, such behavior can also be useful to increase the costsgoéann
competitors (cf. Salop and Scheffman, 1988)nce, indirectly improving the
competitive advantage of firms with superior environmemaformance.

In the seconditeraturestreamfocusng on the practical and organizational OhowO
of facilitating the development of profitabégvironmentdy superiorsolutions there
arealsoseveraldirections Oneargument in this literature is thatl@vgets measured
gets improvedO (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. Forida, 1996; Melnyk et al2003; Simons and Mason, 2003ther researchers
have focused on the factors affecting the diffusion of environmental innovations, both
finding that the innovatorsO relations to and use of contacts in the social systems
receiving the environmental innovation plays an important role for the rate of
adopton (Halila, 2007; Dieperink et al., 2008§ome researchers have studisel
role of organizational inertia in relation to environmental innovation (e.g. Williander,
2006) Williander convincingly argues that thassa need to recognize that firms may
hawe difficulty seeing and acting even on comparatively obvious green opportunities.

Several authorstudying how tofacilitate environmental innovatiom established
firms havearguel thatsustainability 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 suggesteohghat
shouldutilize 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 firmOs strategy is empirically
supported by.arson (2000), who describ@ case whefgaving clear environmental
visions and goalfacilitated the development ehvironmental innovatian Figgeet

al. (2002) suggest the use of a sustainability balanced scorecard as a tool to integrate
the sustainality vision into the firmOs organization in general anfhcilitatethe
development of enviramental solutionsThere is, however, still a lack of empirical
research thatarefully investigateBow the practice of using a corporate
environmental visiomeally relatesto 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 appropréition
environmental value by private firms, using a probkotving perspective of the firm
(Nickerson and Zenger, 2004).

2.2 A problem solving perspectiveon environmental value creation and
appropriation

In order to survive in a competitive market, a firm magbropriate economic
value. Excepting rergeekingoehavior(cf. Krueger, 1974)firms appropriate
economic valudy atwo-stageprocesgVrandenburger and Stuart, 199%. Lepak et
al., 2007. The first step is tareat valuebtypically for customersThe second step
is to captue a part of thavaluebtypically via revenues. For a firm to profit, the
captured valuaeed to be larger than the firmOs costs of creating the value in the first
place. The logic of how a firm creates and appropriatesoasicrnvalue by taking
advantage of an opportunity is typically referred to as the firmOs business model
(BjSrkdahl, 2007; Osterwalder and Pigneur, 20@9husiness mode$ considered
economically sustainable ifallows a firm to capture more value thinonsumes in
creating that valuerhus thetwo prerequisites for designing an economically
sustainable business modetviable strategesfor how the firm may 1) create value
and 2) appropriate a large enough share of that value to attract thedegsaerces.
Below, aframework for describing the creation of value from addressing
environmental problemis outlined(section 2.2.1jollowed bya framework for
describing the appropriation of the created véseetion 2.2.2)

2.2.1 Environmental value creaion

Taking aproblemsolving perspective of the firm (Nickerson and Zenger, 2004),
means taking a view whefiems create value by solving problemspfoblemis
defined as a difference between a perceived currentadtatiairs and an imagined
preferred future state of affairs (Simon, 1978) as experienced by some subject
(Landry, 1995), here referred to as the prob@mmef. In addition, it must be
significant to the involved stakeholders, solvable by some agentpbtrivially so
by the beneficiary of the problemOs solution (Agre, 198gjoblem formulation

* N.b., the definition of a problem here excludes SimonOs (1978) third component: Operators.
Operators refer to the Olegal movesO in the puzzles that Simon studied. In the context in which the term
is used here, operatorsarsually 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).



consists of amexplicit statement of th&) problem owner2) the perceived current

state of affairs an@) the preferred state of affairs. The activity oblplem

formulation is the generation of a problem formulatidrguably, 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)gAltho
the task of problem formulation is critical to managersO deaisasing

responsibilities, the reality is that managers rarely fully understand the soutices of
problems (Pounds, 1969)he theoretical construct of a problem, as well as the
componats of a problenfiormulation is illustrated in figur@ below.

Current state of affairs

Problem owner Perceptions

Preferred state of affairs

Figure 2 A problemformulation(based on Simon, 1978)

A problem issolvedif 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 ppblem 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 partplved. 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 proladdressations used to
denote the partial solving aefproblem. 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 tbe previous state of affairs by the problemner.

A problemsolutioncombinationis considered/aluableif the cost of the solution
is lower than that of the problerof(Hsieh et al., 2007)A problem is considered
valuable if it can be used to constra valuable problersolution combinationif a
valuable problensolution combination is addressed, value is credteds, by
definition, a prerequisite for a profitable business model is the existence of a valuable
problenbsolutioncombination If thereare 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 thess, environmental problemare 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

> Note that this definition does not assume thatgtoblem 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)Os definition of a Ovaluable
solution pairO as equivalent to an entrepreneurial opportunity (Shane and Venkataraman, 2000); i.e. a
situation which allows the entrepreneur to profit by solving the problem.



used herés anthropocentric in the same sense as for example the Brundtland
commissionOs definition of sustainable developnuitgd Nations1987). The
preferred state of affairs for an environmental prokdeethe necessary conditions of
an environmentally stainable society, for example operationalifBdper lll)as the
first t?ree system conditierof The Natural Step (e.g. Raobet al., 2000; Holmberg,
19957.

There exist valuable problems in the set of environmental problems if there exists
several envbnmental 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 benefici@onese
such problems do exist, as is exemplified in Papdihiis means that the first
prerequisite dr 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.Perhapghe mainchallengen achieving this is caused by thaany
environmental proleims can be represented as social dilemorasocial dilemma
problems A social dilemma is a situation in which Oindividuals in interdependent
situations facehoices in which the maximization of shoetm selfinterest yields
outcomes leaving all partigants worse off than feasible alternatives.O (Ostrom, 1998,
p. 1) Because the probleowner of social dilemma problems is the OcollectiveO, i.e.
the sum of the involved actors, there is no individual actor that has the incentives to
solve the problem asng as the situation shares the qodfystructure of a social
dilemmabeven ifthe environmental problem a valuable problem (cf. Dawes,
1980).Hence, n social dilemmas situations, valuable environmental probleves
those properlyormulated,may notbe 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.Valueappropriationrefers o the act of capturingaluegenerated by a
solution or addressation of a problehhus, 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 heseathe created value is diffused among
problemowners the firm captures no revenues form, such as the general public or
future generationshis is illustrated in figure Below, which is an adaptation of the
description of value appropriation in a valtlein byBrandenburger and Stuart
(1996) The first column is fronBrandenburger and StuartOs papiee second
column includes an additional level on top of their model. It is added hidlestate
the potential appropriation issue when addressingikditemma problemsn a
situation where the customer is the only probtammer 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 wouldlbeg to pay.When
there is a consumer surplus, the prgckwer than the willingnes®-pay, as

® Oln order for society to be sustainable, natureOs functions and diversitysgstematically
subject to: I. increasing concentrations of substances extracted from the Earth's crust; Il. increasing
concentrations of substances produced by society; Ill. physical impoverishment {haoxesting or
other forms of ecosystem maniptibnO (Roberét al, 20@, pp. 198199



indicated in the figure. The cost corresponds to what the firm has to pay its suppliers
(including employees) in order to realize the addressation aitemersO problem.

In the right hand column, some of the created value is captured by actors external to
the transaction between the firm and its custontksoted as value captured by the
collective

Willingness
-to-pay T ¥ g
. Value captured by
........................ >
Price the collective
. lo— Value captured by
Cost """""""""""" > . the customer

“Value captured by
the firm

Value captured by

) suppliers
Normal problem  Risked outcome
addressed when addressing
social dilemma
problem

Figure 3 lllustration ofthedifficulty withvalueappropriation when addressing
environmental problems that can be represented as social diler(haaptation of
figure 2 inBrandenburger and Stuart, 1996, p.)10

Viewed from the pespective illustrated in figure &ove, the core issue of
environmentaktrategy becomes not only how to increase the value the firm creates,
but more importantly how to increase the value that the firm appropildissan be
achievedoy reducinghe ratioof the created value that is captured by the collective
in other wads, by reducinghe spillovers.

The concept of spillovers is often usadhe literature oprivateappropriation of
economicvalue,typically in relation to intellectual property strate(g/g. Teece,
1986; Audretsch and Feldman, 199%pilloversarean issue in intellectual property
strategy because (shared) knowledge has the properties of a public good, implying
that thecollective capturemost ofthe value In the case of knowledgspillovers
thusimply a social dilemma. The dilemma is that iiokvledge can be used by
anyone, it becomes difficult to appropriate economic value from it due to competition
Henceindividual actors are not incentivized to creagésvknowledgeThis is b the
detriment of everyone (assuming that knowledge creatiorsisatide). Because the
intellectual propertygtrategy literature deals with issuesspiilovers which is tightly
connected to social dilemmas, itisrelevance tahis thesis.

The most cited papéo dateonintellectual propertptratey was written ly Teece
(1986) in which he defines an appropriability regitdé 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. d@dte m
important dimensions of such a regime are the nature of the technology, and the
efficacy of legal mechanisms of protectionO (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 thahe chose to consider a firm&gategiegor minimizing spillovers
primarily in terms of complementary assétsthe exclusiomf other institutions than
the paént system. However, there alsoother types of institutions that ensure
cogperation(i.e. resolve social dilemmas, for example by reducing spilloueis)
economic systenThe concepof institutions isusedin several parts of this thesis (in
particular in Paper Il and ichapter 6).

The term QOinstitutionsO has been referred to Othe rules of the gameO (North, 1990, p.
3). Further, it has been argued that institutions serve assolet#ons to social
dilemmesas in that they change the paifs of social dilemma games (Ostrom, 1990).
Williamson (2000) provides a breakdown of the conagtptfour levelsn a paper
providing an overview of the field of new institutional economidge notion of
institutions as me-solutions to social dilemma problenssjuite usefulwhen
discussing the appropriation of value by firms that address environmental problems.
In particular thdour levels proposed by Williamson (2000) are the basis for the
derivation of appropriationtiategies for environmental solutions put forward in this
thesis (see Paper, Riso chapter)s

2.3 Research gap

Theenvironmental stratediteratureemergedn the late seventies, and has grown
significantly during the last two decades. It now covers a atid®y of topicsA
primary guestions whetherand to what extent firms can combine envimgmtal and
economic performancélowever, the research $ihhusfar been inconclusive because
of conflictingfindings For example King and Lenix (2001) found a positive relation,
Cordeiro and Sarkis, (1997) found a negative relation and Levy (1995) found no
relation.Repeated calls have been made for both further theory explaining the casual
mechanism$ehindthevariation in therelation (Ullman, 1985Arag—Correa and
Sharma, 2003; McWilliams and Siegel, 2001; Rowley and Berman, 2000; Schaltegger
and Synnestvedt, 2002 and Lankoski, 200&1 for more empirical research to better
take into account the differences betwewstitutional setting¢Salzmanret al, 2005;
Steger et al., 2004This thesis aims to contribute towards an addressatitire of
methodological issuby employing a novdlto the field)researctdesign and by
analyzing amethodologicallyjustified setof newdata (very small environmentally
oriented firms)

Also, the environmental stratedjjeratureaskshowa firm can be managed in
order to combine environmental performance with economic performaaoe of
theenvironmental strategesearctdescibedhas beemrimarily internally focused,
and includes notions such as the natural resehased view of the firm, lean is green
and the importance of a clear and internally oriented sustainability leadership. The
latter example includes the recognitiointhe importance of sustainability visions in
firms (e.g. Hart, 1995; 1997However, previous research has thus far not explored
thepractical effect®f sustainability visions in detailhis thesis aims at addressing
the lastissue by leveraging theocept of managerial problefarmulationto explain
the organizational mechanisms that facilitate the relation between sustainability
visions and the development of environmental innovations

Numerous publications have convincingly argued that thereseustal strategies
how thefirm relates to its environmetitat enable firms to profit by improving their
environmental performanc8uggestions includéor examplethe use of
environmental branding and etabels, changing towards a more service oeent
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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; Bjsrkdahl, 2043 thesis aims

at addressing thack 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 chapterdescribe the empirical studies and some methodological assumptions
underlying the claims presented ithesis. Thehapterbegins witha short
reflection on the research journey leading ufhtothesisThis is followed by a
description of the two main empigl 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 Il and Paper | respectiVdlgchapterendswith a
description of the mettheoretical ad methodological points of departure that best
describe the approach chosen in this thesisaadmkef discussion of the reliability and
validity of themethods employed

3.1 The researchprocess

Thisthesis is not, an not intended to ha chronologically ordered story of the
research behind the findings. However, ltrstorical detail©f how researchevelops
may sometimedave implications on the type and quality of the results eventually
presented. The path from starting my resetoetriting this thesisvas a crooked
ong and has some such implicatiombese are briefly described here.

The first study was conducted in 2009 and the last in 2@Hetween there were
at least four minor empirical studies as welhagxtensivestudy of the literature
These inbetween studiesventually became the primary enablefrPaper Il.It is
perhaps not surprising that the foaighe studieslso shifted somewhat as a deeper
understanding wagevelopedConsequently, it was not an altoiget easy task to
create the synthesis presented in this docursreparticular challengen
synthesizing the findings walsat the unit of analysis differs to some extent between
thetwo mainstudies. In Study 1, the focus was on internally aimed aesviif
managers of large corporations. In Study 2, the focus was on smafidirategic
behavior and externally measurable attributes such as pidfissdivision carto
some extent baced in the formulation of the research questions, of whicfirghe
essentially blaclkboxes the firm, whereas tkeconds concerned with the actions of
a tier ofindividuals within the firm (i.etop managers). Thdieingsaid, a firmOs
ability to profitably develop and commercialize solutions to environmentalgmsb
is determined byothinternal 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 knowledgEor example, in the discussion(section 5.2)t
becomes clear thatcomplete answer to Reseagqtlestion2 mustincludeboth an
organizational perspective and the perspective of how the firm relates to its
environmentFurther, ahint of potentiafutureintegration of the two perspectives can
alsobe seen in the discussion of future research (section 5.3)

3.2 Study 1BbManaging Green Innovation

Study 1 was designed as a multipkese 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 contexinsigered
poorly understood (Miles and Huberman, 1984/1994). The study was performed in
2008 and 2009, by four people: Sofia BSrjesson, Marie Elmquist, Thomas Hordern
and Marcus Linder. firee 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 eageparticipate). The sample casted of Tetra Pak

AB (five interviews), Axis Communications ABéveninterviews) andearing Co
(nineinterviews).

Only qualitative data was collected in the study. The data was collected via
initially unstructured and later se-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 gibecific new offers (e.g. engineering
manager, product development manager, business development manager). All
interviews where conducted by two researchers and recorded. Most interviews,
especiallythe interviews later utilized for Paper lll, were alsanscribedThere were
also a number of documents analyzed, such as marketing material and annual reports
(Paper ).

The data was first analyzed using a themaditing(Flick, 1998/2009in which
the field notes from each interview were coded and aledtaccording to theoretical
themes. The results from this analysis were presented at a conference in Brisbane,
Australia (Hordern and Linder, 2008jowever, hat paper is not included ingh
thesis.For Paper llithe data from one of the firnfanonymizd)was analyzed
according to what Miles and Huberman (1982/1992) refers to-stquetured casé\
pre-structured case analysis means ¢helironological narrative was constructed of
the studied events for the development of one particular group o afieng the
theoretical concepts of problem formulation and solvifigs narrativevas then
tested against respondents in a foHovinterview. Thdindingsfrom thispart of the
studyare presented in Paper II.

3.3 Study 2bValue creation and appropriation in the cleantech sector

Study 2 was designed as a cresstional study with the purpose of comparing the
profitability of firmswith an environmental orientatiomith other firms and each
other.| designed and performed this study own my Qwemscept fo the dataanalysis
presented in Papemlith which | had the help of Daniel Ljungbeihe 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 firmOs
economic performance than isattly related to its environmental performance. For
example, Lankoski (2000) collected data on individual plants (at the cost of sample
size)and King and Lenox (2001ised multiple regression to estimat&ery smal)
effect sizeandcontroling for arange ofother factorsStudy 1 instead focused on
very small environmentally onged firms, often with a single, comparatively OgreenO,
offer. Themethodologicajustification being that because of their small size, their
environmental orientation is kgty 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 adargemeasurableffectfor smallenvironmentally
orientedfirms.

" With helpful feedback from mgupervisors and several generous early trial respondents from
academia and industry

14



The firmswith an environmental orientatiomere selected based on a public
database (Swentec,201105-01). The Swentec database is in turn a subset of the
firms in Statistics ®edenOs environmental and economic accounts, which lists firms
that match the OECD (1999) and EurostatOs definition of environmental goods and
service8. Statistics Sweden has identified these firms since the year 2000 via-NACE
codes, free form searchespfblic databases (e.g. Yellow pages) and industry fairs.
Thesubset ofirms in the Swentec databaseludesonly firms that are active in the
following technology fields: Air pollution control, Bioenergy and biofuels, Cooling
technology, District heat@ Energy efficiency, Energy storage and hybrid systems,
Environmental consultantstraining and information, Heat pumps, Hydro power,
Marine technologies, Material technology, Noise protection, Soil remediation, Solar
energy technology, Sustainable builgi Systemsengineeringcontrol engineering
and monitoring, Transportation, Waste management and recycling, Water and
wastewater treatment, Wave power, Wind energy technology.

For Paper 1155firms of a total of 901 firmsvith an environmental orieationin
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 OAktiebolagO)

last yearOs number of employees (two to nine)

turnover(less than 100 MSEK)

age of the firms (less than 30 years)

only firms that reported a profgtatementor 2009 and 2008 (last two years of
comparison)

K K K K K K K

A set of comparison firms was sampled from the population of all Swedish firms.
These were initiallfiltered in the same way as tlodeantecHirms.

To further control for differences stemming framntingency factors, such as
industry differencesacomparisorwassampled from the full neenvironmentally
orientedpopulation of firms. To create the coarson group the matching estimators
developed by Abadiet al (2004) and Abadie and Imbens (2006) were LUEbd.
matching estimatomnfatch eaclenvironmentally orientetirm with similar normal
firms on a set of specified characteristics (age, employwesver, industry
classification) in order to estimate the average effect of belonging to the
environmental orientatiogroup on the expected profitabilitfhe data collected for
Paper | was accounting data and industry classifications. Accountingakta
retrieved from a provider called AffSrsData. The industry classifications according to
NACE wereretrieved from Retriever BolagsinfData analysis was performed using
the test for average treatment effect for the treated (ATT) in (Abadie et al.,&@0D4)
LeveneOsquality of variancetest(Levene, 1960; BrowandForsythe, 1974

There was also a second set of data collected in Stbdy®ey data. The survey
was designed in order to investigate howeheironmentally orienteirms
leveraged thie environmental performance in order to create and appropriate value
from their customers. The survey was administered as auveby. 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 andsystems. This includes cleaner technologies, products
and services which reduce environmental risk mimdmize 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 SventecOs database, based on the following criteria:

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

Of the 469 firmsl66 provided complete answers, yielding a response rate of
approximately 8 percentAnother40 respondents provided incomplete answers.

The survey constructs were based orfole appropriation strategiefeveloped in
Paper II, with some of them divided into two stinstruct3to makethem easier to
operationalize and measuEach construct in the survey was measurethi®eitems
with answers in the form of Likert scal@sfollow-up question was asked for each
construcion whetherespondents/ould consider doing more tfiatin the future.

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

3.4 Other studies

In parallel with Study 1 and Sty@ a few other studiesere conducted, although
none of them has hitherto resulted in a research pabemever, they have
undoubtedly influenced the geatunderstanding of the topic ofetthesis. This is
especiallytruefor Paper I, which brings together insights from many different points
of view. Below, the studies atariefly describe.

Connect VSstDuring 2009 and 2010, a series of unstructurezhifgws were
performed with the CEO of Connect V8sth the purpose of study the challenges
and opportunities of integrating sustainability concerns in an established organization.
In the study, we followed the CEC&d®mpts to create a growth accelenagprogram
for small businesses. The program was to be based on insights from the literature on
sustainablelevelopment and the tools fronmd Natural StepHolmberg and Robert,
2000. The longitudinal case study foll@gthe CEOOadvancesind obstaclem
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 performedogethemwith PhD student Thomas Hordern.

GSteborg Energi ABDuring 2009, a case study was conducted at a local utility
firm: GSteborg Energi AB together with Sofia BSrjesson. The study explbeed
possibleémpactof the sustainability policy of the firmOs 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 environmentallgifferentiated produeservice system (Mont, 2004) solution.

The solution, a guaranteg¢eimperature offer, which had faced internal resistance
because it threatened to cannibalize existing revenue flows, would likely not have
been developed except for thastainability policy cascaded downwards via the CEO.

° Ecolean was divided into customer savings, customer perception of quality and internal savings;
ecolobbyism was divided into lobbyism for increased customer benefits and lobbyism for reduced
customer costs; someigstions were added regarding providing environmental knowkeuide
environmental monitoring to customers and common problems the firms had faced in marketing their
environmentally oriented offers.

Y9N.b. no claims of findings made in the thesis (i.e.liapter 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 wassthlezationthat
sustainability visionsnight be importantor enabling the development of
environmental innovations.

Greenwash definitios. During 2009a search for definitions of OgreenwashO was
made exploring thecademic literature and encyclopedias and major environmental
NGOs In total 37 definitions were collected. The definitions were described and
grouped into two major categorigsa 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 effori( 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 Il would be
described as greenwashing. However, as is arguegar Ragfrom an innovation
management perspective, it is problematic to discount the importance of problem
formulation in the development of any innovatitius alsenvironmental
innovations.This study | did alone.

Problemformulation experiment In thefall of 2009, an experimental test was
conducted to test the communicative validity of the term prolsielotion pair as
equaling entrepreneurial opportunities (Hsieh et al., 2007). The test was designed
using the Asian disease experiment by TvemkyKahnemar{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 Ooppditarity OchangeO were
switched to OproblemO and OsolutionO. 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 (& rube
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
lossaversion (Tverskynd Kahnemar991), the students that received fr@blem
terminology version expressed considerably (and statistically significantly) more risk
seeking behavior than the other grofgakeaway from this study was that although
sustainability visions (or parts thereof) can be theoretically interpreiedtaaces of
problemformulations, whether or not they are presented as such internally could
determine what type of actions they induce in the organizaftiua.study | carried
out by myself

3.5 The quality of the research

In order to evaluate the quality a piece of research, one must first determine the
criteria for what constitutdesnowledge (epistemology) and what fundamentally
characterizes the phenomena the that are described by the research (ontology)
Section 3.1 describes the perspective taken on those issues in the thesis. In addition,
adiscussion of potential issues with the reliability and validity of the presented
research is provided in sectiorb.2.

3.5.1 Meta-theoretical reflections

Ontologically,thethesis 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 asal 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 lbéobretical 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 pootatem) to be
defined é.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 assuotgective as possible. The term inter
subgctive 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
de<ription 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
levelsof reality (e.g. Barley, 1986). Although Chapter 2 (and Paper 1) 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}.

Another relevant issue when evaluatregearchs theepistemologcal
perspectivei.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). Friedgusda
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
observatios. It is the former which is the ultimate goal of a scientific theory in
FriedmanOs perspective. However, the latter is often a necessary first step for theory
development. In this thesis Papers | and Ill can be considered to contrithute
predictions bout future observations, whereas Paper Il 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 ternmsst 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 wkhown statistical techniques.

Consequently, the reliability of the clairbased on Study €hould be considered
fairly strong. As for the claims based on Study 1, which is a qualitative study, the

1 After all, if all firms were perfectly rational profinaximizers, there would be no opportunities
for firms to prdfit. The rationality assumptiomsed in some referencissn the thesisnediated by
taking intoprimarily building ona Obehavioral approach to rational choice theoriesO (Ostrom, 1998,
p.1).In essencesurvivingfirms have a tendency to behave rationaltyler competitive pressure (cf.
Nelson and Winter, 1982) but the rationality of individual actors is both bounded (Simon, 1991) and
sometimeseen predictably irrationaldstrom, 2000)The prevalence of predictable irrationality in the
context of this thsis is also highlighted in the probldormulation experiment (section 3.4 above).

18



term reliability becomes somewhat difficult to interpret. Ondatolaim reliability
by pointing out that the data collection for the specific case is well described (see
Paper Ill).

Validity here refers to the soundness of the presented reasoning, but is more useful
as a methodological construct when divided intoergpecific termsThediscussion
here idimited 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 ard$tl, to the small extent that
generalized claims are made, this is achieved through leveraging existing theories on
problem formulation and innovation (see Paper Ill) that have been shown to be
generally applicable in previous research. One might refiérid practice as
analytical generalization (Yin, 2009). For clainerived fromStudy 2, the question
becomesisthe sample of smadinvironmentally orientefirms representative for
other groups of smadéinvironmentally orientetirms?It is always dificult to
generalize economic findings between institutional settings. That being said, the
sampling of firms was based on OECDOs (1999) definition of environmental goods
and services, lending a degree of comparability to corresponding parts of the
populaton of firms matching that definitiowhich residan 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 soureds of the arguments made regarding
causal relations between variablesr Research question(To what extent are firms
that address environmental problems able to prcaiv@yy 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 datateéFhal validity
is supportediy the quasexperimental design utilized in PapeFbr Research
guestion AHow the strategic managemaesfta firm facilitate the development of
profitable solutions to environmental problems®tausal 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 Ill. The claim
of causality is supported by noting that 1) ¥son preceded theffers 2) theoffer
and thevisionwere 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 exantpleenvironmentally orientetirms
were selected from a database based on OECDOs (1999) definition of environmental
goods and services in order to ensure construct validity (as well as parsimony with
previous literature). Construct validity is also cahto the relevance of the results
from the survey in Study 2, though the results are not analyzed in this'tr@ss.
potential issue with construct validity in this thesis stems from the fact that the term
problem, solution and problem formulation wezasionally used in the final
interview of Study 1 to verify the pigtructured case. The cause for concern stems
from the results of the experimental study (reported in OOther studiesO above)
indicated that people tend to perceive the prokdetation teminology differently

21n the survey in Study 2, the items were constructed to measure each theoretical construct and a
CronbachOs alpha was calculated to give an indication of the quaiieyaafrhbined 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
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4 Summary of appended papers
This chaptersummarizes the papers appended to this thesis.

4.1 Paper | DEnvironmental Orientation and EconomicPerformance:
Are there Green Opportunities for Small Firms?

The paper contributes to the literature on the relation between environmental and
economic performamc(e.g. Salzmanet 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@sented in the paper indicate that small firms with an
environmental orientation have a lower expectge@dr average profitability. The
results also indicate that firms with an environmental orientation are considerably
more diversified in their profitevels 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 environmemtaéntation 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 em@aysasi
experimental desigmiwhich 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 firm2-9 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(twee
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 largebfuds 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 Il DA problem-solving perspective on strategies for
appropriating environmental value Bsome 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 stating 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 paspective of the firm (Nickerson and Zenger, 2004; Hsiedd, 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
appropriationjs difficult for firms by drawing on the literature on social dilemmas.

By leveraging the idea that economic institutions can serve assolatans to social
dilemmas (Ostrom, 1990), the paper uses a-@vad typology of institutions
(Williamson, 2000 to derive four generic appropriation strategies available to firms.
These were labeled eéean, ecebranding, ecdobbyism and ecéransaction design.
These four appropriation strategies constitute the framework presented in the paper.

21



The paper contriltes 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 implicatins in the sense that managers could with the support of such a
framework OseeO appropriation strategies when considering the business case for
addressing a particular environmental problem. In contrast to many other lists of
clever environmental innovatis, 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 ecomncs, a problensolving 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 ampration strategies are inclusive of the
whole phenomenon of firm appropriation of environmental value.

4.3 Paper lll BFormulating problems for commercializing new
technologies: The case of environmental innovation

This paper explores the role of managdonamnulation of environmental problems
for the commercializing of new technologies. By utilizing a probsatving
perspective on strategic management, it shows that there are two wayscidlédso
environmental, profitable innovations for firms can leealoped. The first way,
which is well established and which only is discussed briefly in the paper, is to
develop novel solutions to already widrmulated environmental problems. The
second viable way, as illustrated in this paper, is to formulateosmental
problems, and letting the organization find already developed solutions that together
with the environmental problem formulation creates valuable prebt#uation
combinations

Empirically the paper is based on Study 1, in particular the findnogs 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 washe papemterpreted 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) enronmental problensolution pair. This problersolving 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 thédevelopment 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 environmentahwvation by providing an explanation of the
underlying organizational mechanism that realizes that connection. The paper also
illustrates how the reformulation of an offerOs addressed problem into an
environmental problem can change the initial value mijoo 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 isttegic management facilitatéhe creation and appropriation of
value when addressing environmental problems. Two (main) empirical studies were
conducted. Thishapterdiscusses the results of these studies and the theoretical
development described in Rap I, Il and Ill. Thechapterbegins with a discussion of
the two research questions, and ends with some reflections on future research. Recall
the two research questions guidihgresearch:

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

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

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

Many of the experienced business elepers, managers and innovation managers
in large firms that were interviewed in Study 1 (as well abenGStelorg Energi AB
study and Conne¥Sst studysection 34) expressed that it was not always obvious
how the firm should profit from addressingv@onmental 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 Ogreen®?offers.
Therefore, to investigate the relation between mbiity 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 mirrced in the accounting data. ThatfPaper | showed
thatbon averag®the firmswith environmental orientatiowere 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 (¢ance, 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 Q$hB4687). Study 2 is
different from most previous studiesthmat it tested the relatidior small firms in the
cleantech sector. Putting the results from Study 2 in relation to previous studies,
which have reported conflicting results, Research questaannot be considered
conclusively answerefr firms in general. Howevethe resultshowthat the
hypothesized challenges with profitably addressing environmental problems are
certainly present for at least the sector small Swedish cleantechlfirths regard,
Study 2 can be considered to have contributed with new and relevant empirical data
as well as a novelata analysis methdd the literature discussing the topic.

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

13 Going even furtherseveral managers expressed that (steom) profit should not be the only
goal of integration environmental sustainability into the firmOs strategy, in order for the integration to
be successful. The latter sentiment may reflect that the profitablessation of environmental
problems require the significant innovation wock Robert et al, 2000 or that the benefits of
addressing environmental problems may be only indirectly linked to profitability, by sustaining the
firmOs Olicense to operateCStefjer, 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(ttie green

prisonO oPacheco 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 pobtly

Summarizing the discussion on Resbaguestion 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 OOBannoiby1997)
providing newmethodologicallyjustified empirical dataand a nove(to the field)
method of data analysiBlowever, 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@ition, 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 Il, pointed at that there exist many environmental
problems that are valuable, i.e. problems seéhsolutions are less costly than the
status quo. From a problesolving perspective of the firm, this implies that there
exist corresponding opportunities for firms to create value by addressing
environmental problems. However, because many environnmotaems 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 developfremititions 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 Il, concerns hewitm 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 Ill and only indirectly in Paper Il, concerns howegtat
managers can facilitate the internal development of profitable predidurtion pairs
in the set of environmental problesnlutioncombinationsThis relates to the
literature in the fields of environmental strategy dealing with the organizationa®Oho
of realizing environmental innovation (e.g. Hart, 1995; 1997).

The conceptual framework for strategies for appropriating environmental value
presented ifPaper Il pointed at four distinct types of strategies that firms can pursue
when addressing envirorental problems. The framework seeks to contribute to the
literature on environmental strategy by intelating the four strategies (eboanding,
ecclobbyism, ecetransaction design and et&an) in a unified framework consistent
with the more generalenv institutional economic theory (e.g. North, 1990;

4 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 welltudied areas in the field of environmental strategy. Specifically,
eccbranding corresponds tbé literature on environmental branding (¢dgrtman et

al., 2009, eccalobbyism to for example the literature on ordonomics (e.g. Pies et al,
2010), eceransaction design to the literature on switching from selling products to
designing produeservicesystems (e.g. Mont, 2004) and dean to the numerous
examples of green improvements as Olow hanging fruitO (e.g. Porter and Van der
Linde, 1995b; Holliday et al., 2002; Willard, 2002; Esty and Winston, 2006;
Desrochers, 2010) and the Olean is green@eanigu(e.g. Floridat al, 1996). The
framework in Paper Il constitutes one part of the answer to Research question 2 by
providing a typology of the four possiblappropriation strategies applicable to
solutions to environmental problems

The findings inStudy 1 (eported in Paper Ilendalsoconsistent withthe
responses in the other two firms, as well aheGSteborg Energi B study and
Connect VSst stuggeesection 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 firmOs internal organization. The case presented in Paper
lIl is one example of howuch efforts can pay off. Paper Ill 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 innovationgd@rt, 1995 and 199)/ The findings of Study 1, presented
in Paper Ill, indicate that asrganizationOs sustainability vision can indeed facilitate
the development of environmental innovatiolmg serving as a managerial problem
formulation guiding the organizatioln the case described in Paper lll 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 $th@xist 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 nagbm that realizes that connection.

In view of a broader theoretical context, one may interpret this as an instance of
managers actively managing a garbageroadel (Cohen and March, 1972) type of
process for organizational decistaoraking. Solutions ennge in different parts of the
organization, in the studied case in response to a speegiomer requestheyexist
in the organization for a period while being tested against suitable problem
formulations with which they can be connected to and beifgyiavaluable problem
solution pair withbi.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 selatethen tested.
might be noted thaush managerial problem formulation is not only related to the
second, internally oriented part of Research question 2, butgioitly related to
the first part, i.e. the management of the firmOs relatids éavironment. Top

'3t should be noted that there are an infinite bemof more or less systematic orlaat 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 theisedst
However, the division of institutional levels utilized in this thesis (i.e. Williamson, 2000) could in all
fairness be considered quite influential or OmainstreamO in the modern literature on new institutional
economics as measured by the numb@itations. Thus, while | 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 firmOs 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 ta have
deep understanding of the firmOs prok$eiring capabilities in relation to the

existing or future valuable problems in the firmOs 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 formul&ion
solution pairs would have been facilitated by the sustainability vision.

In conclusion, Researduestion 2 has been answered from the perspective of
managing the firmOs relation to its institutional environment via the framework
presented in Paper Il. However, it should be noted that the framework has not yet
been empirically validated in terms ¢f instrumentality, i.e. its ability to work as a
useful tool in designing a firmOs environmental strategy. In addition, the findings from
Study 1 in combination with the theoretical interpretation in Paper Ill, have
contributed one part of an answer tcsBa&rch question 2 from the perspective of
managing the firmOs internal processes and organizati@xpia@ninghow a firmOs
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 hithdrave beesummarized and
reviewed In view of that, | believe | havieeen able to provide a few more pieces of
the puzzleof to what extent firms can capture private ecoitvalue from addressing
environmental problems and how strategic management might facilitate that outcome.

The findingsmay havesome implication$or the practice of environmental
strategy. First, the resuliiom Study 2 (presented in Papemniakest clear that it is
difficult for small firms to profit from being differentiated by environmental
performanceHowever, some firms are very profitable and others muchTésshigh
degree oWariationamong the environmentally oriented firms suggest frerhaps,
therecould bea phenomenon reminiscent of the prevalenagoofprofitable Internet
companies at the turn of the century happening in the cleantech sector today. In any
case, the conclusion is thattleasimanagers ofmallfirms arewiseto carefully
devise a business model for the appropriation of environmental value lidoréing
to differentiate their firm on lovenvironmentalmpact

Second, as presented in Paper I, theesohaleed exist a number of strategies for
the appropriatiomf environmental value. The framework presented in that Paper I
should be useful for managers in helping theoome aware dhetype ofstrategies
available to them.

Third, as indicated by thiendingsfrom Study 1 (presented in Paper Ill), one way
to facilitate the development of environmental innovatiorthasmanagers formulate
environmental problems of strategic relevance to the firm. This can result in not only
the development of new solutions, but atsthe identification of new applications
for existing offers or solutions.

There are also implications for future reseaildie review of the findings from
Study 2showed that there was a surprisingly high variance in profitability among the
environmentally oriented firm3.his observatioman beviewed as implyinghat 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 paftsm bothResearch questiorisand 2 in the
thesis. It is alsarguablyone 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 explgithe causes of
the variability in profitability is to utilize the survey data collected in Studyhis
data can be usdd analyze if there is any systematic relation between the profitability
of environmentally orientetirms and the strategies thage in order to increase the
environmental value that they appropridtee analysiscould be performed as an
ordinary least squares multiple regression model, treating the average profit as the
(metric) dependent variable and the survey construct vatesns of 3 items of-7
point Likert scales, in cases of CronbachOs 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 firmst 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 varidtien in
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 primarilytaging 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 preevaluation of environmental innovations. Qe&vant 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 hemnlpopularized 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 congptsor 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 ahadrston, 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 semistructured 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 perspeatitree 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 paperinvestigatesthe relationship between environmental orientatéord economic
performance for smabwedishfirms. The data draws of55 Swedish small cleantech firms
(2-9 employees) We quantitatively estimatahe effect of environmentabrientation on
accounting prat to see how environmentgldifferentiated firms perform in relation twon
environmentdy differentiatedfirms. To do this, we employ a quaskperimental design in
which wecreate a control group of ne@mvironmentdy differentiatedfirms (N=611)tha are
very similar to their environmentally differentiatgdleantech)peers.The findings showa
negativeeffect of environmental differentiatioon economicperformancebut alsothat high
environmental orientation correlates with higher varianceedoromic performance. The
paper shows that there are opportunities for small environmental oriented firthattounly a
few environmentally oriented firms succeed in captutiregn We contribute to the literature
by usinga noveland more rigorousvay measwg therelationship 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. Ashfort 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)eptvsp but
nevertheless it is important to understand the reldieeen firm&envirormental
orientation and economerformance given the resources that are (or are not) poured
down in environmental solutions.

Research about environmental perforaegaand its relation to econonmperformance

is conflicting. One view is that improved environmental performance increases the
production costs of fins and hence that the econonperformance is harmed
(McGuire, 1982. Another view is that firms can improviheir environmental
performance in the form of efficiency savings or are able to attract a vertical
differentiation and bygo doing increase the econorperformancéLankoski, 2000)

While there are many reported cases where firms have profited froresanhdy
environmental problems (e.g. Porter and Van der Linde, 1995b), it is also clear that
there is no simple linear relationship between firmsO envénotal performance and
economicperformance (Lankoski, 2008). Empirical research basedrgerl samg@s

of firms has shown that the relation between envimmntal performance and
economigperformance involves everything from a positive correlation, no correlation,
negative correlatiorto an inverted Whaped correlationHence, his has led to
repeated dbs for further research about the link between envirental performance
and economigerformance (e.g. Ullman, 1985; Arag&arrea and Sharma, 2003;
McWilliams and Siegel, 2001; Rowley and Berman, 2000; Schaltegger and
Synnestvedt, 2002 and Lankoski, 890

The lack of euvilence and consistency thie link between enviranental performance

and economiperformance can partly be explained by conceptual and methodological
shortcomings (Aupperliset 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 othedhhare is the economic
performance or environmental profits. The objettinvestigation is the potential
(causal) relation betves 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 Oenvironmental profitsO which
is seen as a subsetmbfit and generated from firmsO Oenvironmental performanceO.
The environmental performance in its turn is often related to some sort of pellution
index. As these firms have activities that are not related to environmental performance
there is a difficultif 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 smmary, 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 firmerder to investigate how
these activies affect the overall econommerformance (e.g. Moore, 2001; Levy,
1995; Cordeiro ah Sarkis, 1997; Lankoski, 20Q0ye insteadnvestigatewhether



environmentdy oriented small firms are more profitable thanirtipeers that are not
environmentally oriented.

The purpose of thipaperis to investigatewhether smallSwedishenvironmentdy
oriented firms have higher economic performance (average profit) than their
counterparts (i.esmall firmsthat do not havan environmental focusHence,we

look at small environmentsl oriented firms with similar size and activities to see if
they have a competitive advantage or disadvantages over their competitors that are
not environmentdy orientated. We do this byemploying a quasexperimental
design meaning that wereate a control group of n@mvironmentally oriented firms
that areidentical or highly similar to the corresponding environmental oriefitecs

on a number of important firm characteristics. Thekes it more plausible to draw
inferences about the effect of environmental orientation on the profitability of firms.
To create theontrol group we use the matching estimators developed by Abadie et
al. (2001) and Abadie and Imbens (2006). This estimatoatches each
environmentally oriented firm with similar nemvironmentally oriented firms on a
set of specifiedfirm characteristics in order to estimate the average effect of
environmental orientation on the ability to profit.

The paper starts with a thoretical background to derive hypotheses related to
environmental orientation and firm profits. Thaperthen presents the methods used

to test the hypotheses. This is followed by a presentation of the results derived from
the measurements. Tphaperend with a discussion of the results.

2 Theoretical framework and previous literature

2.1 Previous empirical research

Empirical studieson the relation between environmental orientation and economic
performanceseem so far to have been inconclusive, or @t lea convergentGriffin

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 mdorend
environmental performanc&able 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.

! Environmental orientation ibereviewed as th strategymaking processes in firms to achieve less
envirormental impact for offerings compared to alternative offerings customer can choose from.
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Table 1. Overview offindings in studies comparing financial and social performance (from
Griffin and Mahon 1997)

Decade Positive Inconclusive  Negative
relation evidence relation

1970 5 1

1980 14 3 15

1990 7 - 3

Total 26 4 18

One of the reasons for the large varigtyfindings is the multitude of measurements
and research designs used (Aupperle et18185). Table 2 below provides some
examples the approaches used in previous studies finding a positive relation (e.qg.
King and Lenix, 2001; Preston and OOBannon, 198dre, 2001), no relation (e.g.
Levy, 1995; Aupperle et al., 1985) or a negative relation (e.g. Freedman and Jaggi,
198; Cordeiro and Sarkis, 1997).



Table 2. Examples of approaches in previous quantitative studies of the relation between economic and environmental perforogan

Author(s) Firms Economic performance Environmental performance Data analysis Results

King & Lenix, Publicly traded firms Firm market valuation over Emissions of toxics Regression Positive relation
2001 replacement value of assets

Preston & Large US corporations ~ Return on: assets, equity & Fortune reputation ratings Correlation Positive relation

O’Bannon, 1997

Moore, 2001

Levy, 1995

Aupperle et al.,
1985

Kanna & Damon,

1999

Freedman &
Jaggi (1982)

Cordeiro &
Sarkis, 1997

McGuire et al.,
1988

8 large supermarket
firms in the UK

Transnational
corporations

US firms, unclear size
though implied large

Publicly traded US

corporations

Chemical, oil, steel &
paper firms

Publicly traded US
firms

Large corporations

investments

Proprietary index based on 4
accounting measures

Percentage point change in
return on sales and assets

Return on assets

Return on investment &
market value over book value

Return on assets & equity

Security analyst earnings
forecasts

Return on assets, stock risk-
adjusted return and total return

Proprietary index based on 16
measures of social responsibility

Change in TRI? emissions
Survey response by CEOs
regarding social responsibility
Participation in 33&50 program
by US Environmental Protection

Agency EPA

Pollution disclosures

Toxics release inventory waste
measure normalized by sales

Fortune reputation ratings

analysis (with lag)
Regression &
correlation
Regression

Regression

Regression

Correlation

Regression

Regression

Positive relation

No relation

No relation/ inconclusive

Negative relation for
accounting measure,
positive for stock measure

Negative relation for large
firms, No relation for
small

Negative relation

High ec. perf. leads to high
soc/env. perf.

2 TRI: Toxic Chemical Release Inventory of the Environmental Protection Agency (EPA).



While thesummary shows that quantitative seslon the topic are conflicting, there

are several ase studieshat indicate that there exists at leastmegreen business
opportunities forsomefirms (e.g. Porter and Van der Linde, 1895loffman, 2000;
Dunphy et al., 2002; Esty and Winston, 2006; Cartiermosilla 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 whiplersént of the
respondents believed that their sustainability related actions had added to their firmOs
profitability (Haanaes et al., 2011).

Because prior researdoes not suppothe existence d general positive or negative
relation between economénd 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.e2@04; Lankoski, 2008).

2.2 Theoretical framework

The review ofprevious 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 willnow provide a theoretical framework for the development of our
hypotheses.

It can be seen that fam that is differentiated by its environmental performance
reduces the deterioration of an environmental problem caused by the firmOs value
chain. For exanip, it may reduce the environmental impact caused by the firmOs
operations or by its customers. Many environmental problems can be represented as
social dilemmas.A social dilemma is a situation in which Oindividuals in
interdependent situations face clesidn which the maximization of shddrm self

interest yields outcomes leaving all participants worse off than feasible alternatives.O
(Ostrom, 1998, p. 1). A typical issue in a social dilemma is that the offer that is
created (e.g. by reducing enviromrmed harm) is shared by the public, rather than
captured by the actor that addresses an environmental problem (cf. Hardin, 1968).
Typical examples include owharvesting of coastal fisherieglobal CO, emissions

and water shortages.

When an environmentaproblem can be represented as a social dilemma,
appropriation of the created value can Ilféadlt for the firm solvingthe problem.

Value appropriation refers to the act of capturing the value (profit) generated by a
solution of a problem. Thus, a firmight 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 revenué®m, such ashe general publicThis 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
StuartOs papéfhe seconaolumn incldes an additional level on top of their model.

It is added here tdlustrate the potential appropriation issue when addressing social
dilemma problems. In a situation where the customer is the only praiviemr of

the problem addressed by the sellimgnfi 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
willingnessto-pay, as indicated in the figet 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.

Willingness
-to-pay T ® g
AAAAA JOR——
. Value captured by
........................ >
Price the collective
e — Value captured by
Cost  ——rrrreeeeeeeeeeeeeed > S the customer
“Value captured by
the firm
Value captured by
[I— FOR——— suppliers
Normal problem  Risked outcome
addressed when addressing
social dilemma
problem

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 cleantech?
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

® 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:

* o 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)

* areported 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.’ 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’s’ environmental and economic accounts. All the firms

* 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.

3 Statistics Sweden is an administrative agency with the purpose to supply customers with statistics for decision
making, debate and research.



match OECD’s (1999) and Eurostat’s definition of environmental goods and
services®. 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 AffirsData’ and the industry
classifications according to NACE was retrieved from Retriever Bolagsinfo®.

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).” 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.'® The counterfactual outcome is however not

®"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.

§ https://web.retriever-info.com/services/businessinfo.html.

? This is commonly referred to as ”selection bias” (Heckman 1979, 1990).

' 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 ¥; denotes the profit of an environmentally oriented
firm and Y, denotes the profit of the unobservable counterfactual, we try to estimate
AY=Y,-Y,. 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. '’

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.'” 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).

" 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, whilEnvironmental orientations a
dummy for treatment. The other six variables are commonly used firm
characteristics, used here for matching control casesdgmaronmentally
oriented firm$to the treatment cases (gronmentally oriented firms).

3.4 Estimations for testing hypotheses

Hypothesis 1 is tested by calculating thecaied average treatment effect on the
treated (ATT). This is done by comparing the average outcome (profit) of the grou

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 Ocontribution® of
environmental orientation to a firmOs profit.

For hypothesis 2, LeveneOs test for equality of variances (Levene, 1960;aBbwn
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 waschosen because it is robust against differences in group size and deviations
from normality of the tested distributions (Brovamd Forsythe, 1974). The latter
strength was considered especially important because the average profitability was
not normal dstributed for either group, according to a Shapifitk 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 samplevwbnmentally
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. Mears and standard deviatiofier the dependent and indepenteariablesare

found in Table 3Table 3also showthat firms with environmental orientation tend to
have slightly more employeesd higher turnovethan is for typical for the group of

all firms. A summary of the five digit NACE codes is not preseritece br practical
reasons. However, Table gtovides an overview of industry classifications at the
most aggregated level. One of the most striking features of the descriptive data is that
the group ofenvironmentdy orienedfirms standsut in terms otandard deviation

for the dependent variable, profit, compared to the group of matched control firms as
well as all fims. Together, the tableaso indicate that the control groupsisilar to

the environmental orientation group on the independentblas, especially as
compaedto the prematching sample of all firms.

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

Environmental

All firms 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 103467
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 All Environmental
code Industry firms 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 0.0% 2.6% 2.6%
management and remediation
activities
F Construction 155%  4.5% 4.7%
Wholesale and retail trade; repair ~ 22.1%  20.0% 20.1%
of motor vehicles and
motorcycles
H Transporting and storage 6.3% 0.0% 0.0%
1 Accommodation and food service  5.6% 0.0% 0.0%
activities
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 15.6% 49.0% 48.6%
technical activities
N Administrative and support 3.7% 0.0% 0.0%
service activities
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)". 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. WO 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
Wwo 21.8
W50 15.8
W10 15.7
P, WO 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, /):
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: Removal outliers
The following outliers were removed frattne sample of small firms.
Anticimex acquisition

Reason: Is just a part of a large international group: Anticirdecounting 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 by SwedesAccounting data
would be mistading for the purposes of this study.

CB DiagnosticsHolding AB

Reason: Is a holding firm for a large firm (1378 employe&sgounting data would
be misleading for the purposes of this study.

EckesGranini

Reason: Is a just part of a larger internatiofiah: Die EckesGranini 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 misleadifor the purposes of this study.

Logica Holdings AB

Reasonls just a part of a large international group: Logiecounting data would
be misleading for the purposes of this study.

MunksjS Holding AB

Reason: Isa holding company for a large paper andbpcompanyAccounting data
would be misleading for the purposes of this study.

NorGani Sweden Holding AB

Reasonis just a part of a large international Hagebup: NorGaniAccounting data
would be misleading for the purposes of this study.

OnemedTreasury AB

Reason: Igust a part of darge internationalfirm: 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 Bsome implications

from consideringinstitutional solutions to social dilemmas

Abstract: The paper outlines a framewof value creation and appropriation
strategiesavailable to firms that address environmental probleinsloes so by
utilizing the idea thatvaluable problemsolution pairsorrespond t@pportunities and

by describing why many environmental problems @aduabl€® problemas defined

by the problerrsdving perspective of the firmConsidering 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 oneconomicinstitutions. The appropriation strategiesrelabelledecclean,

ecobranding, ecdobbyism andecotransaction design.

Keywords: environmental innovatigrgreeninnovation;appropiation; value creation
and appropriatiorhusiness ase for sustainabilitysocial dilemma; institutions;

problem formulationproblemsolving perspective



1 Introduction

Current economic activity is unsustainable from an environmental point of view
(Sternet al, 2006; IPCC, 2007Becausdirms are among the most potent problem
solving organizations in contemporary society, for decades researchers have been
studying how firms maybe induced to (i.eprofit by) addressing environmental
problems (e.g. Ashfordt al., 1979; Runge, 1987; Hart, 1995; Horbach, 2008). While
there are againly cases where firms have profited from addressing environmental
problems (e.g. Porter and Van der Linde, E)95 is also clear that there is no simple
linear relationship between firms® environmental performance and financial
performance (Lankoski, 2008). There is still much we do not know about how and
when firmsmay profit from addressing environmental praobse This has led to
repeated calls fofurther theory on how firms may link environmental performance
with financial performance (e.g. Ullman, 1985; Arag=erreaand Sharma, 2003;
McWilliams and Siegel, 2001; Rowley and Berman, 2000; Schaltegged

Synnestvedt, 2002 and Lankoski, 2008).

The starting point of this paper is that one of the main reasiosvhy it is difficult

for firms to build a business cader addressing environmental problems is that
although firms may often be in a position to ceealue by addressing environmental
problems, they often struggle to appropriate a large enough share of that value for
themselves and their shareholde@ne of the main reasons fdhis is that
environmental problems often can be represented as sdeiaintis; i.e. situations
when the rationa{short term interest of the individual is in conflict with thggong

term) interest & the collective (Ostrom, 199Migou, 1932; Hardin, 1968%ocial
dilemmashave been called by many names, including the pudpiod problem
(Olson, 1965), the freader 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 localngironmental problems that can be described aglso
dilemmas, such as overexploited water basins for irrigatiaverexploitedinshore
fisheries (Ostrom, 199(nd global problems such as emissions eftibstances that

could affect earthOs climate or the ozone layer

Previous research in the field aew institutional economics hdsund 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, 20@ahy of these
insights have yet to be applied to theldi of environmental strategy and the business
case for sustainabilityAs this paper will attempt to show, the notion of institutions as
solutions to social dilemmas hgldhuch promiseas a starting point for a theory of

how firms may appropriate valueofn addressing environmental problems

By leveraging andhfluencing the institutional rules of the ganfiens maybeable to
appropriate a larger share of tlvalue created from addressing environmental
problems. As institutions exist and evolve at migtitevels, such as values and
norms, formal regulations and contractual relations (Williamson, 2000), this implies
several different strategies that firms may usetoease the share theppropriate

(i.e. capturepf the value created by addressing emwinental 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-asaeding, produet

service systems adiGO-partnershipsfrom a common theotieal framework.

The paper contributes to the field of environmental strategy in two ways. First, it
introduces theroblemsolving perspective ahefirm (e.g. Pounds, 1969; Nickerson
and Zenger, 2004jo explain the inherent business opportunitieshe dddressation

of environmental problemsSecond,and perhaps more importantlit, applies the
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notion of institutions as solutions to social dilemrtag. Ostrom, 1990; Williamson,
2000)to environmental strategynd thus creates a coherent theorefieahework of

the appropriation strategies available to firms that address environmental problems.

The paper beginBy introducing the probleraolving perspective of the firmnd the
existence of valuable environmental problemighen describes the notiai social
dilemmas. This is followed by a description of institutional solutions to social
dilemmas, which leads into the main part of the pdpéne description offour
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 problenmsolving perspective

In order to survive in a competitive market, a firm must appropriate agono
value. Excepting rerdeekingbehaviour firms tygcally achieve this by 1) creating
value D typically for customers, and 2) capturirgpart of that valu® typically via
revenues, which need to be larger than the firmOs 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 reéat to as the firmOs business model
(BjSrkdahl, 2007; cf. Osterwalder and Pigneur, 2009). The two prerequisites for
designingan economically sustainable business model is thus a stratelgvidhe
firm may 1) create value and 2) appropriate a large gin@hare of that valu®
attract the required resourcéghis 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 \afleveragingvarious institutions



From a problensolving perspective of the firm (Nickerson and Zenger, 2004),
firms create value by solving valuable probleRelated, a opportunityis defined as
a valuable problersolution pair (Hsielet al., 2007). Thus, therst prerequisite for
a profitable business model is the identification of a valuable proBtetation pair.
If there are environmental problems that are likely to have considerable larger
negative effects over time than the cost of their solutions, #erneld be significant

potential for opportunities for firms thaansolve 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 stafeaffairs (Simon, 1978) as experienced by
some subject (Landry, 1995), here referred to as the prebharar. In addition, it
must be significant to the involved stakeholders, solvable by some agent, but not
trivially so by the beneficiary of the problés solution (Agre, 1982). A problem
solution pair is valuable if the cost of the solution is lower than that of the problem

(Hsiehet al, 2007).

Environmental problems are the set of problems in which the preferred state of
affairs involves thepreservation of the suitability of the natural environmgait
Johnsonet al, 1997)for future human needs. Thus, the perspective used here is
anthropocentric in the same sense as for example the Brundtland commissionOs
definition of sustainable develommt (UN, 1987). The preferredate of affairs ishe
necessaryconditions of an environmentally sustainable society, for example
operationalized as the first three system conditions of The Natural Step (e.d.dRobZr

al., 2000; Holmberg, 1995)



For an @vironmental problem to be a valuable problem, there mustsotigions
that are less costlythan thenegativeconsequences of trenvironmental problems
That leaves the question: Are any environmental problems costly, and are their
solutions less costP As of yet,there is nacommonly acceptediay to estimate all the
potential costs of not achieving the preferred state of affairall environmental
problems' However, for specific environmental problems there are indeed some
estimationghat not doing so would be costly. The most well known such estimation
is likely the secalled Stern review (Steret al, 2006). The report focuses primarily
on the failure to meet certain aspects of the first system condition, resulting in global
climatechange. The report estimates that the cost could potentially be as large as 20%
of world GDP. In relation, Sterat al. estimate that a solution to the problem would

likely cost substantially less, estimated a2% of GDP.

Other examples of environmentptoblems that will likely be more costly to
ignore than to solve include loss of biodiversity and man induced changes in the
nitrogen cycle (Rockstrsmat al, 2009). For example, Perrings (1995) describe some
convincing arguments for why loss of biodivgranay severely affect the resilience
of ecosystems 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 affda economics of coastal fisheries.

Some environmental problems tend to be local problems, for example those related
to water shortages. This makes a global estimatiothetostsof the unresolved
problems as compared to the cost of the solutione dfficult, but for local profit
seeking entities thepotential cossavings 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 ef featiocal



agricultural businesses could have increased by as much ger78ént whereas the
solution that wagnacted increasdte cost with only (!) 20@er centas compared to

the previous unsustainable cost.

In summarythere exists several emenmental situations that are cos#pd 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 se¢ of
environmental problems. This means thla¢ first prerequisite foreconomically
sustainabléusiness models for firms that address environmental problems is in place:
i.e. that firms can create value by addressing some environmental profleens.
second prerequisite for an economically sustaenabsiness 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 thesue of social dilemmas artbw

institutionscan serves social mechanisms to overcome them.

3 Social dilemmas

A social dilemma is a situation in which Oindividuals in interdependent situations
face choices in which the maximization of shiemnm seli-interest yields outcomes
leaving all participants worse off than feasible alternatives.O (Ostrom, 1998
Because the problemwner of social dilemma problems in effect is the OcollectiveO,
i.e. the sum of the involved actors, there is no indgddictor that has the incentives
to solve the problem as long as the situation shares thefpatructure of a social
dilemma b even ifthe environmental problers a valuable problen{cf. Dawes,

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



incentives for firms to address environmental problems and the conditions under

which cooperation can occur in social dilemma situations.

An example of an environmental probleimat can be represented as a social
dilemmais the overse and related decline in the economic value of a corpuoh
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 ratonal for individual profitseeking firms, i.e. fishermen, to address the
problem, i.e. reduce their individual catch, unless there is a change in tudf pay
structure of thesituation Other examples of environmental problems that can be
represented a®eial dilemmas include global climate change, ozone layer depletion,
fresh water depletion and overigation, air and ocean pollution (including the
aforementioned impact on the nitrogen cycle via, among other things, the production
of fertilizers). In cial dilemma, even valuable environmental problems that are

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

Social dilemma situations are oftemdelledas iteratedprisoners@ilemma games
(Ostrom, 1990).PrisonersO dilema 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 cooperationsocial dilemma situationg\ prisoners@ilemma

game is a game theoretical situation in whigb players are in a symmetric situation
where each player may choose between the sieat@poperat®and @efect) and

where the payffs of the strategieare such thateach player is tempted to choose
defect no matter what the other player chooses, but if both players choose that

strategy, their respective payfs are lower than if both had chosen cooperate.



Assume that each player in the game is a firm that may choose to address an
environmental problem that can be represeasal social dilemmalt may be a firm
that cancut all of its greenhouse gas emissjoaisa certain cosiThe firm can then
choose tb strategy cooperate (i.e. cut the emissions) or defect (do nothing). The
firmOs competitors face the same choice. If the firm chooses OcooperateQ, it will incur
the costs but the benefits will be shared. The competitors then face the decision of
getting acost advantageis a visthe first firm, or to also cooperate. It can be shown
that, under conditions of competition, players (firms) that choose the defect option
will on averageoutperform those that choose cooperation iprisoners@ilemma

game(Nowak, 2006)

3.1 Cooperationin social dilemmas

When actors seeking to maximize their individual -p&g are put in a situation
that can be represented as a-offeprisonersO dilemma game, suchmasy social
dilemmas (Ostrom, 1990 the predicted outcome isathrational players will not
cooperatgNowak, 2006) Because of the definition of the situation, the only way to
address this is to change the qudfs of choosing a particular strateguch changes
to the payoffs can involvean authority that enters éhgame at a melavel and
punishes or rewards certdiehavioursas 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 situatwmch do not requirghe presence of an

omniscientand omnipotenauthority.

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 allegple often interact more than once); that future pay



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).

S5 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 1%, 2" and 3" 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 1% 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 (EabhdWinston, 2006).

Ecolobbyism can also help firms achieve, if not necessarily lower costs, at least a
cost advantageis a ¥s competitors or substitutes. One such example is the firm
Champion Paper, which benefited highly freougherenvironmental regulation of
the timber industry, because the new regulation hit Champion Paypetis@estern
forests, and thus competitors,spiioportionally hard (Estyand Winston, 2006).
Another set of cost related benefits can sometimes be achieved by simply over
complying with 2° level institutionsB regulationsb by resulting in less time, money
and reputation lost and less uncertaintyatzd in litigation. It can also reduce the risk

or magnitude of liability costs.

5.4 Ecotransaction design

Ecotransaction design is when firms capture economic value from the low
environmental impact created by both sides of the transaction by designihigviei
ecaenvironmental institutionsEcotransaction desigm@llows firms to appropriate
environmental value because it Idtems resolve sociatdilemmas by creating a
mechanism for credible commitment through the designthifd level ece
environmenthinstitutions.Economic value is created through dm@msaction design
becausecertain contractual relationgavours solutions that arecclean as viewed

from across organizational boundaries

A prerequisite for ectransaction design appropriation sd@iesis an opportunity
to increase the total value created in two firms in a way that reduces environmental
impact. Thistypically occurs as the firm switches between selling a product to selling

a service, solution or functiofMont, 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
ecalean (above) can become a possibility, but in the case dfatsaction design it
happens awviewed from the perspective of the valueaichrather than from the
perspective of an individual firmWhen such integrationcreates economic value,
either or bothfirms have the opportunity to capture part of thecreasedvalue as

specified bythe contractual relation between the buyer andrselle

In the environmental strategy literaturdyjst 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 indastimnilar
phenomeonis referred to as chemical management services (Stoughtb¥iotta,
2003). Research on prodwsgrvice systems indicates that firms that move
downstream in the value chain by taking over parts of their customersO activities can
appropriate a significd part of the created value, for example through increased
margins (Mont, 2004; Roy, 2002009 Bateset al, 2003). In the case of eco
transaction design for cestduction, the literature on Ogreen supply chain
managementO (Sarkis, 2003) describeslaimpportunities. The logic is similar,
though the perspective often more tilted towards that of the buyer than the literature

on productservice systems.

An example ofa revenue oriented edoansaction desigistrategyincludes so-
called functional das. For exampleGSteborg Energi AB, a utility firmprofitably
sells a guaranteed temperature rather than heat hiiltheatt-hour to many of its
customergcf. Roy, 2000). Another example is the monitoring (of water and polymer
consumption, among oth#nings) and related maintenance contracts of AlfaLavalOs

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 compensatedtee wa
hauler for recycled materials. Before the contract change, the waste haulerOs
incentives was to collect as much waste as possible, whereathaftérangehe two
parties could share in the savings from reduced waste volumes (Hitchodck
Willard, 2009. In another example, described by Stoughg&om 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 gpaint.

6 Discussion

The paper began by arguing th&dr a business case for addressing an
environmental problem to exist, there are two necessary prerequisites: that firms
devise a busiss model for the creation and appropriation of value by addressing the
problem.In the second sectionabed on a problem solving perspectivelaf firm
(NickersonandZenger, 2004Hsiehet al, 2007), it was argued thttere exist plenty
of valuable environmental problemghat fulfil the first prerequisiteln the third
section, he paper then argued thtdie second prerequisitéhe issue ofvalue

appropriationis difficult for firms because mangnvironmental problemsorrespond
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to social dilemmasThe fourth section describémw various types of institutions can
serve as metsolutions to social dilemmakn the fifth and previous sectiorne paper
used a typology of institutions (Williamson, 2000) to derive four generic
appropriation strategies available to firmBhese werelabelled ecolean, ece
branding, ecdobbyism and ecotransaction design These four appropriation

strategiexonstitute therhmework presented in this paper.

The paper has contributed to the literature on environmsingaegyin compiling
and putting names to sevetgpes of appropriation strategi#isat are available to
firms with the capability to address environmental problefbke presented
framework has managerial implications in the sense that managends with the
support of such a framework OsegPropriation strategies when considering th
business case for addressing a particular environmental prdbl@ontrast to many
other lists ofclever environmental innovationghich have tended to be more or less
arbitrarily ordered lists of business benefits reported from various firms, the
appopriation strategiepresented in this paparederived from more general social
science theories, such as new institutional economics, a prsblemg perspective
of the firm and the study of social dilemmas. Hopefully, that will increase its
parsimoly with more generally applicable models foin behaviourand strategic
managementas well as increase the likelihood that #ppropriation strategiesre

inclusive of the whole phenomenonfof appropriation of environmental value

The papeds contoution is also relevant to the more general discussionthuf
business opportunities inherent in social dilemma situations, as described under for
example the framework of ordonorsige.g. Pies et al, 2009; 2010). This papas
adcedthe perspectives ofalue appropriation and the problesaling perspective of

the firm to that discussianHowever, 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 Ometata gameQi that literaturethe focushas beern

the rule-setting process (the Ometa game(ddition, this paper has not made a
distinction between muksided and onsided social dilemmas (Kreps, 1990) as used

in the literature on ordonomics. A potentially promising avenue for further research,
perhaps based on a number etlepth case gtlies, 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 oftemasactional design would tend to
more oftenbe oriented towards overcamg onesided social dilemmas, i.e. situations

in which only one player has a temptation to defewn for examplstrategies in the

category labelled eelmbbyism.

Although the paper utilizes many real world exampleapgropriation strategies
nonetlelessit is a conceptual paper. Thus, thgpropriation strategidack empirical
validation. This leads to questions like: Do tfaur appropriation strategiem
practice overlap to such a degree as to make the distinction unusable? And are there
other ypes of importanappropriation strategies practice used by firms, but which
are not covered by thappropriation strategiedescribed above®uch questions
probably cannot be answered withoturther empirical studiesOne possible way
forward would @ to construct a questionnaite be tested on firms preferably
differentiated by their low environmental impact, in which eagpropriation strategy
corresponds to a construdto address the first question above, the results pertaining
to the construst could then byanalysedfor mutual dependence arthogonallity

such as by, for example, a factor analysis.

The appropriation strategigsresented in this paper are together referred to as a

framework. Although one may argue thihe presentedrameworkhasa suggested
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rangeof applicationand a number of key elements useful to describe the discussed
phenomenait doesnot constitute a model @theory, ast lacks propositions about

the relations between the elements. It could well be that some ofajes®priation
strategiesonly are useful when used in combination with otls&nategies For
example, itmay be sothat ecelobbyism is most effective when useddombination

with ecebranding.Such questions suggests that further empirical stusiieh as the
proposed surveyould be useful in order to develop the framework into a possible,
future, tentativetheory of appropriation of environmental valutn 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 whicliteratureis usefulto analysewhich cases. Hopefyl] the
frameworkpresented in this papean be ofsimilar usefulness, if only on a smaller

scale.
References

3M.com (2010) 3P - Pollution Prevention Pays retrieved on 20102-01 from

http://solutions.3m.com/wps/portal/3M/en_US/3@Bdistainability/Global/Evironment/3P/.
Agre, G. (1982) 'The concept of proble®ucational Studiesv/ol. 13, No. 2, pp.12142.

Alchian, A. A. and Demsetz, H. (1972) 'Production, information costs, and economic

organization'The American economic revieWol. 62, No. 5, pp.77795.

AragonCorrea, J. and Sharma, S. (2003) 'A contingent restna®ed view of proactive
corporate environmental strateg¥he Academy of Management Revi&wel. 28, No. 1,

pp.7188.

Ashford, N. A., Heaton Jr, G. R. and Priest, W. C. (1979) 'Envirohnktealth, and Safety

Regulation, and Technological Innovatiorfechnological Innovation for a Dynamic

26



Economy. Cambridgé/ol. No. pp.161221.

Axelrod, R. and Hamilton, W. D. (1981) 'The evolution of cooperat®cience Vol. 211,

No. 4489, pp.1390.

Axelrod, R. M. (1984/2006Yhe evolution of cooperatipNew York, New York: Basic

Books.

Barrett, S. (1991) 'Environmental regulation for competitive advantBgsiness Strategy

Review Vol. 2, No. 1, pp.415.

Bates, K., Bates, H. and Johnston, R. (20DiBking service to profit: the business case for
service excellencelnternational Journal of Service Industry Managemerl. 14, No. 2,

pp.173183.

BjSrkdahl, J. (2007) Managing Value Creation and AppropriafblCT Integration for
Business RenewalTechnology Management and Economi€halmers University of

Technology, Gothenburg, PhD thesis.
Bruno, K. and Greer, J. (1992he greenpeace book of greenwasheenpeace International.

CNW (2006) Dustto-Dust Automotive Energy Reportetrieved on201012-01 from

http://www.cnwmr.com/ns$older/automotiveenergy/.

Crouse, P. R. (1998) 'Environmental lobbying: A case of the New York state soft drink

association'Corporate Environmental Strategyol. 5, No. 4, pp.6%8.

Dawes, R. M. (1980) 'Socialldmmas'Annual review of psychologyol. 31, No. 1, pp.169

193.

Desrochers, P. (2010) 'The environmental responsibility of business is to increase its profits
(by creating value within the bounds of private property righitsfustrial and Corporate

Change Vol. 19, No. 1, pp.161.

27



Esty, D. and Winston, A. (20083}reen to gold: how smart companies use environmental
strategy to innovate, create value, and build competitive advantégigoken, New Jersey:

John Wiley & Sons Inc.

Florida, R. (1996) 'Lean angreen: the move to environmentally conscious manufacturing’,

California Management Reviewol. 39, No. 1,

Gallastegui, G. (2002) 'The use of eco labels: a review of the literakugdpean

EnvironmentVol. 12, No. 6, pp.31331.

Gleick, P. (2007) Hummer versus Prius Dust to Dust Report Misleads the Media and Public

with Bad Science, Oakland, CRacific Institute
Grant, J. (2007The Green Marketing Manifest@/est Sussex: John Wiley & sons, Itd.

Griskevicius, V., Tybur, J. M. @hVan den Bergh, B. (2010) 'Going green to be seen: Status,
reputation, and conspicuous conservatidoyrnal of personality and social psycholool.

98, No. 3, pp.392.

Hardin, G. (1968) 'The tragedy of the commons. The population problem has nadkchni
solution; it requires a fundamental extension in moral®¢ience Vol. 162, No. 859,

pp.1243.

Hart, S. L. (1995) 'A naturaksourcebased view of the firmThe Academy of Management

Review Vol. 20, No. 4, pp.984014.

Hartmann, P., Ibf—ez, V. Aand Sainz, F. J. F. (2005) 'Green branding effects on attitude:
functional versus emotional positioning strategi®&yketing Intelligence & PlanningVol.

23, No. 1, pp.29.

Hitchcock, D. and Willard, M. (2009)he business guide to sustainability: pieal

strategies and tools for organizatigrisondon: Earthscan.

28



Holliday, C., Schmidheiny, S. and Watts, P. (20@2}lking the talk: The business case for

sustainable developmer8heffield, UK: Greenleaf Publishing Limited.

Holmberg, J. (1995) Sociecobgical principles and indicators for sustainabiliBhysical

Resource TheoryChalmers University of Technology, Gothenburg, PhD thesis.

Horbach, J. (2008) 'Determinants of environmental innovatiaw evidence from German

panel data sourcefesearch Blicy, Vol. 37, No. 1, pp.16373.

Hsieh, C., Nickerson, J. and Zenger, T. (2007) '‘Opportunity discovery, problem solving and a
theory of the entrepreneurial firndournal of Management Studjégol. 44, No. 7, pp.1255

1277.

IPCC (2007) Climate Change Z00impacts, adaptation and vulnerability: contribution of
Working Group Il to the fourth assessment report of the Intergovernmental Panel on Climate

ChangeCambridge Univ Pr

Johnson, D., Ambrose, S., Bassett, T., Bowen, M., Crummey, D., Isaacsonndgn)db.,
Lamb, P., Saul, M. and Wint&telson, A. (1997) 'Meanings of environmental terdaurnal

of environmental qualityvol. 26, No. 3, pp.58589.

Kreps, D. M. (1996) 'Corporate culture and economic theoryFirms, organizations and
contracts: areader in industrial organizationed. Buckley, P. J. and Michie, J., pp-B1B,

New York: Oxford University Press.

Kreps, D. M., Milgrom, P. and RobertsRobert, J. (1982) 'Rational cooperation in the finitely

repeated prisoners' dilemmagurnal of Econmic TheoryVol. 27, No. 2, pp.24252.

Landry, M. (1995) 'A Note on the Concept of Proble@®fganization Studies/ol. 16, No. 2,

pp.315.

Lankoski, L. (2000) Determinants of Environmental Profit. An Analysis of the-Eewel

29



Relationship Between Enwnmental Performance and Economic Performahtstitute of
Strategy and International BusinesBlelsinki University of Technology, Helsinki, PhD

thesis.

Lankoski, L. (2008) 'Corporate responsibility activities and economic performance: a theory
of why andhow they are connectedusiness Strategy and the Environméfdl. 17, No. 8,

pp.536547.
Lovell, J. (2007) Lefthandturn elimination, New York City: New York Times Magazine.

McWilliams, A. and Siegel, D. (2001) 'Corporate social responsibility: Arthebthe firm

perspective’Academy of Management Revi&mwl. 26, No. 1, pp.11-127.

Mingardo, G. (2008) 'Cities and innovative urban transport policiBsiovation:

Management, Policy & Practi¢&/ol. 10, No. 23, pp.269281.

Mont, O. (2004) Produedevice systems: panacea or mytfhe International Institute for

Industrial Environmental Economics (IIIERB)und University, Lund, PhD thesis.

Nickerson, J., Silverman, B. and Zenger, T. (2007) 'The problem of creating and capturing

value',Strategic Orgaization Vol. 5, No. 3, pp.211.

Nickerson, J. and Zenger, T. (2004) 'A knowletigsed theory of the firm: the problem

solving perspectiveQrganization Sciengé/ol. 15, No. 6, pp.61-b32.

Nimon, W. and Beghin, J. (1999) 'Are elabels valuable? Evidee from the apparel

industry',American Journal of Agricultural Economicgol. 81, No. 4, pp.80811.

North, D. (1990)Institutions, Institutional Change and Economic Performar@@ambridge:

Cambridge University Press.
North, D. (1991) 'InstitutionsJournal of Economic Perspectivegol. 5, No. 1, pp.9712.
Nowak, M. A. (2006) 'Five rules for the evolution of cooperati&cience Vol. 314, No.

30



5805, pp.1560.

NyTeknik (2011)Job advertisement for ABB; Job advertisement for Bombarditrieved

onMarch 11 from http://www.nyteknik.se/jobb/article3150661.ece.

NyTeknik and ...stling, L. (2011)..stling: UtslSppen borde kosta meetrieved on

September 15 from http://www.nyteknik.se/asikter/debatt/article3170741.ece.

Oates, A. (1996) 'Industrial Relat®m@and the Environment in the UK', @Greening People:
Human Resources and Environmental Managemedt Wehrmeyer, W., pp. 14140,

Sheffield: Greenleaf Publishing.

Olson, M. (1994)The logic of collective action: Public goods and the theory of groups

United States of America: Harvard University Press.

Osterwalder, A. and Pigneur, Y. (200Bysiness model generatiohausanne: Osterwalder

& Pigneur.

Ostrom, E. (1990%0verning the commons: The evolution of institutions for collective action

Cambridge Uniersity Press.

Ostrom, E. (1998) 'A behavioral approach to the rational choice theory of collective action:
Presidential address, American Political Science Association, 188¥yrican Political

Science Reviewol. 92, No. 1, pp.R2.

Ostrom, E. (2000) ‘@lective action and the evolution of social nornhe Journal of

Economic Perspective¥ol. 14, No. 3, pp.13153.

Ottman, J. (1998)Green marketing: opportunity for innovationLincolnwood, lllinois:

Contemporary Books.

Ozaki, R. (2011) 'Adopting sustainable innovation: what makes consumers sign up to greer

electricity?',Business Strategy and the Environméfadl. 20, No. 1, pp.A.7.

31



Perrings, C. (1995) 'Ecological resilience in the sustainability of economic develgpment

Economie AppliquegVol. 48, No. 2, pp.12142.

Pies, I., Beckmann, M. and Hielscher, S. (2010) 'Value Creation, Management Competencies
and Global Corporate Citizenship: An Ordonomic Approach to Business Ethics in the Age of

Globalization' Journal ofBusiness Ethi¢s/ol. No. pp.114.

Pies, I., Hielscher, S. and Beckmann, M. (2009) ‘Moral commitments and the societal role of
business: an ordonomic approach to corporate citizenBhiginess Ethics Quarterlyol. 3,

No. 3, pp.37%401.
Pigou, A. (192067) The Economics of Welfgreondon: MacMillan.

Porter, M. and van der Linde, C. (1995) 'Green and Competitive: Ending the Stalemate’,

Harvard Business Reviewol. 73, No. 5, pp.120.34.

Porter, M. E. and Van der Linde, C. (1995) 'Toward a new concepfithe environment
competitiveness relationshiprhe Journal of Economic Perspectiv&®l. 9, No. 4, pp.97

118.

Pounds, W. F. (1969) 'The Process of Problem Findimdyistrial Management RevieWwol.

11, No. 1, pp.19.

RobZrt, K. H., Holmberg, J. anebn WeizScker, E. (2000) Factor X for Subtle Pelicy

Making B Objectives, Potentials and Obstacles,

Rockstrsm, J., Steffen, W., Noone, K., Persson, Chapin, F. S., Lambin, E. F., Lenton, T. M.,
Scheffer, M., Folke, C. and Schellnhuber, H. J. (2009) 'A gaéeating space for humanity',

Nature Vol. 461, No. 7263, pp.47275.

Roe, B., Teisl, M., Levy, A. and Russell, M. (2001) 'US consumers' willingness to pay for

green electricity* 1'Energy Policy Vol. 29, No. 11, pp.91925.

32



Rowley, T. and Berman, S.@Q0) 'A brand new brand of corporate social performance’,

Business & Societywol. 39, No. 4, pp.397.
Roy, R. (2000) 'Sustainable prodwservice systemdsutures Vol. 32, No. 34, pp.289299.

Roy, R. and Cheruvu, K. S. (2009) 'A competitive frameworkiridustrial producskervice
systems'International Journal of Internet Manufacturing and Servjcésl. 2, No. 1, pp.4

29.

Rugman, A. M. and Verbeke, A. (2000) 'Six cases of corporate strategic responses tc

environmental regulatiorEuropean Managemedoburnal Vol. 18, No. 4, pp.37885.

Runge, C. F. (1987) 'Induced agricultural innovation and environmental quality: the case of

groundwater regulatiori,and EconomigsVol. 63, No. 3, pp.24258.

Salop, S. and Scheffman, D. (1983) 'Raising rivals' ¢oBt€ American economic review

Vol. 73, No. 2, pp.26271.

Salzmann, O., lonesesomers, A. and Steger, U. (2005) 'The Business Case for Corporate
Sustainabilityb Literature Review and Research Optioisiropean Management Journal

Vol. 23, No. 1pp.2%36.

Sarkis, J. (2003) 'A strategic decision framework for green supply chain management’,

Journal of Cleaner Productigi/ol. 11, No. 4, pp.39409.

Schaltegger, S. and Synnestvedt, T. (2002) 'The link between green and economic succes
environmenth management as the crucial trigger between environmental and economic

performance'Journal of Environmental ManagemeNfl. 65, No. 4, pp.33346.

Sharma, S. and Vredenburg, H. (1998) 'Proactive corporate environmental strategy and th
development of ampetitively valuable organizational capabilitieStrategic Management

Journal Vol. 19, No. 8, pp.72953.

33



Simon, H. (1978) 'Informatieprocessing theory of human problem solvinggndbook of

learning and cognitive procességol. 5, No. pp.274295.

Steger, U. (2004)The business of sustainability: Building industry cases for corporate

sustainability New York, New York: Palgrave Macmillan.

Stern, N., Peters, S., Bakhshi, V., Bowen, A., Cameron, C., Catovsky, S., Crane, D.,
Cruickshank, S., Dietz, S.,digonson, N., Garbett, ., Hamid, L., Hoffman, G., Ingram,

D., Jones, B., Patmore, N., Radcliffe, H., Sathiyarajah, R., Stock, M., Taylor, C., Vernon, T.,
Wanijie, H. and Zenghelis, D. (2006) Stern Review: The economics of climate change,

London:HM Thresury.

Stoughton, M. and Votta, T. (2003) 'Implementing sertiased chemical procurement:

lessons and resultdournal of Cleaner ProductigiVol. 11, No. 8, pp.83849.

Tversky, A. (2004 Preference, belief, and similarity: selected writingd. ShafirE. United

States: The MIT Press.

Ullmann, A. (1985) 'Data in search of a theory: a critical examination of the relationships
among social performance, social disclosure, and economic performance of US firms/,

Academy of Management Revj&wl. 10, No. 3pp.540557.

UnitedNations (1987)Our Common Future: Report of the World Commission on

Environment and Developme®@xford, UK: Oxford University Press.

Vitousek, P. M., Aber, J. D., Howarth, R. W., Likens, G. E., Matson, P. A., Schindler, D. W.,
Schlesinge W. H. and Tilman, D. G. (1997) 'Human alteration of the global nitrogen cycle:

sources and consequenceEsoplogical applicationsVol. 7, No. 3, pp.73750.

Walker Information (1999) The 1999 National Business Ethics Study, Indianapolis, Indiana:

Walking information inc.

34



Williams, J. T., Collins, B. and Lichbach, M. I. (199Fhe Origins of Credible Commitment
to the Markef) presentedat the 1995 annual meeting of the American Political Science

Association Chicago, lllinois.

Williamson, O. (2000) e new institutional economics: taking stock, looking ahead',

Journal of economic literature/ol. 38, No. 3, pp.59%13.

35



Figures and tables

Figure 1:

Eco-lean

Exchange prices

create cooperation
No solution No business case
to social

dilemma

Eco-branding

1. Norms
resolve
dilemma

Social dilemma

Institutional
solution to
social dilemma

2. Regulation
resolves
dilemma

3. Contract Eco-lobbyism

resolves
dilemma

Eco-transaction design

Figure 1. An illustration of the relation between the appropriation strategies and

the existencef social dilemmas
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Appropriation
strategy

Ecolean Ecobranding

Ecolobbyism Ecotransaction design

Definition

Eis when firms capture economic value by reducing their environmental impactE

E independently of eco E by leveraging first
environmental institutiona level eceenvironmental
influences. institutions.

E by influencing seconc E created by both sides of th

level eceenvironmental transaction by designing thir
institutions. level eceenvironmental
institutions.

Example of revenut To decrease total cost « To increase markethare To add features to th To increase margins throug

growth

Real world example

ownership for the customer because of a green bran

Toyota Aygo fuel efficiency Toyota Prius branding

offer through regulation  productservice systems

Free city parking for Oec( G&teborg  Energi ABO:
carsO in Sweden guaranteed temperature offe

Example of

cost reduction

Real world example

To improve
efficiency

proces: To help recruit and retai
personnel

UPS ndeft-turns ABB job advertisements

To increase competitor To purchase chemical servii
costs more than own management

ant GM car door
purchase contracts

Champion  paper
timber regulation

painting

Some relevan

references

Florida, 1996 Roeet al, 2001
Porter and Van der Lind¢e Hartmannret al, 2005

1998,b Ottman, 1998
Desrochers, 2010

Rugman and Verbeke Mont, 2004

2000 Stoughton and Votta, 2003
Schalop and Scheffmai

1983 Bateset al, 2003

Barrett, 1991

Table 2. Summary of the five categories of green business opportunities.
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Endnotes

"OlIn order for society to be sustainable, natureOs functions and diversity are not systematically
subject to: I. increasing concentrations of substances extracted from the Earth's crust; Il. increasing
concentrations of substances produced by societyphilsical impoverishment by owharvesting or

other forms of ecosystem manipulationO (Rodigl., 2000)

" The difficulties involved inestimating the costs correctly belong morehe field ofethics than
to strategic management, aatk thus consideed outside the scope of this paper. Examples of such
issues include choosing a correct discofuriction (e.g. hyperbolic or exponential discounting?)
determining the correct denomination to evaluate the cogesgnwhich Ocurrency@ay determining
whom the relevantproblemownersare (e.g. what arethe rights of future generatioP)s 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 areianfffichigh 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
shae of the value created when finding and addressing such cases.

" The term OlobbyismO 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 itotitesxt
considered passive. No moral valuation is intended with the term lobbyism. From societyOs point of
view, economic value is created through-&mnbyism by the facilitation of regulation that internalizes
negative externalities. More specificallyy the case of eetmbbyism related to a firmOs 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 oénvironmental innovation

Summary Starting with problera as the unit of analysis, this paper anatyyb®w 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 environmergahhologywhere the sustainability vision is of
major importance for the developmeritenvironmental innovation§Ve illustrate this mpirically by
analyzing a multinational mechanical engineering corporation that developed and launched what they
describeas aOgreen product line® help customergo reduce theirCO, emissions This paper
contributes to thenanagementiterature byproviding an empirical study dfow firms formulate and

solve environmental problems and htive reformulation into an envinonental problenbased on the
firmOs sustainability visiotan change the initial value proposition into a more genpraposition
thereby increasing the profit potentihbugh the generation of new applications and increased.usage
Key words: Environmeal innovation, green, problem formulation, problem solving, ealteation

value capture



Introduction

In the past decades research has shown that the economy is unsustainable from an
environmental point of view (Sterrt 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 (RobZrt et al., 2000). The magnitude of the problem
means that it is unlikely to be resety 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 unprepargdterms 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 driversfor companies to become greemand develogenvironmental ogreen offeings
comprisea range of factors. First, as population and economic gravetiease the pressure
on, e.g, waste, waterand consumption of fossil fuels and raw materials, the economics of
scarce resourceme callingfor new effective solutions with respect ttee environment and
energy. Thus, green initiatives oftane directly related to the opportunity to decrease costs
and increase efficiencylorida 1996; Lehnj 200Q. Second, employee morale and a socially
responsible imagéor the firm areimportantdrivers of corporate sustainability initiatives
(Keebleet al, 2005; Davies, 1960)and many firmsare incorporaing energy and carbon
dioxide saving into their corporate social responsibility policies. Third, regulation is an
important factor in corporate initiativeer becominggreener (Porteeand van der Linde,
1995). This includes regulation aimed at internalizing negative externalitieésbigubsidies

2



for certain technologiesnd deregulation of certain markets. For exampleggentyears the

energy market has undergone extensive deregulation, which has called for investment in this
industry. In addition, political pressure for suisédble development implies the possibildly

stricter regulationin the future Fourth, there isarguably increased demand frorhoth
consumers (World Values Survéyssociation 2008) and firms Keeble et al, 2005) for
environmentally friendly productsesrices and production processes. Fifth, and partly as a
result of the above drivers, many firms see major opportunities for differentiBotel and

Van der Linde, 1995; Mont, 20pP4and other types of competitive advantage from

involvement inenvironmatally friendly innovations€.g.SharmaandVredenburg, 1998).

There areseveraldefinitions of whatrebroadly termed environmental innovations. Currently
there ismajor policy interest in developing rigorous classification and indicaftmrshese
terms, e.g., at EU and OECD levels (Foxon and Andersen, 20@@d concepts often
described as @nvironmental technologi€sor @lean technologiegcleantech In the
Environmental Technology Action Plan of the EU Commission, environmental technologies
are déined asQll technologies whose use is less environmentally harmful than relevant
alternatives. They include technologies to manage pollution (e.qg. air pollution control, waste
management), less polluting and less reseimemsive products and servidgsg. fuel cells)

and ways to manage resources more efficiently (e.g. water supply, -saergy
technologiesP(EU Com, IP/04/117. Similarly, the related concept of clean technologies is
defined bythe CleantechGroup as products, serviceand 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.



However, a the environmental ggnda hasevolved so ha& our understandingof
environmental innovation (Foxon and Andersen, 2009). The more preventive and integrated
policy approach to environmental issues has changed the focus freoh thedpipe solutions

to more frorhend products tit address market needBhus environmental innovation
embrace all technologies, products, solutions, processes, searidesew management and
business methodbatare more environmentallyiendly than their relevant alternativesnd

at the same tim add economic value through lower costs or improved profitabihty.
summary environmental innovations reduce net environmental impacts while creating

economicvalue.

Thereis growing interest in environmental consideratidran firms (Keeble etal., 2005
Haanaes et al201). To date researcthasfocusedargely 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 tifeowOof creating envisnmental 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; Carrititermosilla ¢ 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 gedling by topmanagement is
important (e.g. Hart, 1997; Lsson, 2000; Figge, 20Q2)ut we know comparatively little of

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

established firms.

From a problensolving perspective, for the firm, both visions and goals can be unale o
instances of probleformulations (cf. Simon, 1968; Nickerson and Zenger, 2004). In a

problemsolving perspective, an opportunity for the firm corresponds to a valuable problem
4



solution pair (Hsieh et al., 2007). It has been argued that a cru&iah tasovation 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 visioms 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 ordparseknowledgeabout the processvolved in the
formulation and resolution by firms ofgblems related to environmental innovations, and no
published work specifically analyzes the phenomenon of development of environmental
innovations from a problersolving perspectiveThe purpose of this paper is to analyze the
role of environmental sustaability visions and problem formulations for the development of

environmental innovations in established firms.

This papetexploresthe processf formulating and solving environmengaloblems and how

it affects valuecreation and rent generation throutpe commercializing of new technologies

We show thata problem solvingprocess, 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 pesse®the formulation of environmental visions and

the development of customized solutiddsand that a reformulation into an environmental
problem can make the initial value proposition into a more generic proposition, thereby
increasing the profit potgial 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 problesplving processesEmpirically we studyBearing C§ a
Swedish multinational corporation MNC), which introduced energy efficient solutions

engineered to reduce frictional movensdnt up to 40percenton previous bearings solutians

' The name of the corporation has been disguised for reasons of confidentiality.
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The paper is organized as followEhe next sectiompresents prior work ro environmental
innovation and its link to problem formulation and problem solvitys is followed by the
research design of the study and an explorative case studyextanical engineering MNC
that reformulated itg€ustomer problems into an environme problem formulation giving
rise to new environmental innovat®nThe 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 palidyother
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 environmemtalvations (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 teshares 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 areathdt)greenopportunities for profit exist,
2) what strategies are suitabkexploit them and 3how firms can achieve environmental

innovation in practice.



The research in the first area, the general existence of opportunities related to reduced
environmental impacb so-called green business opportunities, typically boils daavra

fairly simple model: On the one hand there is the environmental performance of anftrm,

on the other hand there is the economic performance. The object of investigation is the
possible causal relation between the two. Strict neoclassical apmd&eiteto 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,a&2005), building on arguents that tend to be variations

of the notion Opollution is wasteO (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 sotfahave 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., 298) 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 thstudiesh
needto be focused on a particular industry in order to be conclusive (Steger et al., 2004). In
the end, thanks to the numerous speéifiather than generélcasestudies on the topic, what
seems certain is that there exists at lsashegreenbusiness opportunities f@omefirms

(e.g. Porter and Van der Linde, 1995; Hoffman, 2000; Dumplay., 2002 Esty and Winston,

2006; CarrilleHermosillaet al., 2009). This view is also supported by the responses in a
recent executive survey on sustainability by MIT Sloan Management Reideanges et al

20117, in which 54 percent of the respondents believed that their sustainability related actions

hadadded to their firmOs profitability (Haanaes et al., 2011).



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 thatre conducive to exploit environmental innovations. For example, the
literature on produeservice systems (e.g. Mont, 2002; Mont 2004; Baines,&2@)7; Roy et

al., 2009; Tukker, 208) studies how firms can overcome incentive misalignment between
actos in the case of environmental innovatioRsoductservice 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 prodectice combination. Pdoctservice
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.). Zlf#lar 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) andcsgang (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 enviromta¢ impact of an offe rather than any
customer cost savings or quality improvemedtisatincreases the demand for the offer. That

this occurs is clear from, for example, the electricity business, where Ogreen electricity®
sometimes can command a prem 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). druh 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
8



envirmmental values usually only are useful as a proverbial ®tit@hO, i.e. as a
complement to communicating more traditional customer values such as quality and price
(Ottman, 1998; Esty and Winston, 2006). Another exangflenotable research about
stratgyies 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 the ipolicy
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 innovatidirsps 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 potehtiabpening up market opportunities, such
behavior can also be useful to increase the costs efymemm competitors (cf. Salop and

Scheffman, 1983).

In the third and final literature area, which focuses on the practical and organizational OhowO
of achievirg environmental innovations, there are also several streams. A fairly common
argument in this literature is that Owhat gets measured gets improvedO (e.g. Preston, 2001).
This often leads to the suggestion of implementing environmental management systems, a

the use of total quality management and lean production philosophies to achieve
environmental innovation (e.g. Florida, 1996; Melnyk et al,2@mons and Mason, 2003

Some have focused on the factors affecting the diffusion of environmental immsydioth

finding that the innovatorsO relations to and use of contacts in the social systems receiving the
environmental innovation plays an important role for the rate of adoftatila, 2007,

Dieperink et al.2004). Another stream of research in @iea worth mentioning is the study



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 greepportunities.

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;t&ps 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 setcalled big hairy adacious goals to implement such an integration

of sustainability into corporate strategy (e.g. Hutchinson, 1996; Werbach, 2009). The
importance of integrating sustainability into the firmOs strategy is empirically supported by
Larsson (2000), who describéde 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
environmentalinnovatiors 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
detal 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 visidniseadevelopment
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 probleisolvers.
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The ProblenSolving Rerspective

The problemsolving perspective of the firm argues thacdvering an opportunitynvolves

two distinct activities (Nickerson and Zenger, 2004; Hsieh, et al., 2007): identifying and
selecting theproblems tobe solved and identifying valuable slutions through organized
search or sheer luckn other wordspairing of valuable problemsolutions constitutesan
opportunity within the problersolving perspective (Hsieh et al., 2007). Hence, the problem
formulation andsolution terminology can betilized in order to explain the discovery of

situations that may generate value.

Many would arguethat themanagerOs job is to solve proble@s.principal concern for
managers is that problems need to be identified, defined, evaluated, and prioritezatsiof
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 asgivi@nissues for
managers because the situatiftermdemands that these processesparéormed withoutiny
well-defined theoryor prior experiencePerhaps 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, 198Hpwever, although the task of problem
formulation is critical to managersO decisimking responsibilities, the reality is that
managers rarely fully understand the sources of their problems (Pounds, 1969). Another
aspect often emphasized in literaturéhis importance of decomposing the problem into more

manageable suproblems (Simon, 1962).

Problems can be explained broadly the difference between someperceivedexisting
situation and somperceiveddesired situatioffPounds, 1969). For managerssthan include
everything from financial, human resources, marketing, strategic to innovaladed

problems. For example, when a firm develops new products or services it needs to formulate

11



and solve a multitude of innovatioelated problems (Cyert andarch, 1963; March and
Simon, (1958) 1993). Innovatienelated 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)he primary bcus of this paper is
environmental (green) problems with a secondary focus on innoveleted problemsit
exploreshow firms formulateand solve environmental problems and hoesthactions are
translated into new environmental offerin@®. bringing an environmental technologto

market).

To define the concept of a@nvironmental proble@ 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 afaand an imagined future preferred state of affairs. An
@nvironmental problefis 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 'tsy$tem
conditiors outlined by the natural step foundation and related research (e.g. RobZrt et al.,
2002; Holmberg, 1995) to define the system conditions of a sustainable society. However, it
iSs not our intent to take a particular stance in the debate over what is tegesde
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 casgroducts energgaving properties to be beneficlabm an environmental

perspective.

" 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 RobZrt et al. (2000) i.e. Oln orfter society to be sustainable, natureOs functions and diversity are not
systematically subject to: I. increasing concentrations of substances extracted from the Earth's crust; Il. increasing
concentrations of substances produced by society; Ill. physigabvierishment by ovenarvesting or other forms of
ecosystem manipulationO
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The problem solving process an important topi¢or severaldisciplines, including strategic
planning (e.g. Mitroff and Mason, 1980), strategic decision making (e.g. Nutt, 1984), the
behavioral theory of the firm (e.@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 (Getzel9,79; Baer et al.,, 2008). Most have focused on identifying
methods for solving already welkfined 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 informatiprnocessing devices that formulate and
solve problems, focuses mainly on organizations as prebtdving 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 aaseffice 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 anpeople 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 identifyin@ititeOproblem: managers
frequently solve th&@vrongOproblem by adopting a problem formulation that is either too
narrow or inappropriate (Baer et al., 2008). If the latter occurs, thisesngn 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 managaysskip 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 prebtdwving process had to return to
problem formulation because managetisez 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 sol#aret problem formulators.

Not all problems arealuable for firms, and managers should not try to select problems from
which the firm has little chance of capturing valbéckerson and Zenger (2004) argue that
once the problem is identifiedhe value of a particular problenepends on two factors.
These factors are: e values of the possible solutipsd 2)the costs of discovering a
particularly valuablesolution Based on the problem selected, tmanagerOtask is to
organize a search for solutiotigt optimize the likelihood, speed, andstof discovery of a
valuable solution(Nickerson and Zenger, 2004The 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 setgnce, problems differ in tireoptimal
solution searcHorm, where the choice of problems reflects an assessment of the expected
value of potential solutions and an assessment of the firmOs ability to profit frowalbigh
solutions.Therefore, in choosmthe problems, managers choose an unknown set of potential
solutions, but once chosen the tasko identify the knowledge needed and to maximize the

probability of discovering valuable solutions.
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To advance our knowledge on how firms formuladé@vironmental 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 ax environmentaproblem.

Research degn and method

This paper builds oanexplorative case studyragin, 2008; Dul and Hak, 200Ejsenhatdit,

1989) toexplain how a firm identifie and solve environmental problemsihe case study
approach was chosenpoovidean indepthillustration of a social phenomenalacking inthe

prior researchWhile 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 generalizalyi (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).

Datawere collected from interviews, marketing informatisnch as product brochures and
the corporate website, trade preasd legal documents. Thast set of interviews was
unstructured anevas followed by subsequesémistructured interviewdnterviewees were
managers, typically at or close to executiveele(e.g. chief technical offices, business
development directorsandvice presidents)Nine interviewswere conducte@t Bearing Co
with eight different persons (see Table 1) and lasted 1.5 to 2 Adwestudyextended over
three months, with a findbllow up interview four monthdater in order to clarifycertain
points. The case studpr the present studwas identifiedfrom the initial interviews and
involved semtstructuredfollow up interviews with people directly involved in the problem

formulation, problensolving and development proceSsnce cases are revised and refined as
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the boundary of the set of the case is shifted and clarified (Ragin, 199%nahseemt
structured confirmatory interviewas based on Questionnaire explicyl using theconcepts
of problem formulation and solutipiserved to confirm and revigeir interpretatios of the

development of the problem formulations process for the energy efficient case.

Data collection and analysis ene primarily conducted according to what Miles and
Huberman (1994) refer to as@@restructured caégi.e. a sequence of events describing the

case was identified and majppeut beforethe end otthe data collectionin our caseinitial

sequence mapping was done after several interviews. The mapped sequence was further tested
and revised against the final intervielhe 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 EisenhardtOs (1989) recommendation for analyzing
data, a within-case analys was applied to produca unique pattern for the sa 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 tharious interviewees and public documents. What was
described inthe answes to our questions abouparticular problem formulationswas
repeatedlyin line with our understanding of the concepts. Our arguments regarding internal
validity are basegbrimarily onthefit with the previous theoryp parsimonyband the logical
coherence of our arguments (cf. Pfeffer, 1982). Ecological validity is deemed to be high

because data collection was made directly in@elogyl(i.e. thesubjects were interviewed
16



in their place of work,andwereinvolved inthe processes they describeshd the original
model wasderived inductively from thesedata (Bryman and Bell, 2007)However, the
artificial situation of an interview might have influenced the data, for example in the shape
@spoused theori@Argyris, 1999 being aired. We tried to correct for this by systematically
asking for examples ang@osing overlapping questions regarding general principles of
behavior expressed by the interviewees (e.g. organizational valgasling environmental

performance).

Case study: Environmental problem formulation

The case study explores a problem solving process conductdkdéyng Co a Swedish
MNC, which resulted in the introduction of its new family of more energy efficient bearing
solutions for the automotive industry, referredtie respondents in the firas part of@he
green lin® The bearingwere engineered and manufactutededuce power loss by up to 40
percent beyonthe already efficientstandard bearing solutioandhelping customers redec

their energy consumption atD, emissions

In 2005 a German car manufacturer, a custonuérBearing C®s automotive divisipn
consultedBearing Coabouta problem. The customer was searching for a low friction
solution with certain performance dimensigrier a transmission setupearing Coinitially
sawthis as ausiness opportunity to design and sell a solution. However, edtimang the
costs involved in the search far solution, Bearing Codecidedagainst committingthe
resourcesequired to find a solutiorin other wordsBearing Cadid not consider it a valuable

problem.

Oneyear later, in 2008Bearing C&sautomotive division was contacted by a supplier to the

automotive industry, which had a similar problémthe one posed bthe German car
17



manufacturein 2005 This customer had decomposed the problem into different tasks. In
particular,it had beerndefined by the customer as focused on achieving a giegmeeof
stiffness in the automotive supplier's applicatibagain a transmission systdin 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 solutionusing its usualsupplier of bearing solutions, bwince this had been

unsuccessfulthecustomeihad turned t®earing Co

Again Bearing Corecognized th business opportunity and this time decided to attempt to
solve the problemThe small development tearset up inBearing Corealized that the
solutionwas not just a single bearing arrangement, but ratineolved a @init concepdb a
solution consistingf several bearing types in a preassembledRimtachievemore stiffness
into the arrangemenBearing Codeveloped the solutionwhich the development team
referred to as the unit conceptcording to the product development managarimportant
pat of the process leading toisgrsolution consisted of further decomposition of the problem

specified by the customer.

Bearing Cothen sold this solution to the customer. dtsnmercialization was considered a
succesat the division, according to the busss development directdt is importanto note
that at the time of that first sal@nother potential problemhich wasaddressed by the
solutionhad been tentativeligentified bythe product development teapower loss which

is related to energwaste in transmission systentdowever, the valuef a solution to this

problem for the customer was nalidated untilmuchlater.

In 2005 and 2006,imultaneouswith the development of the unit conceptBaaring Co

European fuel efficiencyregulation was high on the agenda fooriginal equipment
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manufacturersn the automotive sectotn summer 2005, the European Commission had
issued a high profile Proposal for a Council Directive RassengerCar Related Taxes
(COM(2005) 261), which was approvéyg the Europeararliament with amendmentsin

2006 @lthough not finally passed until 2009)

A result of these eventsas that in 2005 and 20Q@8earing C&sautomotive divisiorhad
identified a new potentigl valuable customer problem: increased fedficiency. The
rationalewas theclose connection between fuel consumption and €@@issionan modern
internal combustion engines. The development team immediately redefined the fuel efficiency
problem as one of reduced power loss and friction in thartsmission and consequently
within the unit concept already developed. In other wotldsy identified an additional
problem that wassolved by the already developed solutidimnis then wasan additional
benefit that could be delivered by the same solut@msequently, the offgorovided the
solution to thetwo prodems of 1) not enough stiffnessid 2) poor fuel efficiency.Bearing

Co had developed @completely new bearing unitOthe words of the business development

manager.

Although the environmeat problemhad been tentativelidentified at this stag® it was
consideredonly a minor part of thelarger set of problems addressed by the solution.
Originally, the focus of the problem formulation was less on fuel efficieamg CQ
emissionghanwaslaterthe caseand themaincustomer probleis) the solution waitially
aimedat weretechnical problems in terms of heat generatsiiffness and, to some extent
easy assemblyThus, in terms of any formalized value proposition at the time, the

environmental problem could have been ignored, according to one of the product

W Atter approval from the European Parliament, the Council reached only partial agreement (ec.europa.eu/prelax, 2009

22) and discussions ensued. The resulting legislatiorfiaadly passed on April 23, 200&Regulation (EC) No 443/2009).
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development managern 2006 D and more especially in 200 the automotive division at
Bearing Co(along with its customer industry) was increasingly lookiag the general
problan of power loss in vehiclesn Europeas previously mentionethis wasbeingdriven

in partby regulationin the course of its investigatigrtfie automotive division &earing Co
eventuallyidentified a large set of potential problemedated topowe loss that could be
resolved by solutions similar in principle to the one developedairy 2004 i.e., the unit
concept developed for car transmission systems. As a result, development of several

variations of the Ounit concepp®menced.

In the case fomany of the applicationghe problem formulationand solutions werevery

similar to the original onesandwere in one interview referred to @basically copiesOn

other cases majdtechnical)parts of the originasolution were applicable to tiselution to

the new problem but minor parts needed to be customizé€de consequent development
projects in the automotive division 8earing Coranin 2007 and finished in terms of new
products in 2008. The projedts/olved severaseparate teams of engers in the automotive
division but were coordinated by the original core team of four pedph managers and

two developersd who used their internal networks to orchestrate the projectsO resources.
During the development of these solutions, undedstey ofBand subsequently formulations

of B the valuable customer problentseing reolved increasinglybegan to include

environmental aspects

The first timethat environmental aspects @& resolved customer problemere actively
communicated externally was in 2007. The automotive division had developed one of their
more successful follomp products, the internally famous hybpohion unit. Bearing Co
brought up the customer value from solving the environmentablgo early on in

discussionswith customersand it Owas quite easily acceptedéxcording to the product
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development managefFor subsequent solutions, the environmental aspects of the problems
weremade cleato customers bBearing Cao achieveconfirmation oftheir relevanceo the

environmental problem.

A complement to the solutions developadthattime was a piece of advanced modeling
software developed bgearing Co which allowsBearing Cato estimate savingan fuel, and
CO,-emissions from a ®mbination ofBearing Cosolutions in complex systems, such as
vehicles. This software waseferred to byseveral ofthe intervieweesas an important factor

for communicatingto the customethe value of the problems solved. One interviewee
recounted a sak meeting a customer wher8earing Cahad presented the savings frone us

of the product in terms of friction. The customer seemed positive, but asked for numbers more

relevant to his own firmAs expressed by the involved product development manager:

OThere was a presentation at a customer, | remember, where we presersed the
productsband he said: O you can reduce the friction with a certaialweO, then

the customer said @WU ok, but what is it in fuel economy? Tell me, what do | save in

termsof fuel or inCO,? | need these figures! You can tell me a lot about friction, but

in the end it is th€0, or the fuel which counts®O

Thesesales meetings weronsideredan important tool foBearing Comanagers to validate

that the fuel efficiency/C®problem identified wasaluedby their customers.

However in order fully to understand the origins of todayOs value propositéoalso need
to considera parallel problem formulation process in a different paBedring ColIn 2005,
a new concept wasunched from corporate headquarters as an important part of the firmOs
sustainability vision. The new concept stressed the importance of considering the long term

impact of Bearing C®s offers and Odefing@kearing C§Os commitment to realizing the

21



vision of achieving a net positiveoatribution to the environment.O (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 sonme environmental strengths of the offer we@mmunicated externally on a
custometby-customer basis in 2007, the first tintleat the environmental aspects of the
problems solved were formulatédrmally along the linesurrently exploitedwas in early

2008. Previous to this, the responsible divisionBaaring Cohad 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 fastkfoess in the
arrangement. In 200& O,-savings eventually became part of the core profftemulation

and consequently a means to identify new customeBdaring Co

This change in the problem formulation began winenariginal development teawanted to
communicate the value @f solutions to a broad audience andecided to participate in a
conference on transmission systems scheduled for autumnr2@eslin. Before submitting

their presentation materiélslides photograph®in May 2008 one of the managers of the
product development tearmsontacted the marketing and communication temmthe
automotive division of Bearing Co for support. At this time, he marketing and
communication team was already working on a campaign relatie fomOssustainability

vision, as was introduced in relation to the events of the year 2005 above. The sustainability
vision wasinitiated at the corpate level and was, to a large extent, driven and arguably even

pushed, by the CEO. In the words of theevpresident of sustainability Bearing Co

OIf this were a one man show, it woblethe show of the CECE His personal

involvement is cruciad
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The contact between the development team and the marketing team ¢doneld¢ensive
work on the value ppositionbthe valuable customer problertsat could besolvedby the
solutionsb including and emphasizing the environmental problems. The work on the value
proposition wasat first organized between the original development team of four and the
marketingand communication team. The work on the value propositias extended and
sooncame to includeall the business unit® the automotive division anmhcludedseveral

days ofjoint workshops.All this happenedn 2008 and came to belosely related tdahe
preparations for théarge marketing campaign in 200Bhe marketingcampaign originally

was not about the projects discussed in this paPat.thenew solutions wereonsidereca

nice fit with theplannedmarketing campaign and were quickly integrat&d it. Thus in the

2008 marketing campaign the environmental aspects of the problems solved by the new

solutionsbased on the unit conceperefor the first timecommunicatedvidely externally.

When the campaign was launched, the solutions were markatsdl onthe same value
proposition asapplies currently They are brandedvith a label representingenergy
efficiencyOand are listed as one thfe 12main product categories on tBearing Cowebsite
The solutions aravailable for avide range of inportant customer applications and marketed
with an emphasis otheir environmental sustainabilitfzor example, product brochures use
terms typically related with environmental sustainability, €©§Q emissionsOOglobal
energy consumptionénd OsustainabilityQvhile displaying images of a sunrise over a blue
planet as viewed from spa¢Bearing Co 2009) The solutions can achiewsnallerpower
loss than most, if not all, comparable bearing arrangemantstms ofthe tradeoff, buyers
looking for bearing solutios often take several technical performance attributee
consideration, depending on the applicatibheseperformance attributes typically include

noise, friction, life,and the geometry and carrying capacity per bearing sizehduld be
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notedthat although thenergy efficiensolutions have improved performarggnificantlyin
terms of the frictionand power lossattributes, this sometimescomes at the cost o

rebalancingpetweersome of the other performance attributegarticularcarrying capacity.

The environmental problem addressed byehergy efficientsolutions is the energyasted
due to avoidable friction and power loss. Thihg, energy efficienproductline is a solution
to an environmental problem that is apation specifi¢c a view that was repeatedly stressed

by several respondents, for example the vice president of sustainalBlégratg Co

OItOs not the produntitself, itOs the product in a particular application that is more

sustainable.O

The addressedproblem isan environmentalproblemin the sense that its solution heljgs
alleviate some of thpressures on the fosystem conditions of a sustainable society (RobZrt
et al., 2000. In the case othe energy produced by the combustion of fossil fuels, the
breaking of the first system conditiovill be alleviatedn partby the use of energy efficient
solutions. In somewhat more practical terms, this means reducip@@®sions that could
cause climatechange. For car manufacturers, tbeergy efficientproducts enablahe
production ofmore fuel efficient cargesulting in lower totabperationakoss for customers
and lower future penaltiebased onCO, regulation (e.g. the EU Regulation (EC) No

443P009)

To summarize, the process leadinghe currentOgreen lineQas the solutions were referred
to by the respondentsyas initiated bya specific customer requesbt specifying any
environmental problemrhe first time theelevantproblem was ideifted, it was not solved.
However, the same problem wamesented tdBearing Comanagersa year laterby another

firm, but this time it was furthedecomposed andormulated so at tdocus on one
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performance attributestiffness It was at this time recogred as a valuable problem by
Bearing Coandwas eventually solvedhe subsequent search Bearing Cofor additional
attractive problensolution pairsthen interacted with an unrelated simultanequeblem
formulationprocessthe development of the filds sustainability visiowhich hadled to the
explicit formulation of another type of problem addressed by the sameimilarsolutiors.
This problem, offuel efficiency and C@emissionswasquickly decomposed into problems
related tofriction and pover loss. Although noinitially recognized asrery important the
areas offuel efficiency and CO2mmissionseventually becamemuch more prominent
Currentoffers based on the original customized solution are brandékiasrgy efficientO
are referred tin the firmasOthe green [product] line@he identification and formulation of
the environmental problem addressed helBedring Cofind a wide array ofseemingly
unrelated applications for the originally customized solution, suchnasnproved wheel
bearing solutionThis helpedBearing Coscaleup the number of application® which the
original solutioncould be applicableThe identification and later the formulation of the
environmental problem addressed atbelcthe value proposbns for the related products
which enabledearing Coto create and capture more value from their solutitinaffected
how an originally customized solutiors today marketedand increased the number of

targetable customers. In the words of the inéaved business development manager:

OFor usincreasing environmental conceisian opportunity. We see it as a possibility

to introduce our products and services to a larger customer base than before.O

The major events the development process are outhnkable 2.
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Discussionand conclussionk

The starting point for this paper was a simple empirical questmm do firms formulate and
solveenvironmentaproblems andavhat is the role of environmental sustainability visions for
the development of environmental innovations in established Fitmshe introduction we
discussed severalbvious reasons for developing offeringgth improved environmental
performanceincludinginternal and external branding, cost efficien®gulatory anticipation
and facing competitors However, the existing researchdoes not addresshe role of
formulating and solving environmental probleamsl what the role of sustainability visions is
We have tried toillustrate one way of how firms formulate and subsequently solve

environmental problemand its relation to sustainability visians

We examinethe case ofa multinational supplier in the ballearing business which
successfully developed a green product line. The entire case is chasdcter how the
problem formulatiorfor the solution changed over timathoughthe solutionwas often the
same for differenproblems.Below, we discusa fou stageinterpretation of the case with
implications for received theorgn problem formulation and problem solving and the

implications from a value creation and value appropriation perspéBijssixdahl, 2009)

In the first stage of the probledormulaion and solvingprocess outlined, a customer
formulated a problem foBearing Coregarding heat generation in a transmission system
(problem formulation 1)Bearing Coevaluated the mportunity to solve the problerout
decidal against developing a solutiafter having evaluated the costs and benefits related to

theproblem
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In the second stag8earing Cowas approached by another customer who shared the same
basic problem, at least as viewed in Isigthtt However, the second custoniermulatedthe
prodem in a more detailed way, focusing on the problem of latkstiffness in the
arrangemen{problem formulationl.1). Thus the customer had performed the first stage of
decomposing the problerBearing Coevaluated the opportuniign the second presentation

of the problem and decided to pursueBigaring Cowas successful in findintpe solution to

the second customerOs probiemd also realized that the solutimas applicable to a broader

set of problems. Thus, in line wiprior literature decomposing the problem played a role in

finding its solution Figure 1 summarizes the stages.

In the third stage, havinglentified a general solutiorBearing Coformulated a number of
specific occurrences or variations of the first probldmviewed this as finding new

applications for the solutiofhe third stage is illustrated in Figure 2.

In the fourth stage, interaofh occurred between the original problemd the corporate
sustainability vision. The vision was a statement of a preferred state of affairsrtieatim

line with the conditions for a sustainable society, and can thus be interpreted as a formulation
of an environmental problemrhe environmental problem formulation that eventually

impacted on the value proposition of the offers described in the was formulated by
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corporate headquarters in an unrelated, process parallel to the peuivémg process in the
automotive division. This interaction between probfiemmulationsenabledBearing Coto
identify an increased number of business opporasjii.e. problensolution pairs. Because
the environmentalproblem wasa widespread problenthis coupling helpedBearing Co
identify a significant number of new opportunities through the formulation of several new
problemsolution pairs.The increased maber of opportunities is illustrated in Figure 3 in

which problem formulation 2 refers to the environmental problem formulation.

Because theteraction between the environmental problem and the solved problem had such
a significant effect, it deserves further elaboratibime origin of theenvironmentabroblem

was the very general industry problem of energy coststlamdocietal problem of O,-
emmisions, i.ean @nvironmentaproblenOwhich was also part of the firmOs sustainability
vision. Bearing Cohad decomposed this problem and identified a particularly valuable sub
problem that they were in the positionfied a potential solution tothe problem of friction

and power loss in mechanical machinery. From tteraction between these two problenhs
which occurred when the engineering manager presented his products to ritet ma
communications team in 20@®d during the subsequent work the value propositioBthe
solution to the first problem was coupled with gexond, environmentgroblembi.e. the
sustainability vision The result was identification of several new probkotution pairs
(opportunities). This process of unrelatedroblem formulation and solving processes is

illustrated in Figure 4.
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From the perspective of the problem formulation and problem solviaegatlire the case
descriptionreinforces the established observation that prolfiermulation and solving is a
(nessyYprocess (Mintzberg et al., 1976; Lyles, 1981; Nutt, 1984).comparison, more
recent work by Hsieh et al. (2007), describes the procese@uential. That is, with the
specific problem first being identified and then the search for a soldtidhat regardpur
findings contradicthe temporal model assumed Hisieh et al.Ogheory aboutopportunity
identification from the perspective ohanagement as problesolving (i.e. Hsieh edl.,
2007). The major implication in this regard however, is that our findings allow for more
provision of credence to the waktablished iterative view of problem formulation. What we
identify in our case gty is that the problem formulation process of the environmental
problem, as instantiated in the sustainability vision, and the preddérmg 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 sdion 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 probseining perspective on

strategic management, we show that there are two ways thelled environmentgl

29



profitable innovationsfor firms can be developed. The first way, which is well established
and which we have not focused so much on in this papeo, 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 tkavironmental problem formulation creates

valuable problensolution pairs.

A reader critical of environmental voluntarism (Newton and Harte, 1997), might see this
argument aggreenwashin@ since Bearing Codid 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 addressdgearing Cohas 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 problesolving process resources are directed towards. Since the two
phases of problem formulation and problem solving are inextricably intertwirtedetated
(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 thealipectional nature of the problesolving process

can be hamessed 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 interpseted

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 problersolution pair. This problersolving perspective on the @ws

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 connedts leas been
identified in previous literatureHart, 1995, 1997, arsson, 2000), but the present paper
further contributes to our understanding of the management of environmental innovation by
providing an explanation of the underlying organizational mmasm that realizes that

connection.

This study has some direct implications for managenidr@.case descriptidiocused on one
example of a situation where environmental problem formulation expanded the opportunities
for the solution owner. One implicah for management is that committing resources to the
reworking of formulations of valuable problems in relation to existing solutions based on
changes in the firmsO environment is potentially valuable for the firm. Economizing on the
problem formulationphaseb the task of searching for the right probldmay 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 selgtion,
recent changes affecting its major customers. Recent regulatory changes based on greater
awareness of eeenvironmental aspects in many markets are provoking such changes
bringing new customer and emder 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 thatthis study is based on one case stludlther research is needed. However, we can
say that he parallel problem solving process described above is a phenomenon that does
occur in firms. Further research should focus on how frequénihg identify substantially

larger application aredor already developed solutio®i.e. new business opporttias D

when considering previously formulated valuable problems in conjunction with
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environmental problems. this turns out to be more than a chance occurrenceuitd have
major implications for literature dealing withow firms could benefit from adressing

environmental problems
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Function Interviews
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Product Development DirectoDivision BAutomotive 1
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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 fodifferent customers
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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 |Pla...z} |P2a...z| > |Pla..z|
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Figure 4: The fourth stage Problem reformulation. (Note that the process depicted in this figure led to the outcome
depicted in figure 3.)
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