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ABSTRACT

This thesis focuses on the development of sustainable industrial architectures
for bioenergy based on the metaphors of industrial symbiosis and industrial
ecosystems, which imply exchange of material and energy side-flows of various
industries in order to improve sustainability of those industries on a system
level. The studies on industrial symbiosis have been criticised for staying at the
level of incremental changes by striving for cycling waste and by-flows of the
industries ‘as is’ and leaving the underlying industry structures intact. Moreo-
ver, there has been articulated the need for interdisciplinary research on indus-
trial ecosystems as well as the need to extend the management and business
perspectives on industrial ecology. This thesis addresses this call by applying a
business ecosystem and business model perspective on industrial symbiosis in
order to produce knowledge on how industrial ecosystems can be developed
that are sustainable environmentally and economically.

A case of biogas business is explored and described in four research papers
and an extended summary that form this thesis. Since the aim of the research
was to produce a normative model for developing sustainable industrial eco-
systems, the methodology applied in this research can be characterised as con-
structive and collaborative. A constructive research mode was required in order
to expand the historical knowledge on industrial symbiosis development and
business ecosystem development into the knowledge of what should be done,
which is crucial for sustainability and the social change it requires. A collabora-
tive research mode was employed through participating in a series of projects
devoted to the development of a biogas-for-traffic industrial ecosystem.

The results of the study showed that the development of material flow in-
terconnections within industrial symbiosis is inseparable from larger business
ecosystem restructuring. This included a shift in the logic of the biogas and
traffic fuel industry and a subsequent development of a business ecosystem that
would entail the principles of industrial symbiosis and localised energy produc-
tion and consumption. Since a company perspective has been taken in this the-
sis, the role of an ecosystem integrator appeared as a crucial means to achieve
the required industry restructuring. This, in turn, required the development of
a modular and boundary-spanning business model that had a strong focus on
establishing collaboration among ecosystem stakeholders and development of
multiple local industrial ecosystems as part of business growth. As a result, the
designed business model of the ecosystem integrator acquired the necessary
flexibility in order to adjust to local conditions, which is crucial for establishing
industrial symbiosis.

This thesis presents a normative model for the development of a business
model required for creating sustainable industrial ecosystems, which contrib-



utes to approaches at the policy-makers’ level, proposed earlier. Therefore, this
study addresses the call for more research on the business level of industrial
ecosystem formation and the implications for the business models of the in-
volved actors. Moreover, the thesis increases the understanding of system in-
novation and innovation in business ecosystems by explicating how business
model innovation can be the trigger for achieving more sustainable industry
structures, such as those relying on industrial symbiosis.

Keywords: industrial symbiosis, economies of repetition, distributed produc-
tion, business ecosystem, business model.



REFERAT

Denna avhandling undersoker utvecklingen av héllbar industriarkitektur for
bioenergi med hjilp av metaforerna ’industriell symbios’ och ’industriella eko-
system), vilka inbegriper olika industriers utbyte av sidofléden av materiel och
energi for att forbéttra dessa industriers hallbarhet pé systemniva. Studier av
industriell symbios har kritiserats for att beakta endast den stegvisa forandring
som uppnds genom atervinning av industriers avfall och bifloden, medan de
underliggande industriella strukturerna har forblivit oférdndrade. Dartill har
uttryckts ett behov av tviarvetenskaplig forskning om industriella ekosystem
samt ett behov av att utvidga de forvaltnings- och foretagsmassiga perspek-
tiven pa industriell ekologi. Denna avhandling beméter detta behov genom att
tillimpa ett pa affarsekosystem och affairsmodeller baserat perspektiv pa indus-
triell symbios for att producera kunskap om hur industriella ekosystem som ar
béde ekologiskt och ekonomiskt héllbara kan utvecklas.

I avhandlingen, som bestér av fyra forskningsartiklar samt ett lingre sam-
mandrag, undersoks och beskrivs ett foretag inom biogasindustrin. Emedan
malsdttningen for forskningsprojektet var att skapa en normativ modell for
utvecklandet av hallbara industriella ekosystem, sa kan projektets metodolo-
gi beskrivas som konstruktiv och kollaborerande. En konstruktiv forsknings-
metod kréavdes for att utvidga den historiska kunskapen om utvecklingen av
industriell symbios och affarsekosystem till att omfatta kunskap om vad som
bor goras, vilket dr avgorande for hallbarheten och den samhilleliga forandring
som krévs. En kollaborerande forskningsmetod tillimpades genom deltagande
i en serie projekt inriktade pa att utveckla ett affarsekosystem for biodrivmedel.

Resultaten av studien visade att sammanlankningen av materialfloden inom
industriell symbios bor utvecklas i ndra anslutning till storre omstrukturerin-
gar inom affarsekosystem. Detta inkluderade ett logikskifte inom biogas- och
drivmedelsindustrin samt en paféljande utveckling av ett affirsekosystem som
skulle vara forenligt med principerna for industriell symbios och lokalt inriktad
energiproduktion och -konsumtion. Eftersom den hér avhandlingen ar skriven
utgaende fran ett foretagsperspektiv, framtradde rollen som ’integrator av eko-
system’ som ett betydelsefullt redskap for att uppna den nédvindiga industriel-
la omstruktureringen. Detta i sin tur nodvéandiggjorde utvecklingen av en mod-
ulbaserad och gransoverskridande affairsmodell med starkt fokus pa etablering
av samarbete mellan olika intressenter inom ekosystemen samt utveckling av
en mangfald lokala industriella ekosystem som en del av tillvixten. Som ett
resultat av detta uppnadde den av integratéren utformade affirsmodellen nod-
vandig flexibilitet for att anpassas till lokala forhallanden, vilket dr avgorande
for etablerande av industriell symbios.



Avhandlingen lagger fram en normativ modell f6r utvecklandet av en af-
fairsmodell som dr nodvindig for att skapa hallbara industriella ekosystem,
och som stoder dylika ansatser pa politisk beslutsfattarnivd. Sdledes uppmark-
sammar studien behovet av utdkad forskning pa foretagsniva for att utveckla
industriella ekosystem samt deras betydelse for de involverade aktorernas af-
farsmodeller. Darutover okar avhandlingen forstaelsen av systeminnovationer
och innovationer inom affirsekosystem genom att redogéra for hur innovation-
er av affairsmodeller kan utgora en utlosande faktor for att skapa mera héllbara
foretagsstrukturer, sisom de som bygger pé industriell symbios.

Nyckelord: industriell symbios, cykliska ekonomier, distribuerad produktion,
affarsekosystem, affairsmodell.
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GLOSSARY

Biogas

Business ecosystem

Business model

Industrial ecosystem

Industrial symbiosis
(IS)

a mixture of gases produced in the process of an-
aerobic digestion. In this thesis, the term ‘biogas’
also refers to the upgraded product, which mostly
consists of biomethane (CH,) and can be used as
traffic fuel

an economic community supported by a founda-
tion of interacting organisations and individuals,
which produces goods and services of value to
customers, who are themselves members of the
ecosystem. Over time, they coevolve their capa-
bilities and roles, and tend to align themselves
with the directions set by one or more central
companies (Moore, 1996)

a conceptual device which captures the manner
by which the enterprise delivers value to cus-

tomers, entices customers to pay for value, and
converts those payments to profit (Teece, 2010)

a network of industrial actors, in which the con-
sumption of energy and materials is optimised,
waste generation is minimised and the effluents
of one process serve as the raw material for
another process (Frosch and Gallopolous, 1989),
i.e. a system of actors that employs industrial
symbiosis

an activity that engages diverse organisations in a
network to foster eco-innovation and long-term
culture change. Creating and sharing knowledge
through the network yields mutually profit-

able transactions for novel sourcing of required
inputs, value-added destinations for non-profit
outputs, and improved business and technical
processes (Lombardi and Laybourn, 2012)



Modularisation

Replication

Sustainable
development

the process of decomposing complex systems
based on commonalities between various ele-
ments into building blocks or modules with
specified interfaces

the process of delivering ‘repeatable solutions” by
partly standardising and exploiting the technical
and business knowledge

the development of human society, which allows
meeting the needs of current generations without
compromising the ability of future generations to
meet their own needs (WCED, 1987). The solu-
tions that contribute to sustainable development
can be referred to as ‘sustainable’
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@ INTRODUCTION

This thesis focuses on the development of sustainable industrial architectures for
bioenergy. The aim of this study was to develop the knowledge that can drive such
renewal, utilising a case of biogas business. A planned local biogas-for-traffic solu-
tion, therefore, served both as the main data collection site and as the arena for
applying and testing knowledge produced during the research. Although a number
of successful similar solutions based on biogas use as traffic fuel exist, for example,
in Sweden, the descriptive knowledge of their development was not sufficient to en-
able the focal business. The problem resided in the lack of an appropriate business
ecosystem that could convert a local symbiosis effort into a sustainable business.
Thus, the main research question of this study was how industrial ecosystems can
be developed that are sustainable environmentally and economically.

1.1. Background

The growing concerns about climate change, depletion of resources, and limita-
tions for economic growth have led to the articulation of the need to change
to sustainable development (WCED, 1987). The fossil fuel-based economy has
proved to be one of the major reasons for reaching the current unsustainable
situation, in which the quest to meet the needs of our generation is significantly
undermining the potential of future generations to meet their needs (Korhonen
et al., 2004). Now, when environmental challenges and resource limitations are
directly affecting the quality of life, economic and social development, the fu-
ture development of society can be compared to an attempt to get into a re-
source funnel. The walls of this funnel are narrowing down as society’s needs
are constantly increasing and resources are constantly decreasing (see Figure
1). Continuing a straightforward movement without adjustments will lead to
‘hitting the wall’ Sustainability can be achieved by broadening the walls of the
funnel, i.e. ensuring that the supply and demand of resources and ecosystem
services, such as clean water, air and land, will correspond over the long term.
It is therefore crucial to ensure that the funnel will not close and to design sus-
tainable solutions that will fit into this funnel.

Renewable energy and bioenergy in particular, are seen as solutions that en-
able continuous fulfilment of society’s energy needs and as a pathway towards
sustainability. The field of bioenergy includes production of energy from vari-
ous biomasses that are renewable within a relevantly short timeframe (European



Decreasing resources and ecosystem
services (water, land, clean air, etc.)

Increasing demand for resources and ecosystem services
(water, land, clean air, etc.)

time

Figure 1. TNS funnel metaphor."

Commission, 2013). The technologies for producing fuel and energy from bio-
resources are constantly developing and many of them are widely commercially
available: biogas, bioethanol, biodiesel and wood-based syngas but to name a
few. A common shortcoming in implementing these technologies is blueprint-
ing fossil fuel-based economy logics and industry structures. As a result, it is
difficult for bioenergy solutions to become feasible and thereby compete with
fossil fuels. New business concepts are required for bioenergy so as to create
sustainable solutions that would not only help to avoid ‘hitting the wall’ but will
also be economically sustainable. These concepts need to be based on both the
characteristics of existing infrastructures and those of bioenergy and biomass.
A major difference in the properties of biomass and fossil fuels is in their
availability and energy density. Since biomass has lower energy content, and a
higher prevalence and variability of sources compared to fossil fuel resources,
shorter distribution distances are more appropriate for its transportation (Gus-
tafsson et al., 2011; Mirata et al., 2005). The difference in properties is dem-
onstrated in Figure 2. To fulfil society’s growing energy needs, it is realistic
to organise fossil fuel production as a mass-production industry. In this way,
an economy of scale and thereby higher efficiency in energy production and
supply could be achieved (Johansson et al., 2005). However, since biomass is
available almost ubiquitously, but in smaller quantities, production of biofuels
at large-scale refineries incurs high transportation costs, both in monetary and
environmental terms. Attempts to reduce financial costs often leads to shift-
ing the environmental and social burden onto something else (Mirata et al,,
2005), such as in the case where biomass is grown in developing countries in
an unsustainable manner, and is refined into biofuel to be used in developed

'Adapted from The Natural Step (2013)



countries. Such solutions are prone to create new social and environmental
problems, to face feasibility challenges, and to inherit the shortcomings of fossil
fuel-based economy. Thus, the challenges that the biofuel industry often con-
fronts are not based in the quality of the product - biofuel, but in the incom-
patibility of the old industry’s structures and logics with the properties of bio-
mass and the aims that bioenergy needs to fulfil.

|

e

biomasses

L=

Yy
S /\/
fossil fuel

/

prevalence of an energy source

|
energy content by source

Figure 2. Schematic representation of the differences in prevalence and energy content of
biomass and fossil fuels.?

Contrary to mass-production, the distributed way of producing biofuels,
and biogas used as a case study in this research, appears to conform much bet-
ter to the nature of biomass production (Mirata et al., 2005; Ristola and Mirata,
2007). In such an industry structure, production facilities are located close to
the biomass source and match its volume, forming a network of fairly inde-
pendent production units. On a system level, distributed economies are seen as
a more flexible and resilient industry structure, which is highly required in the
shift from efliciency-driven economy to the economy striving for quality and
sustainability (Johansson et al., 2005).

The sustainability of biofuel production can be further improved by inter-
connecting material and energy by-flows of various industries as implied by the
metaphor of industrial symbiosis (IS) (Allenby and Cooper, 1994; Baldwin et al.,

*Adapted from Gustafsson et al. (2011)



2004; Benyus, 1997; Chertow, 2000; Coté and Cohen-Rosenthal, 1998; Ehren-
feld, 2000; Geng and Coté, 2002; Graedel, 1996; Templet, 2004; Wallner, 1999).
For example, various types of biowaste such as sewage sludge, manure or other
organic waste can be used as a source for biogas production. This has a positive
environmental effect due to the more efficient use of resources, and treatment of
waste on a local level, while bringing significant costs savings or even new rev-
enue streams to the biogas producer if biomass has zero or negative value. Stem-
ming from the field of industrial ecology (Graedel and Allenby, 1995), a similar
concept of industrial ecosystems emphasises the need for reshaping industrial
activities into a more cyclic mode as well as the system nature of collaboration
required for this production mode (Chertow, 2000). In a seminal article in the
field of industrial ecology Frosch and Gallopolous (1989) wrote:

“..the traditional model of industrial activity in which individual manufac-
turing processes take in raw materials and generate products to be sold plus
waste to be disposed of should be transformed into a more integrated model:
an industrial ecosystem. In such a system the consumption of energy and ma-
terials is optimized, waste generation is minimized and the effluents of one
process ... serve as the raw material for another process.”

Frosch and Gallopolous, 1989: p. 144

The idea of material flow cycling and higher integration of industrial ac-
tors implied by IS has the potential to benefit the needs of establishing small
quite independent production and consumption systems implied by distributed
economies (Mirata, 2005). In this thesis, a network of local industrial systems
where biogas is produced and consumed served as a vision for a sustainable
biogas-for-traffic industry. The research interest was, therefore, in how produc-
tion of biogas and its utilisation as traffic fuel could be organised in order to
become a truly sustainable solution.

Production of biofuels within industrial ecosystems is technically sound, al-
though it requires complex material flow engineering and coordination, which
ultimately leads to increased costs. The greatest challenge, therefore, lies in the
business integration, rethinking the whole value chain of fuel production and
re-designing the overall business logic so as to make the business feasible and
otherwise sustainable. Current industry structures and the manner in which
companies organise their business cannot accommodate the systemic and cir-
cular character of production within industrial ecosystems. A systemic and
circular character that is not only required for biofuels but for sustainable de-
velopment in general (Boons at al., 2013). In line with this, Hart and Milstein
(1999) argue that ‘transplanting’ models from traditional consumption-focused
economies into emerging economies striving for sustainability contradicts the
whole idea of building greener industry structures. Moreover, the notion of IS
often implies collaboration among traditionally disconnected industries (Cher-
tow, 2000), which makes the business integration task even more challenging.



From an innovation perspective, there is a need not only to develop IS for
physical production of biogas, but also to consider the larger socio-technical
system around biogas production (Geels, 2002) and ensure the existence of an
enabling and suitable business ecosystem (Moore, 1996). Recently, management
research has been paying attention to the importance of and the opportunities
provided by considering the business ecosystem around products and business
models. Amit and Zott (2012) propose that a company can successfully inno-
vate its business model by taking a systemic view, i.e. in the context of the net-
works and ecosystems it operates within, instead of making isolated choices. In
line with this, Gulati et al. (2012) introduced the notion of a meta-organisation
in which companies, though not connected through any formal authority, need
to perform as one entity, i.e. in a system, in order to succeed.

It is important to note that the ecosystem metaphor has different emphasis
in industrial ecology as compared to business and management studies. Thus,
in industrial ecology the notion of an industrial ecosystem is used as a prescrip-
tive model that urges the cycling of energy and materials among industries simi-
larly to natural ecosystems, and also stresses the inseparability of these systems
(Ehrenfeld, 2001). In management studies, the metaphor has been used to em-
phasise the interdependency upon each other of the various business actors with-
in and across industries, and the process of their co-evolution (Moore, 1996).
Innovation studies pay more attention to the fact that the introduction of new
technologies and products requires embedding them into socio-technical systems
which already exist, or creating new ones (Geels, 2005). There is, however, a com-
mon ground for the use of the metaphor: the eco-system idea draws attention to
the need for a systemic view on industrial and business activities.

In this thesis, the terms ‘industrial ecosystem’ and ‘ecosystem’ are used as a
combination of the above perspectives and to emphasise system value creation.
This means that together various actors as a part of an industrial ecosystem are
able to generate system benefits, i.e. benefits inaccessible to separate actors and
exceeding the sum of benefits they would receive on their own (Simon, 1962).
Whether they are environmental, economic, or even social, these benefits are
deeply intertwined in the view of strong sustainability (Ayres et al., 2001). The
boundaries of industrial ecosystems, as defined in industrial ecology, need to be
widened in order to embrace the actors crucial for such complex value creation
even if they are outside the physical material exchanges. Since the context of this
research is the development of sustainable biofuel industry structures, a holis-
tic approach is required in order to address both environmental sustainability
(through relying on ideas of efficient material flow cycling) and economic sus-
tainability (through focusing on resilience and feasibility of new industry struc-
tures). The reason for stressing the business side of ecosystems also lies in the
fact that unless industrial ecosystems are economically sustainable they will not
be able to replace the current environmentally unsustainable production modes.

Thus, theories from both fields: industrial ecology and management stud-



ies, - are utilised in this study. The ideas of IS and a distributed production
mode form the basis for developing a desired way of producing biogas that is
environmentally sustainable. The target biogas-for-traffic industry structure can
be therefore described as a network of local industrial symbioses. A business
ecosystem redesign is required to enable the focal biogas-for-traffic solution
so as to reflect and facilitate the envisioned symbiotic and distributed industry
architecture. Furthermore, the business model level is chosen as the unit of
analysis in order to gain an understanding of what connects businesses and
eventually triggers a system change, and the formation of a business ecosystem.
This is due to the fact that business models are not only bound by the industry
structures, but may also be vehicles in shaping them (Brusoni et al., 2009; Fer-
raro and Gurses, 2009; Pisano and Teece, 2007). The core of this research is
the business model of the company which attempts to establish a sustainable
biogas-for-traffic ecosystem through innovating its own business model.

1.2. Research context: the biogas-for-traffic solution

The case that is central to this thesis is a biogas-for-traffic solution planned in a
municipality in Finland. Biogas production as a business already existed in the
area, however, the fuel was utilised for heat and power production, thereby hav-
ing quite low value. Sewage sludge supplied by the local wastewater treatment
facilities was the main resource for the biogas production. The main revenue
stream for the biogas producer was the gate fee for sewage sludge treatment,
while biogas brought only marginal value. A gas distribution infrastructure as
well as biogas upgrading facilities did not exist in the area thus preventing im-
mediate use of biogas as traffic fuel.

The focal municipality is an urban area with around 200 000 inhabitants.
Public transportation and other transportation businesses therefore form an
important part of local economy. The benefits of utilising locally produced bi-
ogas in public and other local transportation were rather evident: a reduction
in greenhouse gas and particle emissions in the area, self-sufficiency in terms of
fuel, less dependency on fluctuating prices of fossil fuels, smarter utilisation of
biowaste, and creation of local jobs.

Despite the well-articulated advantages of using biogas as traffic fuel and
evidence from similar solutions abroad (see e.g. Berglund et al., 2011; Lantz et
al., 2007), the implementation of the solution faced a number of challenges. As
implied by the notion of IS, the implementation of the solution required the
integration of a number of industries that are not traditionally connected to
biogas production: transportation, waste management, agriculture, and other
relevant businesses. The potential suppliers of biomass in the focal area in-
cluded a wastewater treatment unit, farms, and waste management companies
in addition to the wastewater treatment facility, which already supplied mate-
rial for biogas production. The potential users of biogas, in turn, constituted
a diverse range of companies that had various business logics and interests.



Furthermore, in order to ensure environmental sustainability of the produced
biogas and overall solution, the digestate — the by-product of biogas production
- needed to be utilised in a reasonable manner, e.g. as a fertiliser in farming.
All the named actors operated in considerably diverse industries and it was not
clear how their participation in the biogas-for-traffic business would benefit or
otherwise affect their operations.

Another critical issue was that most of the potential stakeholders were re-
quired to make certain investments, for example, gas-driven vehicles, biogas dis-
tribution infrastructures, or equipment for spreading digestate on the farmers’
fields. The companies needed to work in a system to create a functioning solu-
tion and make these respective investments. This required building an indus-
trial ecosystem that would integrate otherwise disconnected business actors and
would ensure system value creation and re-distribution. For the biogas company,
that would ultimately become the ecosystem integrator, it was critical to consid-
er the development of a biogas business beyond one location, in order to make
the biogas-for-traffic business more resilient and allow competition with fossil
fuels. Thus, a distributed production mode and business expansion to new loca-
tions was urged in order to support the integrator’s ability to create and manage
a complex network consisting of a number of local industrial ecosystems.

A research project was started at the PBI Research Institute in order to ex-
plore how the biogas-for-traffic solution could be implemented given the above
uncertainties. The author’s participation as a researcher allowed observation
of the processes required, and assistance in shaping the formation of the solu-
tion in tight cooperation with the relevant companies and other actors, such as
the municipal authorities. The initial design of the target solution started with
envisioning the main material flows among the actors as presented in Figure 3.
Material flow planning is only a starting point; the following stage, business
planning and implementation, proved to be a more challenging task that ulti-
mately affected the industrial ecosystem constellation.

Animal manure
farm Car users
digestate
) l
Crop green biomass Biogas Biogas Biogas biogas () Bus
farm "] production | upgrading | distribution operators
ry
digestate
Truck
Wastewater sludge ] users
treatment City
parks

Figure 3. The initial envisioned constellation of a target ‘biogas-for-traffic’ ecosystem based
on material flow design.



1.3. Motivations for the research

The motivations for the research undertaken in this dissertation originated
from the research context and theoretical background. First of all, the real-life
challenge discussed earlier needed to be solved: in the focal biogas-for-traffic
case it was not clear how to implement the solution and integrate the multitude
of stakeholders, i.e. how to create a biogas-for-traffic industrial ecosystem that
could be characterised as distributed and symbiotic.

As discussed in section 1.1, the new sets of processes that would fulfil the
emergent market for biofuels do not align with the currently prevailing mar-
ket structures, particularly those inherited from the current fossil market. The
change towards sustainable industry structures was unlikely to occur naturally,
partly because the business actors observed in the focal case showed the follow-
ing characteristics:

o Lack of entrepreneurial activity to induce new structures and organisa-
tions through effectual action.

« Lack of management awareness in existing organisations to facilitate the
changes.

« Rigidity within the existing organisations that would make changes risky
and costly.

Since the relevant organisations in the focal case did not anticipate nor react
sufficiently to the emergent biogas-for-traffic market, new models originating
in institutional networks such as educational research and industrial actors had
to enable such agency. This was the reason for starting the research project and
for the author to engage in the collaborative and constructive research that re-
sulted in this thesis.

Existing research on sustainable industrial organisations within the fields
of cleaner production and industrial ecology could not provide the solution to
the problem of how to enable such a sustainable biogas business from a com-
pany perspective. The perspective taken in industrial ecology is often either
historical or adopts the policy-maker’s point of view in providing prescriptive
knowledge (Yu et al., 2013). It is assumed that IS is a free-will collaboration
between various industrial actors that occurs spontaneously and is therefore ei-
ther uncontrollable (Chertow, 2007), or can be triggered by various policy tools
(Agarwal, 2011) and is considered traditionally as an altruistic act performed by
companies (Lombardi et al., 2012). While a number of examples of successful
industrial eco-parks have been researched and described (Baas, 2011; Behera
et al., 2012; Co6té and Cohen-Rosenthal, 1998; Ehrenfeld and Chertow, 2002;
Ehrenfeld and Gertler, 1997; Heeres et al., 2004), it has proven to be difficult to
reproduce industrial ecosystems in various locations (Chertow, 2007; Woodard,
2001). Centralised planning (Baas, 2011; Desrochers, 2001; Elabras Veiga and



Magrini, 2009) and a middle-out approach (Agarwal, 2011; Costa and Ferrao,
2010) have been discussed as ways of creating industrial ecosystems, where deci-
sions reside at the policy-maker’s level. In addition, the studies on IS have been
criticised for staying at the level of incremental changes by striving for cycling
waste and by-flows of the industries ‘as is’ and leaving the underlying industry
structures intact (Ristola and Mirata, 2007). In this sense, one of the motivations
for this research was to unveil the potential of the concepts of IS and distributed
production to guide the development of more sustainable industry structures
for biogas production and use in traffic. The need for interdisciplinary research
on industrial ecosystems in order to foster the implementation of such indus-
try structures more successfully has been articulated (Posch et al., 2011; Lom-
bardi et al., 2012), together with an acknowledgement of the need to extend the
management and business perspectives on industrial ecology (Korhonen et al.,
2004). As a result, the way in which business ecosystem research (Gulati et al.,
2012; Moore, 1996) could benefit industrial ecology remained to be explored.

This extensive research on business ecosystems and system innovation at-
tempts to explain the phenomenon of how industries are altered due to the
actions of individual companies (Echols and Tsai, 2005; Gulati, 1998; Gulati et
al., 2012; Jacobides et al., 2006; Normann and Ramirez, 1993; Pisano and Teece,
2010; Sarasvathy and Dew, 2005). Although the need for companies to acquire
a system view of their business is acknowledged in eco-innovation (Ceschin,
2013) and technological transition studies (Geels, 2002; 2005), the detailed way
in which it could be employed at a company level was still to be researched.

As Lombardi and Laybourn (2012) note, potential members do not invest
time and energy in pursuing synergies without a perceived benefit. Given the
nature of IS, where actors from traditionally unconnected industries establish
material and energy exchanges, the difficulty of establishing collaboration be-
tween business ecosystem actors is brought to an even more challenging level.
Normal supply chain connections do not yet exist among these companies, and
they often target different markets with their main products and services, where-
as engagement into IS is achieved through by-flow exchanges. An example of re-
quired collaboration between industries that are traditionally unaccustomed to
operating within one business sphere is integration of farming into the produc-
tion of bioenergy. Existing industry structures, common spheres of operation
and industrial standards are not directly helpful or effective in the market. As
a result, a company, in order to integrate the new biogas-for-traffic ecosystem,
needs to develop new ways to establish sustainable interconnections with all the
ecosystem actors. This will inevitably be reflected in the industry structure and
the business model of such an integrating company. However, existing research
on business ecosystem development has not been able to prescribe these means
in a highly uncertain market that is still to be created. Instead, a more experi-
mental and creative research approach was expected to serve these needs.



1.4. Research objectives

The aim of this study was to develop the knowledge that can drive the change
to the more sustainable industry structures required for biofuel business. The
focal biogas-for-traffic case therefore served both as the main data collection
site and as the arena for applying, and thereby validating, knowledge produced
during the research.

Given the characteristics of the research problem, the ultimate result of this
thesis was expected to be a normative model for developing sustainable industrial
ecosystems for biofuel industry, using biogas-for-traffic business as an example.
This affected the methodology applied in this research as well as the essence of
the knowledge produced: prescriptive and actionable. Thus, a constructive re-
search mode was required in order to expand the historical knowledge on IS de-
velopment and business ecosystem development to the knowledge of what should
be done, which is crucial for sustainability and the social change it requires.

The main research question in this study is:
o How to design sustainable industrial ecosystems?

The aim of the design process is to create artefacts that serve the intended
function and can be implemented in the real world. Therefore, in this study, de-
sign and development of industrial ecosystems are treated as inseparable parts
of one process and the words are often used interchangeably. Since the actual
implementation of design is in the hands of ecosystem actors, the focus of this
study is on the design of industrial ecosystems that are sustainable and im-
plementable. Thus, both the target industrial ecosystem structure (the design
outcome) and the logics of its development (the design process) were expected
to form the actionable knowledge.

In order not to exclude critical elements that might help to answer the re-
search question, the general level of why it is difficult to establish industrial
ecosystems was initially considered. This included exploring what are the eco-
system actors and various links between them, e.g. material flows, information-
al interdependencies, financial flows, interlinked risks, rules and regulations.
More concrete research questions arose as the research progressed. This is also
true for the theories and concepts used for analysing and conceptualising the
generated knowledge - they were used when and for as long as they helped to
answer the question of how to create industrial ecosystems that are sustainable.
In this way they became instruments for generating practical knowledge (Rea-
son, 2003) instead of imposing dualism on the research problem.

In the process of answering the main research question, new, more focused
and rather challenging research questions appeared that included of a multi-
tude of issues (see Figure 4).
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Figure 4. Research questions and the process of their development.

The main ‘how to’ research question and the aim to develop the knowledge
on the business side of industrial ecosystems, which is largely unaddressed in
the literature on industrial ecosystem formation, guided the research through-
out the complex problem-solving. As a result, the latter research questions (RQ
3 and RQ4) addressed the business model of the ecosystem integrator. Taking a
company to become the ecosystem integrator as the focal one made it possible
to develop knowledge that is actionable in business. Thus, after exploring what
needs to be done on a general level in order to create sustainable biogas-for-
traffic ecosystems (RQ1 and RQ2), it was considered that the best way to devel-
op the knowledge that can be applied in practice was to take the perspective of
the implementer replacing the earlier ‘helicopter’ view on ecosystem formation,
where the market and institutions settle the ecosystems ‘automatically’. RQ3
asked how an ecosystem integrator can integrate various actors into a sustain-
able industrial ecosystem and RQ4, in turn, asked how business replication of
local industrial systems can be done by the integrator.

As the new research questions appeared, new theories surfaced as being
the ones that could partly answer the questions and inspire new knowledge
creation. This way replication and modularity studies (Davies and Brady, 2000;
Langlois, 2002; Miller and Elgéard, 1998; Sanchez and Mahoney, 1996; Shilling
and Steensma, 2001) helped to analyse how complex systems can be managed
and replicated while keeping them feasible. Moreover, business model studies
helped in analysing the way new industry logic can be implemented through
business model innovation (Amit and Zott, 2012; Linder and Cantrell, 2000;
Teece, 2010; Zott and Amit, 2010) and how collaboration can be enhanced
by employing more open, boundary-spanning business models (Chesbrough,
2006; 2007; 2010; Wikstrom et al., 2010; 2011). System innovation (Geels, 2002;
2005) and eco-innovation studies (Ceschin, 2013; Loorbach, 2010) were uti-
lised in order to explain the dynamics of biogas-for-traffic solution implemen-
tation and to inspire the way the ecosystem integrator can shape its own envi-
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ronment in order to succeed. An overview of the relevant literature is presented
in Chapter 2 of the extended summary.

1.5. Structure of the thesis
The thesis is structured as follows:

I. Extended summary

II. Papers
The extended summary consists of five chapters:

1. Introduction

2. Literature review
3. Methodology

4. Results

5. Discussion and conclusions

Part I of the thesis summarises the major concepts, definitions, and findings
presented in Papers I-IV and further discusses them in order to present a holis-
tic picture of the research and its contribution. Part II includes three research
papers and one edited book chapter. They are referred to throughout the thesis
as Papers I-IV.

Paper I. Tsvetkova A. and Gustafsson M., 2012. Business Models for Industrial
Ecosystems: A Modular Approach. Journal of Cleaner Production 29-30, pp. 246-
254. DOI: 10.1016/j.jclepro.2012.01.017.

Paper II. Hellstrom M., Tsvetkova A., Gustafsson M., Wikstrom K. Collaboration
mechanisms for business models in distributed energy ecosystems. Submitted to
the Journal of Cleaner Production (1% review round).

Paper II1. Tsvetkova A., Gustafsson M., Wikstrom K., 2014. Business model in-
novation for eco-innovation: developing a boundary-spanning business model of
an ecosystem integrator. In Azevedo, S., Brandenburg, M., Carvalho, H., Cruz-
Machado, V., Eco-innovation and the Development of Business Models: Lessons
from Experience and New Frontiers in Theory and Practice. Greening of Industry
Networks Studies, Vol. II, pp. 221-241. Springer Verlag.

Paper IV. Tsvetkova A., Hellstrom M., Gustafsson M., Sjoblom J., 2014. Replica-
tion of industrial ecosystems: the case of a sustainable biogas-for-traffic solution.
Journal of Cleaner Production, in press. DOI: 10.1016/j.jclepro.2014.08.089.
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@ LITERATURE REVIEW

This chapter reviews the literature in the scientific fields that are relevant to this re-
search. The first field includes studies on sustainability and industrial ecology. The
second field regards innovation in business ecosystems. The third field is manage-
ment of complex systems. The first two research areas are reviewed and discussed
because the thesis aims to contribute to both of them, which is also achieved by
bridging the gap between them. The third field - management of complex systems
- is discussed because it includes a number of theories and concepts, such as func-
tional modularisation and replication of complex systems, which served as instru-
ments in solving the research problem of this thesis.

2.1. Sustainability and industrial ecology

Sustainability

The question of sustainability is central to this thesis because biofuel production
and utilisation are seen as an important part of sustainable development. The fo-
cus is therefore not on the product and its technical characteristics as such, but
rather on the way energy is produced and consumed, so as to prevent resource
depletion. Failing to meet resource needs in the future has drastic implications,
including social instability, inequality, wars, starvation, and stagnation of wealth
production. When this problem became too great to ignore, the notion of sus-
tainable development was introduced and defined as follows:

“Meeting the needs of the present without compromising the ability of future
generations to meet their own needs”

WCED, 1987

The challenge of sustainable development is in the fact that it implies both
conservation and change: thoughtful and reasonable resource expenditure,
responsibility for current actions while sustaining technical progress, wealth
creation, and high quality of life for people. Another critical principle is that
intra-generational equity is as important as inter-generational equity (Anand
and Sen, 2000; UNDP, 1994). The three dimensions or pillars of sustainability:
economic, environmental, and social (Adams, 2006), reflect the need for com-
plex and systemic understanding of society’s development, which is limited by
the fact that human society and economic system are only a sub-system of the
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biosphere (Costanza et al., 1991; Daly, 1991). In general, the notion of sustain-
able development is anthropocentric: the core of it is in ensuring the ability of
humankind to maintain and continuously improve the quality of life for current
generations and generations to come. Various ethical interpretations of this
definition, as well as the choice of a guiding discipline, - economics or ecology,
- evoked the discourse about weak and strong sustainability (Hediger, 1999).

In the view of weak sustainability (Hartwick, 1978; Solow, 1974; 1986), it is
acceptable to replace natural capital (resources and ecosystem services) with man-
made capital as long as the aggregate stock of natural and man-made capital grows
or at least remains the same for future generations (Neumayer, 2010). Such an
approach stresses the economic and social development of society, downgrading
the importance of the natural ecosystems to simply being a resource base. When
the adverse effects of such economic growth have become apparent, for example,
in the form of the climate change, the question of how much the natural capital
is actually substitutable was raised. It was recognised by many scientists and pol-
icy-makers that weak sustainability is not sufficient for sustainable development,
which requires preserving the ecosystem’ overall integrity (WCED, 1987).

The opposing notion of strong sustainability implies that man-made and
natural capital are complimentary, first of all, because society cannot replace or
reproduce certain things provided by the nature (Jain and Jain, 2013; Neumay-
er, 2010). Resource depletion and undermining of ecosystem services in order
to achieve wellbeing of current generation will inevitably limit the opportuni-
ties of future generations to fulfil their needs. Strong sustainability implies that
the total stock of natural capital needs to remain constant over time (Costanza
et al., 1991; Costanza, 1991; Daly, 1991; Pearce et al., 1994), while the provision
of basic needs is a prerequisite for economic development (Hediger, 1999). This
does not imply preservation of every ecosystem everywhere. Rather, it requires
maintaining the integrity and therefore resilience of the natural ecosystem so as
it could adapt to changing conditions (WCED, 1987; Hediger, 1999).

Neumayer (2010) notes that since neither paradigm (weak and strong sus-
tainability) is falsifiable, science cannot provide a reliable answer to which view
is ‘correct} and the choice depends largely on personal beliefs. Hediger (1999)
argues that extreme interpretations of weak and strong sustainability are not
useful for achieving development since limitations either to economic devel-
opment or natural ecosystem preservation will arise. He proposes a combined
framework, which utilises the requirement of growing total aggregate value of
economic activity from weak sustainability and the requirement of protecting
the natural environment (ecosystem capital) as our life-support system. Thus,
he calls for setting basic ecological and economic conditions, such as ecosystem
resilience and basic human needs, while striving to develop beyond these limits.

In this thesis, a refined perspective of strong sustainability similarly to Hedi-
ger’s (1999) view is preferred over weak sustainability when discussing sustain-
able industrial ecosystems due to the following reasons:
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o The effects of substitution of natural for man-made capital implied by weak
sustainability may not be reversible in the long-term (Costanza et al., 1991).

o It is hard to put price on natural capital as implied by weak sustainability
(Hediger, 1999).

» Assessment of ‘substitutability’ of natural capital is limited by the current
level of human knowledge about the world and by the current values, which
may differ from values of future generations (Arias-Maldonado, 2013).

However, admitting the fact that strong sustainability cannot be achieved in
its extreme form (Hediger, 1999), it is crucial to have certain guidance in order
to identify ‘unacceptably high costs” as well as solutions that are sustainable, i.e.
contribute to sustainable development. In the view of strong sustainability, a
sustainable alternative implies an improvement of the generalised productive
capacity of the economy without degrading the overall quality of the environ-
ment (Hediger, 1999). This means that every project has to meet a set of eco-
logical criteria (Costanza, 1991; Daly, 1991). While some approaches propose
frameworks for finding trade-offs between the three dimensions of sustainabil-
ity, others urge for redesigning social systems so as to conform to the goals of
sustainable development in the view of strong sustainability.

Since sustainability is hard to define and propose a form for, there are no
ideal criteria for which solutions or innovations can help in the pursuit of sus-
tainable development (Arias-Maldonado, 2013; Boons and Leudeke-Freund,
2013). In one of the attempts, sustainability was defined with the help of un-
derlying principles (Ny et al., 2006; Robert, 2003; Robert et al., 2002), which
outline system conditions for a sustainable society.

The four principles are part of a larger 5-level Framework for Strategic
Sustainable Development (FSSD), which starts from setting the sustainabil-
ity problem and goes down to the level of concrete actions and tools to assess
sustainability of those actions (The Natural Step, 2014). The main challenge is
outlined with the help of a resource funnel metaphor (see Figure 1), which im-
plies that society’s sustainable development is threatened due to the constantly
increasing demand for resources and ecosystem services and the constantly
decreasing amount of those resources and services. At the second level of the
framework, four system conditions are outlined as follows:

1.In the sustainable society, Nature is not subject to systematically increas-
ing concentrations of substances from the Earth’s crust

2.In the sustainable society, Nature is not subject to systematically increas-
ing concentrations of substances produced by society

3.In the sustainable society, Nature is not subject to systematically increas-
ing degradation by physical means

4.In the sustainable society, people are not subject to conditions that sys-
tematically undermine their capacity to meet their needs.
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The idea behind those principles is in the fact that they are based on the
‘flaws of basic design of our societies’ (Robért, 2003). Eliminating them, it is
possible to revert current development towards sustainable one. An opposite
strategy is based on forecasting and reductionism: attempts to solve problems
as they arise without understanding their roots. The FSSD switches the focus
from “fixing of problems” to strategic re-design (Robert, 2003), and is a coher-
ent framework for guiding sustainability as it contains within it the key con-
cepts of equity, needs and limitations (Hediger, 1999). The use of the word ‘sys-
tematically’ in formulations of the conditions basically gives the mandate to
have a higher rate of natural capital use at some points of time in order to build
sustainable platforms and solutions that will drastically and persistently reduce
the need for natural capital use in the future (Ny et al., 2006).

While the first three system conditions address preservation of natural capi-
tal, the latter condition concerns human and man-made capital. It is important
to note that the modern economy has been criticised for measuring aggregate
wellbeing in purely monetary terms, which misleadingly emphasises consump-
tion sustainability (Jain and Jain, 2013). It was proposed to focus, instead, on
human development that is sustainable, which allows fulfilling lives, i.e. living
without degrading the earth and its capacity to regenerate (Jain and Jain, 2013;
Morse, 2003; Neumayer, 2001; Neumayer, 2012). Within such a paradigm, more
value is ascribed to increasing human and social capital (freedom, knowledge,
education, institutions, life expectancy, etc.) compared to the endless growth of
material man-made capital stock.

Since this thesis focuses on designing sustainable industrial ecosystems, the
first three system conditions defined in the FSSD served as a guideline for the
initial design of a biogas-for-traffic ecosystem (see section 1.2) in terms of its
environmental sustainability. Fulfilment of the fourth condition is seen as the
main focus of this thesis: developing solutions that increase human capital while
not undermining the natural ecosystem’s resilience. The discussion of whether
the focal biogas production and consumption system complies with the system
conditions, i.e. contributes to sustainable development, is presented further in
this section together with reviewing the literature on industrial ecology.

Renewable energy, effective use of resources, recycling, and bio-based econ-
omies are among the trends that are drawing considerable attention from socie-
ty as the means for sustaining development while preserving the natural capital.

Already certain efforts have been made by industrial enterprises to bring
sustainability into their operations. The most apparent activities employed by
companies include: optimisation of their internal operations, energy recovery,
waste minimisation, harmful material substitution, etc. The benefits of such ac-
tivities include cost saving, efficiency increase, and improved reputation. How-
ever, even if certain economic benefits arise from these activities, they con-
stitute only a small part of what ‘sustainable entrepreneurship’ could bring to
companies (Cohen and Winn, 2007). Moreover, for most of them becoming
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‘sustainable’ is still an issue of relationship management, rather than a struc-
tural change in the nature and scope of their business (Adams, 2006).

In academic literature, the discussion concerning ‘sustainable’ business
models has paid much attention to dematerialisation i.e. the switch from prod-
ucts to services (Halme et al., 2004; Halme et al., 2007; Mont 2002; 2004) and
from owning to delivering functionality (Ceschin, 2013). Indeed, new business
models, for example, those based on car sharing and energy use optimisation,
are able to decrease energy and fuel consumption significantly. However, sus-
tainability visionaries (see e.g.: Ehrenfeld, 2008; Jackson, 2009; Welford, 1998)
stress that dematerialisation or reductionism is crucial, but not enough in or-
der to move towards sustainability, and the fundamental roots of unsustainable
production and consumption need to be addressed. In line with this, Korhonen
et al. (2004) emphasise that although eco-efficiency strategies, i.e. ‘producing
more value with less environmental burden, are primarily employed by compa-
nies and promoted by governments, they are not able to produce the required
fundamental changes in the current economic paradigms.

It is generally noted that many ‘eco-innovations’ remain at the incremental
level (Larson, 2000; Wagner and Llerena, 2011), e.g. striving to optimise one-
company production and operations. This leads to ‘sub-optimising’ and com-
pletely ignoring the system perspective, which indeed requires a change (Boons,
2009). In order to fulfil sustainability criteria, incremental, isolated innovation
is not sufficient; current socio-technical systems are incompatible with the goals
of sustainability and therefore they must be redesigned (Ceschin, 2013). Radical
innovation that disrupts current systems is the way to bring new greener tech-
nologies into operation and to restructure the unsustainable modes of produc-
tion. This, however, requires a larger system-wide effort (Boons et al., 2013).

Industrial ecology

The field of industrial ecology is able to provide a certain vision for sustain-
able industrial organisation and structures. One of the main concepts - that of
industrial symbiosis (IS) - is seen as a tool of systemic innovation required for
green growth (OECD, 2010) and as a useful metaphor to promote sustainable
industry restructuring from linear value chains to more cyclical ones. This is
because it emphasises system thinking, increased interdependency, and coop-
eration among business actors (Coté and Cohen-Rosenthal, 1998; Korhonen
et al., 2004; Ristola and Mirata, 2007). The metaphors of IS and industrial eco-
systems are based on the third level of biomimicry of natural ecosystems, as-
suming that industry can deal with waste and regeneration in closed-loop life-
cycles similarly to natural ecosystems (Allenby and Cooper, 1994; Baldwin et
al., 2004; Benyus, 1997; Chertow, 2000; Ehrenfeld, 2000; Geng and Coté, 2002;
Templet, 2004; Wallner, 1999). These researchers emphasise the idea of the
roundput of material and energy inside systems of enterprises that is beneficial
environmentally, economically, and socially. IS has been defined as follows:
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Industrial symbiosis engages traditionally separate entities in a collective ap-
proach to competitive advantage involving physical exchange of materials, en-
ergy, water, and by-products. The keys to industrial symbiosis are collabora-
tion and the synergistic possibilities offered by geographic proximity.

Chertow, 2000: p. 314

As discussed in section 1.1, a distributed way of producing biofuels can
benefit from relying on IS. Firstly, the full benefits of bio-based fuel can be
better realised in attempting to organise fuel consumption close to its produc-
tion (Mirata et al., 2005), i.e. within a local industrial ecosystem. Secondly, in-
creased feasibility can be achieved by utilising by-flows in biofuel production,
thereby leading to higher competitiveness of biofuel against fossil fuels. Ristola
and Mirata (2007) propose that IS has the potential to enhance the technical
and economic viability of small-scale production units, which are pertinent to
the distributed mode of production, and so can make them competitive with
their large-scale, centralised counterparts. Moreover, production and consump-
tion of fuel within a local industrial ecosystem based on efficient material cy-
cling and waste utilisation lead to considerable environmental and economic
improvements not only associated with fuel production industry, but also with
other involved industries: farming, transportation, and waste management (Jo-
hansson et al., 2005; Mirata et al., 2005).

The metaphor of IS provides a systems perspective on environmental issues,
extending approaches that concentrate on individual system components (Coté
and Hall, 1995; Ehrenfeld, 2000; Ehrenfeld and Gertler, 1997; Graedel and Al-
lenby, 1995; Jelinski et al., 1992; Korhonen, 2004; 2007). Nevertheless, it has
been noted that many of the studies focus too much on IS as location-bound
waste and energy exchanges (Korhonen et al., 2004; Lombardi and Laybourn,
2012). In this thesis, however, IS is understood in wider and experience-based
terms, as explicated by Lombardi and Laybourn (2012), who position IS as a
business opportunity and a tool for eco-innovation. The renewed definition has
been articulated as follows:

IS engages diverse organizations in a network to foster eco-innovation and
long-term culture change. Creating and sharing knowledge through the net-
work yields mutually profitable transactions for novel sourcing of required in-
puts, value-added destinations for non-profit outputs, and improved business
and technical processes.

Lombardi and Laybourn, 2012: pp. 31-32

Another critique of the IS concept is that it often stays at the level of incre-
mental changes, striving for cycling of waste and by-flows of the industries ‘as
is, leaving the underlying industry structures intact. This slows down the devel-
opment towards sustainable modes of production (Ristola and Mirata, 2007).
Restructuring of industrial systems in line with IS principles is another task,
both more challenging and more beneficial. To pursue this aim, it is necessary
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to acknowledge that there is a significant social and economic side to IS in ad-
dition to the beauty of the analogy to material and energy cycling in natural
ecosystems (Baas, 2011; Boons et al., 2011; Lambert and Boons, 2002). In line
with this, Posch et al. (2011) propose that the definition and understanding of
IS needs to be improved so as to include economic and business benefits as the
necessary criterion for developing and evaluating IS.

Acknowledging the potential benefits of IS and pursuing the idea that such
an industrial arrangement needs to become more widely adopted, a research
stream within industrial ecology is interested in the way IS can be promoted
and implemented. There are three distinct approaches discussed in the litera-
ture characterising how IS is or can be established among companies (Baas,
2011; Chertow, 2007; Costa and Ferrao, 2010; Co6té and Cohen-Rosenthal,
1998; Desrochers, 2001; Heeres et al., 2004; Korhonen et al., 2004):

- Self-organising approach (or ‘free market evolution” as defined by Ko-
rhonen et al., 2004).

- Planned approach.
- Middle-out approach.

The successful industrial ecosystems, including the IS established in Kalun-
dborg in Denmark and Styria in Austria, were not planned in advance but de-
veloped spontaneously (Coté and Cohen-Rosenthal, 1998; Ehrenfeld and Cher-
tow, 2002; Ehrenfeld and Gertler, 1997; Jacobsen, 2006; Woodard, 2001). As
noted by many researchers, the development of IS was business-driven rather
than an environment-preserving activity (Behera et al., 2012; Chertow, 2007).
Moreover, the involved companies did not see this as IS, but instead perceived
collaboration as a number of bilateral exchanges or cooperation until the es-
sence of what they were doing was ‘uncovered’ as IS (Chertow, 2007). Never-
theless, the question remains whether the successful experience of industrial
ecosystems that have emerged naturally can be reproduced in other locations
(Ehrenfeld and Gertler, 1997; Woodard, 2001).

The second approach is based on centralised planning of industrial ecosys-
tems in the form of eco-industrial parks, which can be defined as “a holistic
community of businesses that cooperate with each other and with the local
community to efficiently share resources (information, materials, energy, in-
frastructure and natural habitat), leading to economic gains, improvements
in environmental quality and equitable enhancement of human resources for
business and the local community” (President’s Council on Sustainable Devel-
opment, 1997). A number of efforts in centralised planning and implementa-
tion of eco-industrial parks has been undertaken mainly in the USA, Canada,
China, and Europe (Chertow, 2000; Coté and Cohen-Rosenthal, 1998; Geng
and Zhao, 2009; Geng et al., 2008; Lowe, 1997; Lowe et al., 1996). Nevertheless,
most of them are unlikely to be perceived as successful (Chertow, 2007; Desro-
chers, 2001; Tudor et al., 2007). Moreover, most of the planned eco-industrial
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parks were subsidised, making their actual feasibility questionable. In line with
this, Elabras Veiga and Magrini (2009) demonstrated in their study that poli-
cies supporting IS turn out as a vulnerability when public and political changes
occur. Comparative studies of planned and spontaneous IS revealed that the
latter approach leads to the development of more resilient systems (Chertow,
2007; Heers et al., 2004), and that the success of planned efforts depends on the
local context (Baas, 2011). The struggle planned IS encounters in order to be
implemented successfully may be explained by the fact that real examples of IS,
which inspired the whole field of industrial ecology, were self-organising and
business-driven (Costa and Ferrio, 2010).

In general, researchers of IS agree upon the fact that the context largely de-
fines the success of industrial ecosystems, leading to a conclusion that instead
of centralised planning the proper conditions need to be created for making the
natural emergence of IS more likely (Chertow, 2007; Mirata, 2005). Thus, the
third approach to development of IS, the middle-out approach (Agarwal, 2011;
Costa and Ferrdo, 2010), implies the development of policies and local condi-
tions that favour and promote networking of industrial actors in the pursuit of
optimising their material and energy streams on a local ecosystem level (Heeres
et al., 2004; Gibbs and Deutz, 2007). Local authorities, research organisations,
policy-makers, and communities become the main drivers of IS in such cases.

At the same time, industrial ecology still remains quite disconnected from
business studies and industrial investments (Coelho and Ruth, 2006; Wood-
ard, 2001), leaving the business side of IS largely under-researched. As some
researcher note, there is a clear need to consider the business model of the eco-
system members, as being the requirement needed for a fundamental shift to-
wards sustainability, rather than only inputs, outputs, or production processes
pertinent to the IS notion (Ehrenfeld, 2007; Hopwood et al., 2005; Lombardi and
Laybourn, 2012). Moreover, the extensive normative research on how IS can be
fostered and supported by governments and NGOs needs to be enriched with
knowledge regarding how industrial actors can effectively create more cyclic and
collaborative industrial arrangements with or without such favourable contexts.

Based on the overview of the literature about IS development, this research
aims to address the call for utilising the potential of IS to drive industrial re-
newal towards cyclic and more sustainable structures instead of focusing solely
on material and energy flow cycling and individual local endeavours.

The biogas-for-traffic case, central to this thesis (see section 1.2), acts as
an example of an industrial arrangement that is based on the metaphor of IS,
where the organic matter is recycled between waste management, farming and
biogas production industries in order to fulfil transportation needs. Follow-
ing the first three system conditions defined in the FSSD, the initial design of
the solution adheres to the principle of preservation of natural capital as re-
quired in the paradigm of strong sustainability and contributes to eliminating
the roots of unsustainability as envisioned in the FSSD:
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» Replacement of diesel and gasoline with a biofuel in local transportation
reduces the need for extracting substances from Earth’s crust (the 1*sys-
tem condition)

 Replacement of fertilisers with a digestate in farming reduces production
of substances produced by society (the 2" system condition)

o Production of biogas from waste materials and hay does not contribute to the
physical degradation of nature or natural processes (the 3™ system condition)

Compliance with the fourth principle, which implies meeting the needs of
current and future generations, is contained in the fact that such a local indus-
trial ecosystem allows fulfilling certain society needs such as transportation, food
production and safe utilisation of organic waste, if successful. Drawing special
attention to biogas as a product, replacement of fossil fuels with a locally pro-
duced biofuel is bound to have positive environmental effects (Lantz et al., 2007).
However, in this thesis, the biogas-for-traffic solution is seen as a system that
abandons practices that have led to unsustainability, while still fulfilling a num-
ber of social and economic needs. Similarly to the idea of functional economy
(Ceschin, 2014), such an approach to measuring the economic value declares that
the wealth creation and monetary gains are only an intermediary for fulfilling
human aspiration for wellbeing, but not the end in itself. The more valuable out-
comes of the focal solution include the creation of local jobs, ensuring of public
transportation function, mobility, food supply and safe waste management.

However, it is crucial to admit that economic sustainability is a critical part
of the fourth system condition. If an environmentally sustainable production
mode cannot compete with fossil fuel economy, i.e. cannot persistently fulfil the
needs and create the social capital named above, then such a solution cannot
be called truly sustainable. Even disregarding the competition with fossil fuel
economy, it is preferable that a new system is self-sustaining economically, i.e.
profitable. Indeed, sustainable solutions can be financed through, for example,
taxes, but the evidence shows that this proves to be a weakness of the solution
in turbulent times (Elabras Veiga and Magrini, 2009). The aim of this thesis is to
contribute to exploring how sustainable solutions can be designed that are not
only strong in the environmental dimensions (Conditions 1-3 of the FSSD), but
are also able to endure in fulfilling the last, but not the least, system condition.

This is achieved by specifically addressing the feasibility and the business
side of industrial ecosystems, strongly embedding economic sustainability into
the design of industrial ecosystems, as well as by considering business models
of the involved actors required for the industry renewal.

2.2. Innovation in business ecosystems

Innovations that require a shift within larger socio-technical systems rather than
only the introduction of a new product onto the market can be called ‘system
innovations’ and are widely discussed in the literature on general innovation
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(Geels, 2005) and eco-innovation in particular (Loorbach, 2010). The inter-
est in the systems surrounding innovations is based on the understanding that
a new technology (a product, a service or a combination of those) needs to be
embedded into a complex ‘landscape’ comprised of social, regulative, economic
and infrastructural factors, which are often established for or along with other
technologies, creating a ‘lock in’ in the currently prevailing technological regimes
that is difficult to break (Geels, 2002; 2005; Nelson and Winter, 1982; Rip and
Kemp, 1998; Sartorius, 2006). Moreover, to reach sustainability certain products
or services need to be introduced together with a complex socio-technical system
surrounding it, because a product or service cannot be called sustainable as such;
it is only sustainable within such a system and context (Gaziulusoy et al., 2013).

The necessity to build or reconfigure the socio-technical system when rad-
ical innovations are introduced (Geels, 2002; 2005) goes hand in hand with
the need for creating functioning industrial ecosystems when sustainable bio-
fuels are produced.

Geels (2005) argues that companies are not able to affect the larger land-
scape, and the way to move from a niche to establishing a new socio-technical
regime is through ‘windows of opportunity’ that open up when the pressures
from the landscape developments affect the currently prevailing socio-technical
regimes. This thesis is based on the idea that while certain windows of oppor-
tunity, such as rising prices for fossil fuels, are able to foster the use of biogas
as traffic fuel, the biogas company also needs to create those windows of op-
portunity by actively trying to shape the business landscape (Ceschin, 2013). In
line with this, the recent research in management and business studies touches
upon the same phenomenon of companies’ embeddedness in large business
ecosystems and discusses the way they need to adapt to and attempt to shape
them (Gulati et al., 2012; Iansiti and Levien, 2004; den Ouden, 2012;). Moore
(1996) defines a business ecosystem as follows:

An economic community supported by a foundation of interacting organiza-
tions and individuals - the organisms of the business world. This economic
community produces goods and services of value to customers, who are them-
selves members of the ecosystem. The member organisms also include sup-
pliers, lead producers, competitors, and other stakeholders. Over time, they
coevolve their capabilities and roles, and tend to align themselves with the
directions set by one or more central companies. Those companies holding
leadership roles may change over time, but the function of ecosystem leader is
valued by the community because it enables members to move toward shared
visions to align their investments, and to find mutually supportive roles.

Moore, 1996: p. 26

Based on the discussion in the previous section, development of industrial
ecosystems for biogas production needs to address not only the material and
energy exchanges, but a larger context that defines feasibility and resilience of a
business organised using IS principles.
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Business model innovation is known for being able to reach the goals of re-de-
signing whole business ecosystems (Chesbrough, 2010; Zott and Amit, 2010) and
is discussed in this thesis as the vehicle for creating sustainable industrial ecosys-
tem for biogas-for-traffic industry. Since business models are concerned with the
outcome, the implementation, and the tactics of strategies (Casadesus-Masanell
and Ricart, 2010), they can serve as a tool for implementing a radical system in-
novation such as the one required for the focal biogas-for-traffic solution.

Business models are often conceived as devices that describe how companies
create and capture value from innovations (Amit and Zott, 2001; Chesbrough
and Rosenbloom, 2002). The research on business models has so far focused on
the firm as the unit of analysis, although an increasing stream of research has
suggested that both innovation and competitive advantage lie in the relation-
ships a firm has (Dyer and Singh, 1998; Powell et al., 1996) and that value is,
essentially, co-produced or co-created (Lusch and Vargo, 2006; Prahalad and
Ramaswamy, 2004; Ramirez, 1999). It has further been argued that competi-
tive advantage not only resides in a specialised supply base (Dyer, 1996; Jarillo,
1988), but must be understood as a result of the various organisations being
embedded in a network of inter- and intra-organisational relationships (Echols
and Tsai, 2005; Ghoshal and Bartlett, 1990; Gulati, 1998; Gulati et al., 2000).

The concept of business models is widely used nowadays and a significant
number of interpretations have been proposed for business models. In simple
terms, these models are “stories that explain how enterprises work” (Magretta,
2002). More concretely, the role of a business model is to define “the manner by
which the enterprise delivers value to customers, entices customers to pay for
value, and converts those payments to profit” (Teece, 2010: p. 172). Researchers
have proposed different frameworks for describing business models, consist-
ing of certain elements, but the two components that appear in most writings
in one or another form are value proposition and value capturing or revenue
model (Afuah and Tucci, 2001; Chesbrough and Rosenbloom, 2000; Linder
and Cantrell, 2000; Teece, 2010; Weill and Vitale, 2001; Wikstrom et al., 2010).
However, these elements of the business model have the power of analysis only
in connection with the elements which capture the transactions with external
actors, most importantly customers (Zott and Amit, 2008). Capabilities define
how companies deliver the promised value to the customer, and a cost structure
largely affects the value capturing and profitability of a business (Afuah and
Tucci, 2001; Halme et al., 2007; Osterwalder et al., 2005).

The major reason that the business model concept is used in this thesis, is the
fact that it depicts the way companies do their business in general (their value pro-
posal, earning logic, and cost structure), the way they innovate, and what differen-
tiates them from their competitors. However, only a limited number of business
models elements are used as an analytical framework. The choice is limited to those
elements and components that help capture the innovation and change process
within one company when whole business ecosystems are being restructured.
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As discussed earlier, the research on how IS can be implemented lacks the
perspective of a company level. The concept of the business model is compre-
hensive and allows understanding innovation and transition from this per-
spective. Moreover, business models can be seen as the building blocks of any
industry, as the decision-making remains largely on a company level. By ad-
dressing the business models of the companies as part of the industrial ecosys-
tem in focus - the biogas-for-traffic solution - it is possible to drive the change
towards ecosystem development. What is apparent is that a change in business
models is required in order to incorporate the system thinking and symbiotic
relationships that are pertinent to IS.

The capability to implement such changes is directly connected to the no-
tion of open or boundary-spanning business models (Chesbrough, 2006;
Chesbrough, 2007; Wikstrom et al., 2011). In order to organise symbiotic re-
lationships among various actors from disconnected industries, it is crucial to
understand that these actors are usually already well-established and operating
businesses in their own specific sectors with their own business logic and value
chains and are unaccustomed to working in a system (Gustafsson et al., 2011;
Lambert and Boons, 2002). The enrolment into an industrial ecosystem for bio-
fuel production may be outside the vertical scope of their ordinary value chain
if, for example, they are supplying a by-product or waste for biofuel production.
The physical proximity of such business actors, i.e. operations within one com-
munity or region, makes their cooperation easier to establish due to the pos-
sibility of personal networking (Ristola and Mirata, 2007). However, it does not
abolish the fact that they lack the capabilities to cooperate within an ecosystem
for biofuel production in an industrial sense.

Boundary-spanning business models have been conceptualised by Wik-
strom et al. (2010) as business models which enable participating firms to act
as equal partners with different responsibilities in the value chain and with
separate strategies and capabilities, while still working for a common invest-
ment objective. Boundary-spanning business models take a broader business
view and can be interpreted as a strategic aim drawing on the different actors’
joint strengths in order to achieve long-term value for the investment. These
business models are typically used when there is a high degree of uncertainty
stemming from the external environment. Thus, this notion corresponds with
the need to align ecosystem actors in order to create system value in the highly
uncertain context of IS.

2.3. Development of complex systems

Industrial ecosystems are complex systems that aim at creating benefits, im-
proving efficiency and effectiveness, which goes beyond the pursuit of improve-
ments in individual industrial units (Mirata, 2004; Ristola and Mirata, 2007).
That is, they can be perceived as complex systems since they are “made up of a
large number of parts that interact in a nonsimple way” (Simon, 1962: p. 468)
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and the whole is more than the sum of the elements in a pragmatic sense. In
order to address the structure and development of complex systems such as the
ecosystems focussed on in this thesis, the relevant literature on management of
complex systems was studied.

Returning to the topic of sustainable modes of production and industrial
ecology, there is the need to build multiple industrial ecosystems in many lo-
cations, integrating local partners. In line with that, Chertow and Ehrenfeld
(2012) have acknowledged that the development of a single local material ex-
change network is only the first stage in the development of IS, while institu-
tionalisation of such industrial organisation requires extending the knowledge
across the region. At a higher level, there is a need to ensure integration in the
business ecosystem required for a restructured biofuel industry. As a result, the
major issues related to the development of complex systems that are relevant
for this study include a replication of systems while adjusting to local condi-
tions and integration within those systems. Two scientific domains appeared
to be useful for solving these challenges: modularity in complex systems and
replication of complex systems. Keeping the focus on the business side of the
development of industrial ecosystems, the way in which modularity could aid
business replication of ecosystems was explored.

2.3.1. Modularity

Modularisation implies decomposition of complex systems into building blocks
or modules with specified interfaces. This division into modules can be defined
by technical reasons, as has been seen in the case of product modularisation.
Another definition of modularity, proposed by Schilling (2000) defines modu-
larity as a general systems concept, which describes “the degree to which a sys-
tem’s components can be separated and recombined” (Schilling, 2000: p. 312).
In this respect modularisation has a strong connection with the idea of mass-
customisation (Davis, 1987; Pine, 1993), which is a strategy striving to enable
a high, but restricted variety by mixing and compiling a limited number of
standardised components or modules (Hellstréom, 2005).

The drivers behind modularity are the reduction of system complexity, crea-
tion of variety and utilisation of similarities, and the need for balancing cus-
tomisation and standardisation (Hellstrom, 2005; Lampel and Mintzberg, 1996;
Miller and Elgard, 1998). The research on modularity has expanded from prod-
uct modularisation to explaining its effects on the organisation of businesses,
business networks, and whole industries in terms of knowledge management
and innovation (Langlois, 2002; Langlois and Robertson, 1992; Sanchez and
Mahoney, 1996; Schilling and Steensma, 2001).

As discussed earlier, a certain level of customisation is required for indus-
trial ecosystems to be adjusted to local conditions efficiently. Local variance is
a normal problem for distributed systems and is a key challenge in large-scale
implementation of distributed systems. In order to achieve local fit and func-

25



tionality the solution has to be tailored, which increases costs and reduces prof-
itability. Economies of scale achieved through standardisation are one possible
solution to control the costs and reduce the need for a system fit. At the same
time, complete standardisation would minimise the benefits provided by dis-
tributed systems, since potential local opportunities might be overlooked and
poor integration of the solution into the local environment could result in its
failure. Therefore, it is necessary to balance between customisation and stand-
ardisation. In order to address these challenges, Hellstrom (2005) proposes
functional modularisation and mass customisation not just based on physical
units, but utilising a more functional perspective.

When such a functional modularisation approach is applied to industrial
ecosystems, businesses or companies can be viewed as modules because they
are already viable by themselves as established businesses. As in the empirical
case of the biogas production system, all the businesses already exist and have
required resources to develop an industrial ecosystem together. In line with
Simon’s (1962) idea that system partitioning into more elementary details de-
pends on the purpose of looking at the system, all the businesses can be defined
as modules in a complex ecosystem. It is also recognised that business models
and the businesses of the involved actors as such consist of even smaller parts
and are complex subsystems in themselves.

Such modules are the elements that form a whole, i.e. an industrial eco-
system, and can be replaced by other modules with the same function. The
functions of the modules are the aggregative properties (Simon, 1962) of the
businesses that constitute interest in the context of an industrial ecosystem, and
which help to describe the interactions among the modules.

Industrial ecosystems are complex systems that are nearly decomposable be-
cause the interaction among the subsystems or modules is fairly weak. In nearly
decomposable systems “the short-run behaviour of each of the component sub-
systems is approximately independent of the short-run behaviour of the other
components” and “in the long run, the behaviour of any one of the components
depends in only an aggregate way on the behaviour of the other components”
(Simon, 1962: p. 474). Similarly, business actors within an industrial ecosystem
are relatively independent in the short term and can only be influenced if other
businesses create changes in their functions in the ecosystem.

A rather weak interdependency among the modules, i.e. businesses, in an
industrial ecosystem can have the positive effect of stabilising the system and
making it dynamically resilient. Simple subsystems that have stability evolve
into hierarchic systems much faster than complex systems that are “assembled”
from separate relatively small elements at once (Simon, 1962). Therefore, by
combining already established businesses with minor adjustments it is possible
to create industrial ecosystems faster and in a more sustainable manner.

The use of modularity for mass customisation is able to reduce the com-
plexity of various systems through creating variety and utilisation of similari-
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ties (Hellstrom, 2005; Lampel and Mintzberg, 1996; Miller and Elgard, 1998).
Industrial ecosystems, being complex systems comprised of material flows,
businesses, regulations, etc. can likewise benefit from applying this approach.
Although the possible composition of an industrial ecosystem for biofuel pro-
duction varies from location to location, from a functional perspective this
variance is limited. For instance, there are a limited number of alternatives for
biogas utilisation and for biomass supply. Thus, the functions in such an indus-
trial ecosystem are more or less standard, while different businesses can serve
these functions depending on the location.

Another benefit of modularity is that it can provide both flexibility and
structure (Hellstrom and Wikstrém, 2005; Sanchez and Mahoney, 1996). In
businesses that incline to mass customisation rather than mass production,
flexibility in the business model can be reached through defining interchange-
able modules that can be re-combined in order to fit any particular solution as
regards the local conditions. Thus, modularity is seen in this thesis as the pre-
requisite for replication of industrial ecosystems.

2.3.2. Replication

The success of 20th century industrial activity is undoubtedly at least partly a
result of the conscious pursuit of economies of scale (Chandler, 1990). The sim-
ple logic that the more you make of something, the cheaper you can make it, or
put differently, the more standardised the things we make the cheaper they be-
come, revolutionised industrial production. According to Mirata et al. (2005),
this logic has led to the dynamics that undermine sustainability.

Capital goods, in turn, such as raw material process plants, have relied on
a logic where characteristics of raw materials are explored and the capacity of
the plants is set to meet the expected demand (at a certain point in time). As a
result, the outcomes are customised designs and more or less unique projects.
This is not a problem for large plants, but for smaller ones it is likely to be a
problem as the revenues cannot bear the cost of customisation. For companies
delivering small capital goods, such an operating model becomes inefficient
(Magnusson et al., 2005). Not everything has to be unique. Lampel and Mint-
zberg (1996) express the central idea of this standpoint in the following way:

...customization and standardization do not define alternative models of stra-
tegic action but, rather, poles of a continuum of real-world strategies.

Lampel and Mintzberg, 1996: p. 21

Capital goods companies, too, strive to standardise their products and reuse
their designs. As firms deliver more similar projects they can achieve so-called
“economies of repetition” putting in place organisational changes, routines, and
learning processes (Davies and Brady, 2000). As capital goods projects include
much more than mere products (goods, hardware), a suitable goal would be to
be able to deliver entire “repeatable solutions” (Davies and Brady, 2000).
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A pursuit of “economies of repetition” opens up an opportunity for replica-
tion, a strategy that is often associated with firms such as McDonald’s or IKEA and
entails the creation and replication of a business format (Jonsson and Foss, 2011;
Winter and Szulanski, 2001). Replication is, however, far more than the standardi-
sation and exploitation of a business model. Winter and Szulanski (2001) argue
that it is a specific type of strategy that, in addition to an exploitation regime, also
involves a subtle exploration phase of business model development.

While some technically fairly complex technologies, such as semi-conductor
manufacturing equipment need to be copied exactly to enable the execution
of a replication strategy (MacDonald, 1998), other cases require a more adap-
tive approach. Jonsson and Foss (2011) found that IKEA’s success in replicat-
ing their business format to various international locations partly lies in the
flexibility of their approach. The authors stress the organisational support for
key elements such as an on-going learning process, frequent modifications, and
local adaptation.

As Ruuska and Brady (2011) note, replication literature is scarce on cases in
which replication is complex. They illustrate the difficulty of pursuing such a
strategy in uncertain and complex investment projects such as the design and
construction of renewable diesel refineries, where the underlying technology is
still immature causing frequent design modification during the implementation
phase. In the special case of complex products and systems (large-scale high-cost
capital goods), Brady and Davies (2004) argue that at the core of repeatable solu-
tions lies a base moving, “vanguard” project that triggers a process of project and
organisational capability building. In their project capability building model the
firm moves from the exploratory project-led exploratory learning to business-led
learning where the developed capabilities are exploited in repeated projects.

Lampel and Mintzberg (1996) have identified three areas in industrial pro-
duction that can be standardised or customised: the product itself, the working
processes, and the transactions. Transactions lie at the core of business model
design (Zott and Amit, 2007). However, in the case of the biogas industry it is
crucial to consider the entire industrial ecosystem around the biogas produc-
tion facility, rather than design and replication of a single firm’s business model.
Indeed, it is vital to consider transactions that span traditional firm boundaries
and develop the business models and replication strategies accordingly.

2.4. Theory synthesis

This section synthesises the theoretical perspectives adopted in the thesis,
which are discussed in Chapter 2, and their relevance to the research process
and outcomes. In general, this research aims to bridge a gap between the fields
of industrial ecology and business studies, which has been articulated earlier
(Coelho and Ruth, 2006; Lombardi and Laybourn, 2012; Woodard, 2001). As
Ehrenfeld (2001: p. 871) put it, in the term ‘industrial ecology’, the ‘industrial’
part of the metaphor is as crucial as ‘ecology’ part.

28



Further, by striving to produce actionable knowledge on how more sustain-
able industry structures can be developed, it attempts to bridge another gap
— between theory and practice (Harper and Graedel, 2004). The relation of vari-
ous concepts and theories utilised in this thesis is visualised in Figure 5.
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Figure 5. Synthesis of theoretical insights utilised in the thesis.

The first main theoretical domain - studies in industrial ecology - served
to inspire and inform the process of answering the main research question.
That is, the initial vision of a sustainable biogas-for-traffic ecosystem was cre-
ated based on the ideas of IS (Chertow, 2000; Korhonen, 2004; Mirata, 2005)
and local distributed production (Johansson et al., 2005; Mirata et al., 2005).
Further, existing studies helped to identify the challenges industrial ecosystem
formation faces and the successful practices that have been applied in order to
overcome them. However, existing explanatory knowledge was not sufficient
to produce the normative models and prescriptive knowledge for driving the
change in the biogas-for-traffic industry towards symbiotic and distributed
structure. The reason for this was considered to be the scarce attention given
to the business side of the development of industrial ecosystems. Thus, this re-
search was expected to contribute to the research field by generating prescrip-
tive knowledge on how a business ecosystem can be created in order to enable
the envisioned biogas-for-traffic industry structure.
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The second domain of business studies is represented in the study by adopt-
ing a business ecosystem perspective on creating a resilient and sustainable
biogas-for-traffic ecosystem. The development of such an ecosystem is studied
through addressing multiple ecosystem business models and by especially fo-
cusing on the way the business model of an ecosystem integrator can reshape
the business ecosystem and establish the links between the business models of
other ecosystem actors. The focus on innovation (den Ouden, 2012; Gaziulusoy
et al., 2013; Geels, 2005; Jacobides et al., 2006) and particularly business model
innovation (Amit and Zott, 2010; Chesbrough, 2010) becomes crucial in devel-
oping resilient ecosystems involving traditionally unconnected industries.

Finally, studies on the development of complex systems were examined in
order to assist in developing sustainable industrial ecosystems in a reliable and
feasible manner. Insights into functional modularisation and replication, which
were not previously applied to such complex settings (Ruuska and Brady, 2011),
were explored in order to help in developing a feasible replication strategy for
developing multiple local industrial ecosystems.
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® METHODOLOGY

This chapter presents the methodology employed in this research. The explana-
tion of the research process and timeline is followed by a deeper description of
the main methodological standpoints and approaches utilised in this thesis. The
explanations are complemented by real-life examples from the research process.
This is followed by a discussion concerning the validity, quality, and relevance of
the produced knowledge.

I seek a philosophy that I don’t have to leave behind in the study.
Ruth Anna Putnam

3.1. Research approach

In order to answer the research question of how sustainable industrial ecosys-
tems for biogas production and utilisation can be developed there were two
options. The first and more obvious one would be post-observation of existing
industrial ecosystems, for example, those developed in Sweden, where biogas is
widely used as traffic fuel. The second was to become engaged in the develop-
ment of an ecosystem, which is still to be established in the focal location. The
implications of choosing one or other alternatives were quite different: while
in the former case it would be possible to see the resultant ecosystem and even
assess whether it is successful, in the latter case this would be impossible, in
a traditional sense. The nature of research would also be drastically different.
In the first alternative, when making post-observation, it would be possible to
interview the relevant stakeholders operating in the ecosystem and even those
people who took part in its early development. The data collected would in-
clude the challenges that appeared during the ecosystem formation and the
way they were solved. It would be logical to assume that the analysis of such
data would lead to a discovery of the laws that define how ecosystems could
be successfully developed in other locations through induction. Such an ap-
proach would reflect the ontology and epistemology pertinent to the positivist
model of science. This model implies that the world exists a priori as a unified
and causally ordered system, which can be logically represented with laws ap-
plicable regardless of meanings and values that humans may give to the terms
of such laws (Susman and Evered, 1978).
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However, since “organisations are artefacts created by human beings to serve
their ends” (Susman and Evered, 1978: p. 584), the search for universal laws
beyond human cognition and values within organisational science would mean
accepting the fact that development of our society is presupposed by nature
(Putnam, 1987). This statement fundamentally contradicts the purpose of this
study namely to research how more sustainable industrial organisations can
transpire: the basic assumption in this thesis is that since people create organisa-
tions and industry structures, they are able to shape them into more sustainable
modes that would help avoid ‘running into the wall’ Thus, a more participatory
research approach is required.

The quality of the knowledge striven for in this research was different com-
pared to the knowledge produced in a positivistic model of science. Based on
the motivations for this research discussed in section 1.3, the goal was to create
prescriptive knowledge on ecosystem development, which is actionable and ho-
listic. The main reasons for this included the following:

o Focus on the future: in the pursuit of creating a more sustainable industrial
organisation, research of what exists cannot provide the knowledge about
what actions are appropriate for problem-solving in new challenging situa-
tions (Mirata, 2005; Putnam, 1987; Susman and Evered, 1978).

o Complex and ill-defined research problem: as was mentioned previously, the
target ecosystem was not pre-designed, thereby posing not only the ques-
tion of ‘how to solve the problem?’ but also that of ‘what is the problem?’

o Need for change: the purpose of the study was also to trigger change in an
industrial organisation towards more sustainable structures by generating
knowledge capable of inflicting actions. Moreover, the knowledge on how
change is triggered was an expected research outcome.

o Concrete practical problem: in the focal location, the introduction of biogas
as traffic fuel faced a number of challenges specific to the context: institu-
tional rigidity, market uncertainty, organisational passiveness, and a need
for inter-organisational cooperation. The way these challenges could be
overcome in order for the organisations to work as one sustainable ecosys-
tem was still to be discovered.

Based on the outlined characteristics, there was a need to employ a research
approach that would allow the diagnosing of current problems, envisioning tar-
get solutions and developing knowledge on how to turn the current situation
into a desired one, which would be actionable for the respective agents. This,
in turn, required constructive, experiential, and collaborative research. Return-
ing to the second alternative, i.e. participation in the ecosystem development,
direct engagement in creating the solution promised real-time and rich data for
creating the prescriptive knowledge. As a result, the author became involved in
the projects and on-going research at PBI Research Institute in order to explore
‘from the inside’ how ecosystems are created.
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The PBI Research Institute is an organisation that strives to conduct re-
search in close cooperation with industry while retaining an academic perspec-
tive on the studied issues (PBI Research Institute, 2014). The methodological
approach employed at PBI is not only based on the co-creation of research re-
sults with industrial companies and other stakeholders, but is also based on
providing a critical outlook on current unsustainable management practices
as well as proposing solutions for them. Such methodology, based on involve-
ment of business actors, allows for accessing rich data while producing and
constantly validating the relevance of that knowledge. At the same time, focus
on the academic side of the research ensures production of knowledge that can
be generally applied to solving management problems and improving society
beyond the networks of collaborating companies.

By engaging in projects where the industrial companies and other stake-
holders were the clients, the author was doing clinical research (Schein, 1995;
2008). Clinical research, being one of the approaches of wider action research
tradition (Argyris et al., 1987; Coghlan, 2011; Eden, and Huxham, 1996; Elden
and Chisholm, 1993; Lewin, 1946; 1947; Reason, 2003), builds on the idea of
engaging in research activities that are based on the needs of organisations
and co-create solutions in collaboration with those organisations. It allows not
only the accessing of sensitive contexts, but also ensures commitment of the
research participants to co-create valid knowledge (Coget, 2009; Schein, 1993).
The validity and, what is more important, the relevance and actionability of the
produced knowledge are ensured by studying social systems ‘as they react to
experimental manipulation’ (Clark, 1980).

While the clinical research paradigm (described in detail below in section
3.3.1) explains the process of engaging in dialogue with practitioners and the
motivation to do so, the actual knowledge production process occurs along
with the design science research paradigm (in future referred to as DSR). DSR,
opposed to explanatory and descriptive modes of research, uses target systems
when defining the initial situation and urges people towards thinking how the
system could be made to work (Romme, 2003). The main outcomes of such re-
search include the design proposition, i.e. the desired outcome and the knowl-
edge on how to achieve it (Romme, 2003) that can be transferrable to other
similar contexts. Such actionable knowledge is able to support and motivate
practitioners for actions in order to achieve the desired goal. This is in contrast
to purely explanatory knowledge, which strives to answer the question ‘how to’
by establishing general cause and effect rules or laws, and extrapolating from
them the future. The difference between the three main modes of research and
the knowledge produced within them is demonstrated in Table 1. DSR is rel-
evant for solving research problems, where the underlying laws are not discov-
erable or are irrelevant. The design orientation is not only appropriate when
trying to answer the question of how to develop complex systems, but is also
necessary when attempting to reach more sustainable modes of production.
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That is, industrial and business ecosystems need to be designed to be sustain-
able rather than only followed in their evolution (Ehrenfeld, 2008).

The focus on reaching a meaningful design proposition in DSR is closely re-
lated to the focus on change in clinical research, as the change is unreasonable
without the view of a target solution. Therefore, DSR was employed in order to
contribute to the needs of clinical research in developing the solution to clini-
cal and larger sustainability problems and answering the ‘how to’ question. This
way the traditional focus of action research approaches on producing critical
knowledge (Lewin, 1947) is relocated to producing actionable knowledge. This
is achieved by admitting that the solution or target system cannot be developed
merely by addressing current problems, but rather by actively creating them
when introducing new artefacts and by eliminating the incompatibilities in the

current situation with a vision of the future.

Table 1. Comparison of the three modes of research?

Science

Humanities

Design

Purpose

Understand phenomena
by uncovering causalities,
patterns and forces that
underlie this phenomena

Describe, understand
and critically reflect on
the human experience of
phenomena

Produce the systems that
do not exist yet, i.e. change
the existing situations into
desired ones

View of knowledge

Representational:

- our knowledge repre-
sents the world as it is;

- nature of thinking is
descriptive and analytic

Constructivist and narrative:

- all the knowledge arises
from what actors think
and say about the world;

- nature of thinking is criti-
cal and reflexive

Pragmatic:

- knowledge is in service of
action;

- nature of thinking is norma-
tive and synthetic

Produced knowledge

Explanatory

Descriptive

Prescriptive (actionable)

Examples of
scientific domains

Natural science

(physics, mathematics,
biology)

Humanities

(history, hermeneutics,
literature)

Design and engineering based
upon diagnosis

(engineering, medicine, archi-
tecture, computer science)

Focus of theory
development

Discovery of general caus-
al relationships among
variables (expressed in
hypothetical statements):
Is the hypothesis valid?
Conclusions stay within
the boundaries of the
analysis

Key question is whether a
certain (category of) human
experience(s) in an organi-
zational setting is “good”,
“fair’, etc.

Does an integrated set of
design propositions work in a
certain ill-defined situation?
The design and development
of new artefact tends to move
outside boundaries of initial
definition of the situation

Metaphor

Life understood backwards

Life lived forward

*Based on Romme (2003) and Weick (2003)
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3.2. Research background and timeline

In practice, the research was conducted by participating in three consecutive
and partly overlapping projects during 2010-2013 (see Figure 6 for timeline).
The general aim of these projects was to design a solution for a local industrial
ecosystem that would allow the utilisation of biogas as a traffic fuel in the focal
municipality, and to plan its implementation together with the key stakeholders
that were identified during the research process.

The first project, Project “Pre-design”, was devoted to developing the initial
design of the industrial ecosystem required for sustainable production and uti-
lisation of biogas in public traffic within a Finnish municipality. The municipal
authority was the client in this project. The practical outcome of the research
was the initial design of the target ecosystem, identification of critical actors,
the roles and responsibilities of the actors within the ecosystem, and a feasibil-
ity assessment of biogas-for-traffic business in the municipality.

Solving challenges

2009 2010 2011 2012 2013  (2014)
Literature studies l Industrial ecology and business studies >
i Implementation
Participation in projects Challenges i E
Solution development ‘-'| Initial design : Implementation plan

[ Diagnosis >

Knowledge production [ Envisioning outcome >
[ Normative models >
i : | Paper 11 |
Papers E Paper | | ! | Paper III |
i i : | Paper IV |

Figure 6. Research timeline.
A few months after the first project, Project “Challenges” was started as a

study of the potential for sustainable bio-economic solutions in Finland, where
the biogas-for-traffic case from Project “Pre-design” was one of the focal cases.
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During this project, general challenges and pre-requisites for building sustain-
able biofuel industry based on ecosystem thinking were explored. Since both
projects were carried out almost in parallel, it was possible to simultaneously
take a broader outlook at challenges for developing industrial ecosystem within
the country and also specifically focus on the municipality studied in Project
“Pre-design” (from now on referred to as ‘focal municipality’). The choice of
participating in these projects was only partly defined by accessibility: the re-
searcher team, as action researchers, actively ‘shaped the problematic context’,
thereby influencing the continuation of the research together with the prac-
titioners. Since all three projects were devoted to establishing the focal eco-
system, it allowed a deep and longitudinal involvement to be achieved in the
solution development.

During these two projects, contact with a number of stakeholders was estab-
lished in order to identify the potential stakeholders in the industrial ecosys-
tem, discuss challenges for building such an ecosystem, and obtain the stake-
holders’” input into the ecosystem design. In total, around 15 organisations that
would form the biogas-for-traffic business ecosystem were involved into an on-
going dialogue. The list of discussions within projects “Pre-design” and “Chal-
lenges” specify the positions of the representatives that were contacted, and can
be found in Appendices A and B correspondingly. It is important to note, how-
ever, that these initial discussions as such were not the only and major source
of data for this research. Rather, they served as the way to establish collabora-
tion with relevant actors so as further to continue exchanging information in
various ways: through meetings, emails, telephone conversations, etc.

One year after Project “Pre-design” and Project “Challenges” were finalised,
Project “Implementation” started. The latter project was devoted to a detailed
design and development of an implementation plan for the industrial ecosys-
tem in the focal location and was a logical continuation of Project “Pre-design”
This time, the focal municipal authority was not officially the client, but it par-
ticipated in the steering group for the project and actively collaborated with
the researchers and other stakeholders in order to develop the solution. The
focus of this project was on developing the business model of the company that
had to be established in order to integrate the ecosystem. The reason for focus-
ing on a certain company and its business model was that after the research
completed in Projects “Pre-design” and “Challenges” it appeared that an inte-
grating company would be the key to implementing and operating the biogas
ecosystem envisioned earlier. This is an example of how in a clinical inquiry the
development of solutions to initial problems creates new research problems to
be solved (Coghlan, 2000; Schein, 1995; Schon, 1995), leading to a constantly
evolving research problem.

Throughout the three projects, collaboration with potential actors in the
target ecosystem was initiated through various modes of communication. The
number of actors amounted to almost 60 organisations, which included:
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« Biogas producers

« Biogas and natural gas distributors

o Other fuel distributing companies

o Farmers and their representatives

» Waste management companies (including wastewater treatment)
« Suppliers of gas-driven vehicles

o Research organisations (research in farming, transportation, etc.)

o Various departments of focal municipality authorities (environmental,
transport, waste management), which represented the citizens

« Relevant state-level governmental and non-governmental authorities
« Funding and investment organisations

» Equipment and facility suppliers (biogas treatment, distribution)

o Fuel users (transportation, delivery, waste management companies)

o Companies and municipalities that consume biogas in Sweden (for bench-
marking and experience sharing purposes)

Collaboration with the listed actors was initiated and developed during
the research process by holding a number of face-to-face meetings, joint
workshops, telephone conversations, and email conversations. Certain or-
ganisations were contacted more than once and in each of the three projects
due to the iterative and collaborative character of research. Therefore, as the
design proposition for the target industrial ecosystem evolved, more discus-
sions with the same stakeholders were required in order to validate, test, and
improve the design. The timeline of documented communications with vari-
ous actors is presented in Appendix C. More communications through phone
calls and emails took place during project “Implementation”, which are not
reflected in Appendix C.

Since the author participated in the projects together with other team mem-
bers from PBI, not all the interviews and communication acts were performed
by the author. However, proper documentation of interviews and thorough
discussion of new critical issues that surfaced during informal communication
within the research team allowed the author to be constantly involved in solu-
tion design. Thus, the project research results were co-created together with
the author’s colleagues from PBI and informed by the stakeholders mentioned
earlier. The author’s contribution was in participating in the development of
practical solution thereby facilitating the change process along with other re-
searchers. However, scientifically, the contribution was to develop the action-
able knowledge and later conceptualise it in the form of four research papers
and this thesis.
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3.3. Research process
3.3.1. Designing the solution together with practitioners

Clinical research, or clinical inquiry, is associated with the action research tra-
dition and can be seen as one of the approaches in the broader paradigm of
experiential action research (Coghlan, 2000). Thus, the general features of ac-
tion research are also pertinent to clinical inquiry. They include the following
(Coghlan, 2000; 2009; 2011; Gummesson, 2000):

« Research is done in cooperation with a client organisation and the knowl-
edge is co-created.

o There are always two research goals: solving a problem for the client and
contributing to science.

o The developed knowledge is holistic.

o The research approach is applicable to understanding and planning change
in social systems.

« The knowledge developed is contextually embedded.

There are, however, a few reasons why the approach utilised in this research
is referred to as clinical. This approach is considered to be more client-driven
compared to the older tradition of action research (Schein, 1995). In the latter
approach, the aim is to solve problems ‘within organisations’ rather than ‘of
organisations. Action research often adopts a critical outlook on organisations
and attempts to incur change towards ‘better’ and ‘more fair’ solutions, thereby
keeping the ownership of both the problem and solution in the hands of the
researcher (Riordan, 1995). Clinical research, in turn, is driven by client prob-
lems, and the researcher helps the client organisations to explore the roots of
the problem they face and develop solutions based on practical knowledge and
theoretical insights. This difference is crucial for this research because it has a
major implication on the research process. That is, by doing clinical research it
was possible to achieve better access to sensitive data and commitment of key
stakeholders in order to co-create a solution that would be realisable and po-
tentially beneficial for all involved actors. By involving the stakeholders in the
design of the ecosystem it was possible to empower them through letting them
know that they would keep the ‘ownership of data’ (Schein, 1995) and were able
to influence the solution to their problem. Since the research involved a multi-
tude of stakeholders, ensuring their commitment to participate and share their
insights was crucial and otherwise impossible if a more critical approach would
be employed. As discussed in section 3.1, the focus was on designing a working
solution rather than criticising and changing current problematic situations.

The interaction between the researchers, including the author, and other re-
search participants (listed in section 1.2) took place regularly, even outside the
official project time (e.g. between Project “Pre-design” and “Implementation” in
Figure 6). At the early stages of the research process (Project “Pre-design” and
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“Challenges”) the usual discussion with such stakeholders included the follow-
ing agenda:

« Envisioning the target industrial ecosystem.

« Discussion on the challenges and obstacles in its development.

o Discussion on the roles and responsibilities of different actors in this
ecosystem (with the focus on the interviewed stakeholder in case of an
interview).

o Discussion on the benefits of the ecosystem in general and for its partici-
pants in particular.

« Discussion on the implementation of the target ecosystem.
o Brainstorming solutions to identified challenges.

o Discussion on the interviewees” wishes for ecosystem design.

During such discussions, it was possible to collect the data that would serve
as input information for the ecosystem design, whilst also involving the stake-
holders in the change process that would ultimately affect them. It was also
possible to cross-check certain critical issues by raising the newly raised ques-
tions from one stakeholder in the discussions with other stakeholders. This way
the development of the target ecosystem was already taking place during the
first discussions. Later, during Project “Implementation” the same stakehold-
ers were revisited and new stakeholders were involved. The PBI research team
was able to discuss and validate the propositions developed in earlier projects
with them. New challenges were constantly arising and a more detailed design
was required. An example of how the solution to engaging truck users in the
ecosystem was co-created with various stakeholders, is demonstrated in Box 1.

The role of the researcher in clinical research is to understand the problem
from inside the context (Schein, 2008) and generate actionable knowledge, so
neither the researcher nor the collaborating stakeholders were detached from the
actual research object. As a clinical researcher, together with a group of practi-
tioners the author was constructing the meaning and framing the problem, “set-
ting the stage for problem-solving”, which brought new problematic situations
into being as the context changed (Schoén, 1995). Thus, the aim was to enable
the practitioners to explore, diagnose, and act upon the events as they emerged,
while generating ‘real-time’ actionable data (Coghlan, 2000: p. 192). This un-
derlines the iterative and reflective research process within the clinical research
paradigm, and its proximity to the design in its broadest sense (Schén, 1995) and
the DSR as methodology. However, although participants from the industry may
have good knowledge of the context, this knowledge is limited. The collaboration
with researchers is important when moving to novel situations because the re-
searcher can bring insights from general, fundamental knowledge (Brannick and
Coghlan, 2006). In case of this research, the researcher’s role was to embrace the
larger ecosystem, which would be impossible for one actor to achieve.
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Box 1. Co-creation of knowledge with the practitioners

Designing new business models together: engaging truck operators

Truck operators such as waste management and delivery companies were seen as the po-
tentially largest consumers of biogas due to a number of reasons. Firstly, they are able to
make ‘fleet decisions, i.e. they may purchase a large number of vehicles at once so as to
increase the feasibility of the investment into the technology such as biogas-driven vehi-
cles. Secondly, large trucks consume several times more fuel compared to passenger cars,
and therefore truck users are potentially large-volume consumers of traffic fuel. Another
advantage of attracting these companies into the focal ecosystem was that they are able to
make faster decisions compared to, for example, public transport operators who depend
on tendering.

In order to understand what would motivate truck operators to make a switch to biogas
and as a pre-requisite for them to acquire gas-driven trucks, discussions were held with the
managers in these companies. It was discovered that besides the unknown price for biogas
the major challenges were the need to purchase new vehicles, the need to train personnel
to operate and maintain them, and insecurity about the operational costs. The concrete
fear was that due to the absence of experience with gas vehicles the costs for maintenance
and operation might transpire to be higher compared to diesel analogues, even if the price
for biogas would be significantly lower. These considerations brought the research group
back to the vehicle dealers to discuss how the risks of the potential consumers could be
reduced. The traditional business model for vehicle sales was partly able to tackle these
issues: a leasing option could reduce the risks of owning new trucks, while maintenance
agreements would reduce the need for operators’ personnel training. However, this would
transfer the outlined risks to the vehicle dealers since they would bear the risk of owning
the vehicles, and a second-hand market for these vehicles is barely existent in the focal
country. The larger volume of trucks being sold at once, however, would help to make the
deal more appealing for the vehicle dealers: not only through making more profit from
sales, but also by making it reasonable to invest in the appropriate maintenance facilities
and training for the new technology.

Returning back to the issue of operating costs, it was critical to attain the operators’
confidence in the fact that their operating costs would ultimately be lower for biogas
trucks so that their investment in more expensive trucks would pay off. A vehicle dealer
was not able to make such a promise, because the major part of these costs — fuel costs
— was highly dependent on price and supply security provided by the biogas distributor.
After several discussion rounds with the mentioned stakeholders the idea of a joint offer-
ing was developed: if biogas trucks could be offered in conjunction with long-term fixed
price contracts for fuel, the value of such an investment would become more apparent to
the vehicle operators, since they would be spared from the non-core risk of uncertain fuel
price. Moreover, by establishing direct collaboration between the biogas distributor and
vehicle dealers it would be possible to agree on the acceptable level of fuel quality thereby
keeping the maintenance costs to the minimum.

Thus, by iteratively addressing the challenges and uncertainties that concerned the var-
ious potential stakeholders of the ecosystem to be established, a new business model was
designed that would re-distribute risks and benefits among the companies.
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As a clinical researcher, the author needed to be self-aware and self-re-
flective through constant questioning of own assumptions, biases and filters
(Coghlan, 2009). This is not driven by the pursuit for objectivity in positivist
sense, but by the need for relevance and actionability of the produced knowl-
edge and its validity in pragmatic sense. Therefore, the active participation of
other research actors, such as team members and business stakeholders was
needed and beneficial for knowledge production.

To summarise, the author’s role as of researcher was to facilitate a change
process driven by the clinical inquiry that was undertaken within certain PBI
projects, and in producing and conceptualising the actionable knowledge. The
representation of such knowledge had to be done in such a way that the problem
and action strategies would be transferrable to new situations being perceived
as similar to the original (Schon, 1995). Therefore, this thesis not only describes
how the change was achieved, but also proposes generic models, concepts and
action plans that can be transferrable and can be used to solve similar problems.

3.3.2. Stabilising the actor-network in order to create a working solution

In order to produce scientifically significant and valid research, it is not suffi-
cient to collect feedback from the stakeholders and design an ecosystem purely
based on such information. The development of a working solution appeared to
be equally dependent on economic, social, technical, physical, and political fea-
tures, as well as many other factors. To design a solution, none of these critical
issues could be left out, because it would undermine the resilience of the solu-
tion as such. Moreover, it was impossible to prescribe the success of developing
an industrial ecosystem to one set of factors. Rather, a complex socio-technical
system was required to enable such an ecosystem.

Actor-network theory (ANT) is interested in ‘how it is that everything hangs
on together if it does’ (Law, 2009), which is one side of the design science ap-
proach, where the question is how to design a system, in which everything will
‘hang on together’. ANT became known from the writings of Callon (1986) and
Latour (1987; 2005) on socio-technical systems and their formation. The dis-
tinct feature of ANT is the attempt to dissolve the dualism between actors and
structure, micro and macro level, global and local, subject and object, knowl-
edge and belief (Smith, 2012).

ANT allows complex phenomena to be approached, such as socio-technical sys-
tems, in all their complexity and networked structure. Industrial ecosystems can be
perceived as socio-technical systems since they are made up of a large number of
parts of the heterogeneous origin. Therefore, certain concepts and methods based
on ANT appeared to be useful for designing the solutions to develop industrial eco-
systems. One such method, controversy mapping through sociotechnical diagrams
(see Figure 7) was used in order to identify which actors support or oppose the
system, i.e. were enrolled in the programme or antiprogramme of an innovation
taking place. This mapping helped understand how the opposing actors could be
co-opted, and how the supporting actors could be strengthened.
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Figure 7. Principle of a sociotechnical diagram.*

The approach of controversy mapping was used as a research tool. More
specifically, the approach was used for creating the proper mindset when con-
ducting the research and keeping track of the solution development. Since the
target industrial ecosystem for production and utilisation of biogas was seen
as an actor-network (Callon, 1980; 1986; Latour, 1987; 2005; Law, 1992; 2009),
the actors included not only the business actors, but also all the elements ‘that
mattered’. For example, the price of biogas was considered as one of the actors.
If this was too high, then the price would belong to the antiprogramme, and
thereby obstruct the solution implementation. If it was low and competitive, it
would add to the programme supporting the solution implementation. Certain
actors were clearly in favour or in opposition to the solution, some had to be
strengthened or enrolled into the programme, such as in the example of the
biogas price. In this case, enrolment was possible through underlining that a
biogas distributor needs to set a price for biogas that would be competitive with
other fuels. This example of controversy mapping in order to develop a reason-
able solution is presented in detail in Box 2.

Controversy mapping used in this research was particularly useful for ana-
lysing and developing the complex system, the boundaries of which are difficult
to establish. The method allowed focusing on the crucial actors, mapping the
interdependencies between them and utilising this information for changing
the designed solutions towards better stability and feasibility. Thus, controver-
sy mapping allowed pursuing the iterative nature of clinical research and DSR
through constantly assessing the design proposition stability and attempting to
improve the solution.

In the process of designing solutions for the research problems, the interest
was in the ‘blackboxes’ (Latour, 1987), meaning that as long as an actor was

*Adapted from Markowski (2008)
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Box 2. Mapping and addressing controversy

Managing controversy and overcoming resistance: setting the biogas price

The question of the biogas price was the first and most critical one for many stakeholders
when discussing using biogas as traffic fuel. It was also seen as the main output of the fea-
sibility study (in project A), since it would define the commitment of potential consumers
to use biogas in their vehicles. However, while it was possible to define the cost of biogas
production given the local conditions, the price was seen as an opportunity to balance the
stability of the ecosystem to be created. First of all, it was clear that for the public transpor-
tation authority it was crucial not to increase the costs of bus operators, so as to keep the
ticket fares unchanged. That was the condition for them to promote biogas in the tender-
ing for bus operations. After calculating the acceptable level for the biogas price for public
transportation it was discovered that such a price, if offered to all consumers, would make
the profit of the biogas distributor insufficient for recouping their investments in the infra-
structure. Therefore, it was decided that the price for other consumers can be higher com-
pared to the one offered to public transportation, as long as it is ultimately lower than the
prices for competing fuels. After discussions with truck operators, it became apparent that
their main fears were the potential interruption of biogas supply and unpredicted price for
the fuel that would make their investments in gas-driven trucks risky. In order to address
these issues, it was proposed that the biogas distributor would make long-term contracts
for a fixed price for large truck operating companies. In this way the truck operators would
achieve a stable supply of biogas at a lower price, and the biogas distributor would en-
sure large volumes of biogas consumption in the long term. The price for small consumers
would be set higher in order to compensate the lower price offered to large consumers, but
would still be competitive with other fuels.

As a result, the differentiated pricing model for biogas was designed in order to en-
roll potential consumers into the supporting programme by counteracting the arguments
against it.

plausible, the manner in which it was constructed was not relevant. ‘Plausible’
does not mean ‘the right, or ‘the best, but rather the one that became mean-
ingful to many people for certain reasons. For example, the one that made the
most sense when no alternatives exist, other people being enthusiastic about
it, or taking the same perspective, or it being close to their identities (Mills et
al., 2009; Thurlow and Helms Mills, 2009). The idea of accepted facts or ‘black-
boxes’ is central when creating solutions that involve a significant number of
stakeholders, each of whom needs to accept those facts. Returning to DSR,
the author was interested in how to stabilise the actor-networks and develop
‘blackboxes’ which could be judged by their plausibility, i.e. whether they were
accepted by the stakeholders and, taking one step further, were actionable for
them. Thus, if designed business models and other means to create the eco-
system were accepted and acted upon by the relevant stakeholders, it could be
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concluded that the author had arrived at the results she was striving for: creat-
ing actionable knowledge and answering the ‘how to’ question.

By approaching the ecosystem design in this way, it was possible to deal
with all the multitude and variety of critical issues that appeared during discus-
sions with the stakeholders and tackle them one by one. This allowed a holistic
view to be kept on the problem of ecosystem development without overlooking
crucial issues simply because they were outside of the imposed categorisation.

3.3.3. Arriving at a good design proposition

Sustainability was the key characteristic pursued during the design process
even though the outcome was not predefined. It included not only environ-
mental sustainability, which was ensured by the local cyclic way of producing
biogas and by considering all the input and output material flows, but also the
economic and social sustainability, i.e. the acceptance of the key stakeholders
and the viability of the ecosystem to be established. Viability, in turn, was based
on the feasibility of the business models within the ecosystem and the commit-
ment of key stakeholders to participate, which was achieved step by step during
the research. An example of how the quest for designing a sustainable ecosys-
tem led to the enlargement of its boundaries is presented in Box 3.

DSR was combined with clinical research in this study in order to promote a
focus on solution development. Another reason for conducting research with-
in the DSR paradigm was its emphasis on a creative leap between knowledge
that is generated in exploratory and explanatory science and a design proposi-
tion (van Aken and Romme, 2009). The development of a design proposition
is therefore not based on the causality discovered in ‘pure’ science (A causes B,
therefore do A if you want to reach B), but is rather based on pragmatic ‘rea-
sonableness’ of a solution (C is the problematic context, D is a design proposal
based on the vision of an ideal target system O; if D overcomes problems C and
leads to O, then it is a good solution). A proper solution to a complex and ill-
defined problem cannot be induced from a problem or deduced from theory,
but can only be informed by problem specification and theory. As James puts
is, “theories thus become instruments, not answers to enigmas, in which we can
rest” (James, 1907/1981: p. 28). It is in line with the clinical research paradigm,
where researchers are not only concerned with ‘diagnosis’ but have the primary
focus on ‘treatment’ (Coghlan, 2009).

Enrolment into the programme also concerned the companies participating
in the study. In this case it meant achieving their commitment through incen-
tive development and cooperation within the research projects. This process
helped achieve both the goals of developing a design proposition and triggering
the actual change.

The creation of a solution in this clinical study was not purely based on
input and feedback from participating stakeholders. The data informing the de-
sign proposition development came from the following major sources:
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Box 3. Enlarging system boundaries

Enlarging ecosystem boundaries: organic farming and biogas production

The initial constellation of the target ecosystem was developed at the very start of this
research, based on previous knowledge developed at PBI. However, the system evolved as
the research proceeded and the contextual knowledge on the focal location was embedded
into what was technologically possible and reasonable. Initially, sewage sludge was seen
as the main source of biomass for biogas production. At a later stage when the potential
biogas consumption was assessed, based on consumer information from one side, and the
required consumption for recouping the investment into distribution infrastructure on the
other side, it was discovered that the utilisation of sewage sludge volumes would be insuf-
ficient to ensure the biogas supply. Therefore, the idea of utilising green biomass such as
grasses or hay emerged in the discussions with the company producing biogas.

First it was assumed that a crop farmer could dedicate part of their fields to growing
biomass that would be used for biogas production instead of growing grain. After discuss-
ing this idea with the agriculture specialists it transpired that the biogas producer would
need to buy green biomass at a price that would cover the ‘lost opportunity’ for the farmer,
i.e. at the level of the price of grain. The following round of calculations showed that this
would not be feasible and would significantly increase the price of biogas. Further dis-
cussions and literature reviews resulted in the idea of combining biogas production with
organic farming that would be based on rotation of food crops and grasses over several
years, as well as the utilisation of the digestate generated during biogas production instead
of the current use of synthetic fertilisers. In this way not only non-food biomass would be
produced for biogas production purposes, but also the farmer could significantly reduce
costs associated with acquiring and utilising fertilisers and pesticides.

The business model of a farmer would need to change in order to accommodate these
changes: to introduce organic farming new capabilities are needed, but also the ultimate
product - organic food - is more valuable. By attempting to plan how costs for acquisi-
tion of green biomass can be reduced, the boundaries of the target ecosystem changed: the
scope of biomass supply changed from simply buying it from a stakeholder to re-defining
the whole business logic of farming in order to integrate it into the solution.

o Insights into the problems and contexts of various sources (secondary
data)

« The logic and common sense of the research team members

« Research in context (interviews, discussions with stakeholders)

« Existing explanatory theory (see Chapter 2 for overview)

Since the final outcome of the design process was not pre-defined, it was
guided by the pursuit of sustainability in all dimensions, as well as by the ability
to act at the same time on the knowledge produced. Thus design propositions

evolved as the actor-network was being stabilised in order to create a solution
that would lead to the envisioned future and that would commit the stakehold-
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ers to its implementation. Through constant validation of the developed solu-
tions and attempts to stabilise the actor-network that lay behind the designed
industrial ecosystem, it was possible to generate the sound design proposition
along with and as a part of the actionable knowledge, which is discussed further.
The process of development of the design proposition is visualised in Figure 8.

CLINICAL RESEARCH

Clinical

problem /Nolution to which problem
Collaborative is to be created?

Is the designed \’

solution valid?

Target DESIGN
system APPROACH

What should be done to stabilise the system?
Which new actors can be introduced? ——"" >

Iterative . .
\/ What does the solution consist of?
What is the resistance there?

Controversy
mapping

ACTOR-NETWORK THEORY
Figure 8. The collaborative and iterative process of design proposition development.

3.3.4. Knowledge production

The knowledge that is produced in this research can be called practical knowl-
edge (Reason, 2003), practical knowing (Reason and Torbert, 2001), actiona-
ble knowledge (Coghlan, 2011; Romme, 2003), or knowledge in action (Schon,
1995). The main feature of such knowledge is the fact that it can be used for
taking action, while the underlying laws of the phenomenon are undiscover-
able or even irrelevant (Schon, 1995). It is opposed to the positivistic view of
knowledge, which implies that scientific knowledge has to be detached from
subjective and abstracted theories relate to one another in recurring patterns
(Coghlan, 2009). Such ‘universal’ knowledge cannot be used to predict what
is actionable and what is not (Coghlan, 2011), whereas practical knowledge is
contextually embedded and useful for practitioners. It is not universal, and this
is not the aim of clinical research, however, extrapolation from a local situation
to more general situations is possible (Coghlan, 2009).

Actionable knowledge is not only generated as the ultimate outcome of re-
search, but is constantly produced as a solution to diagnosed problems, and
then feeds into the action taken by the collaborating organisation, which in
turn leads to changes in the context and new problems to be diagnosed, ex-
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plored, and taken action (Coghlan, 2000; Schein, 1999; Schon, 1995). It is dem-
onstrated in Box 4 how the knowledge produced during the research was uti-
lised by practitioners, proving the ability to act on this knowledge.

Thus, the outcome of clinical research was both the actual change and
the knowledge that can be generalised in a specific manner (Coghlan, 2000;
Coghlan, 2009). The generated knowledge can be generalised through fram-
ing the problem and strategies of action appropriate to its solution in such a
way that both the problem and action strategies can be carried over to new
situations being perceived as similar to the first (Schon, 1995: p. 31). For ex-
ample, although the design of the ecosystem integrator’s business model was
deeply embedded in the local context, the described models, mechanisms, and
strategies of its development can be re-used in similar contexts after certain re-
adjustment to specific conditions in the new context.

Box 4. Creating actionable knowledge

Proving that the knowledge is actionable: the integrating company

The idea of a company that would integrate industrial ecosystems for biogas produc-
tion did not exist at the very start of the research. This idea rather appeared during the
later stages when it was revealed that none of the currently operating stakeholders would
have the capabilities necessary for integrating the multitude of actors into a working solu-
tion. There was a need for a credible business actor that would serve the functions in the
ecosystems that were missing, such as upgrading and distribution of biogas. More impor-
tantly, this actor would base its business on the understanding and coordinating of the
whole ecosystem through a number of collaboration mechanisms.

The need for an ecosystem integrator was also driven by the understanding that in
order to develop the desired ecosystem, there had to be a company that would do it. This
was true at least in the focal context where there was a spontaneous emergence of IS with
companies starting to exchange waste- and by-flows without actually realising that the eco-
system benefit would have a very low chance of transpiring in the biofuel industry. There
was a clear need for a leader and a visionary that would integrate the ecosystem, instead of
waiting for it to form spontaneously.

As a result of such thinking, the research was steered into the direction of the integrator’s
business model, i.e. what would be the business of such an actor, and how would this actor cre-
ate the ecosystems around biogas by integrating the other stakeholders and managing the eco-
system. At this point the focus of the research was narrowed down and the focal point was set.

At the same time, since this idea was generated in the collaborative research process,
the idea of the ecosystem integrator did not remain on a purely conceptual level. The dis-
cussions about founding the integrating company were started among the key players, and
also involved the PBI research team. The knowledge on how to create industrial ecosys-
tems was developed further along with the process of planning the actual implementation.

The outcome of the research was the design of the integrator’s business model and the
actual change in the form of the readiness of major ecosystem stakeholders to establish
such a company. Together these results formed the ultimate and indivisible outcome of any
clinical study: actionable knowledge and change.

47



The ultimate outcome of this study is the design of the focal industrial eco-
system which includes both the design outcome and design process. The pro-
duced knowledge is explicated in such a way that it includes the description of
problematic context, vision of desired outcome, and means to achieve it. Thus,
the models and solutions proposed in this thesis and the four research papers
can be reused in similar contexts by following the development logic (rather
than simply copying) these elements.

3.4. Validity, quality and relevance of produced knowledge
3.4.1. Ensuring validity

Basically, any scientific facts are more rigorous when they are accepted by more
people or peers (Latour, 1987; Putnam, 1987). This fact does not make them
biased, since the question of objectivity is not even posed; rather, scientific facts
are inseparably intertwined with our beliefs and values (James, 1907/1981; Put-
nam, 1987). Coming to the design mode of research, it is even harder to say
which design is ‘right, because it is created for a purpose, and it is good if it
serves the purpose (Putnam, 1987; van Aken, 2004). Nature cannot ‘settle the
controversy’ in this case (Latour, 1987) so that it would be possible to say which
design is better. Taking a positivistic perspective, for example, certain scien-
tific facts, such as the laws of physics, are considered to be true since nature
‘stands behind them’ However, due to the limitations of human perception even
those facts are driven by values and can be re-invented in the future (James,
1907/1981). For the knowledge created in design, it is impossible to even ap-
proach it in such a way, and instead reasonableness and serving the purpose be-
come the ultimate criteria of ‘truth’ Taking the example given by Putnam (1987:
p. 78), the truth or quality of a knife cannot be based on nature, but is driven
by the purpose it is designed for. Therefore, the design of the knife cannot be
true or false in a positivistic meaning, but it can certainly be good or bad in a
pragmatic sense. According to James (1907/1981: p. 38), truth is a species of
good, i.e. something can be called true if it is good in the way of current belief
and good for definite, assignable reasons.

Knowledge produced within clinical research through DSR cannot be
judged by positivistic categories of objectivity such as rigor and validity. The
latter can be re-defined, however, in the light of pragmatism: it is valid if it
serves its purpose or is ‘reasonable’ (Putnam, 2002). While Cartesian doubt im-
plies the use of doubt as a route to certain knowledge by finding those things
that could not be doubted, the author adheres to anti-scepticism, fallibilism
and pragmatism by saying that scientific knowledge is true if there is currently
no reasonable doubt (James, 1907/1981; Wittgenstein, 1969). This is the reason
for focusing on ‘blackboxing’ facts and testing their validity throughout the
research process. By exposing produced research knowledge to practitioners
in the search for facts that would contradict them, it was possible to arrive at
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the knowledge that withstood reasonable doubt. In the context of management
research science, this meant that the practitioners were ready to act upon this
knowledge.

James (1907/1981: p. 88) puts the pragmatic idea of truth in the following
manner:

“Truth happens to an idea. It becomes true, is made true by events. Its verity
is in fact an event, a process: the process namely of its verifying itself, its
veri-fication. Its validity is the process of its valid-ation”

This way, the knowledge produced while making a clinical inquiry was
judged by testing its plausibility with the actors who are to use it for making
the change. Plausibility might be a better word to describe what can be seen as
‘truth’ both from a pragmatic and social constructionism point of view. For the
knowledge informing a change, plausibility is even more critical, because unless
the change agents accept and understand it, they will resist the change. Continu-
ing the idea, the endeavour for letting nature ‘settle down’ the controversies in
not only mathematics or physics, but also in social sciences, leads to the assump-
tion that ‘everything social is built upon some fundamental laws of nature that
presuppose how people act and the world develops (Putnam, 1987). Accepting
the complexity of the social world and industrial ecosystems in particular, the
design approach helps to answer the question of how a social change can occur
without assuming that human actions are completely predictable and rational.

3.4.2. Relevance and quality

Since design is based on pragmatism as the underlying epistemological notion
(Romme, 2003), the aim to produce relevant and actionable knowledge was re-
alised through combining clinical research with DSR. Although such knowledge
is produced in the context of application (Huff, 2000; Starkey and Madan, 2001;
Tranfield and Starkey, 1998), it could be transferrable to similar problems.

Thus the relevance gap between the theory and practice is tackled by being
able to produce knowledge through practice rather than seeing practice as a
setting for only implementing the knowledge (Schon, 1995). In general, both
the clinical research and the DSR paradigms imply that knowledge production
should be democratic, i.e. those who know more about the context need also
be involved in creating the knowledge. By being able to influence the process,
they can produce the knowledge that is relevant and capable of driving social
change. In line with this are the discussions about equality and democratic val-
ues in scientific research (Brannick and Coghlan, 2006; Coghlan, 2011; Green-
wood, 2002; Lessem and Schieffer, 2010; Putnam, 2002; Romme, 2003) which
generally leads to the conclusion that practical knowledge should not be under-
estimated and perceived as low-quality, and that people in a position to know
the particular context should be involved in the research. This is seen as the
only way of bridging the gap between theory and practice by abandoning the
purposeful attempts to separate them.
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The quality criteria of a clinical inquiry, as defined by Coghlan (2009), in-
clude the following:

o The clinical inquiry/research engages with real-life issues.
« The clinical inquiry/research must be collaborative.
« The clinical inquiry/research must have a reflective process.

« The clinical inquiry/research must have workable outcomes and actionable
knowledge.

In line with this, van Aken (2004) defines the quality of DSR as the produc-
tion of valid knowledge for field-problem solving. This study attempts to fulfil
this minimum quality for the research approaches utilised. The knowledge de-
veloped during the research appears to be actionable because it greatly informed
the real-life preparation for building the target industrial ecosystem. As a result
and based on the research a consortium of stakeholders started the discussion
to establish the company that would become the industrial ecosystem integrator.

Rigor of practical knowledge falls outside the boundaries of technical ra-
tionality (Schon, 1995). The basis for validation in clinical research is “the con-
scious and deliberate enactment of the action research cycle” (Coghlan, 2011:
p. 61), which means that the relevance and validity of knowledge produced in
this research was tested throughout the research process by constant exposure
of the research results to the practitioners and discovering and further address-
ing new challenges.

The research results of this study are not expected to be generalisable in a
positivistic meaning, but are transferrable to similar situations (Schon, 1995).
Transferring to new similar contexts occurs through framing the problem and
appropriate strategies of action in such a way that both the problem and action
strategies can be carried over to new situations. These strategies of action can
be tested for validity in the new contexts and reinvented or adjusted if that is
required (Schon, 1995). In line with this, the term transportability is proposed
to better describe how the knowledge, developed during DSR, can be re-used.
It can be achieved in the following process: developing knowledge within a spe-
cific context, and then decontextualizing and recontextualising it in the next
context, and again decontextualising, and so on. This way the design proposi-
tion for such complex solutions as industrial ecosystems can be reused in new
contexts with certain adjustments.

The limitations of DSR are such that the information about a problem or
situation is limited as it is in any mode of research. However, due to the partici-
pation of many stakeholders it was possible to reduce the effect of this short-
coming, since the knowledge came from many sources and could be validated
by relevant people throughout the research process. The involvement of a mul-
titude of participants in knowledge creation is most likely to benefit the valid-
ity, quality, and relevance of this knowledge.
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3.4.3. Reaching the research goals

While it was neither possible nor reasonable to identify what the resulting de-
sign proposition would be from the start of the research, the design goals were
the guiding light for understanding whether the research outcome was reached.
Functionality, plausibility, and adherence to the initial criteria of distributed
and symbiotic industry structure were the constants, while the actual compo-
sition of the focal ecosystem and the actors in the underlying actor-network
evolved as the goal of creating a sustainable solution was pursued. Sustain-
ability is understood in its full definition, where environmental, economic, and
social dimensions are inseparable from each other and the overall ability to
sustain over time.

Developing actionable knowledge on how to create sustainable industry ar-
chitecture for biofuel production and utilisation was the ultimate outcome of
this research. The process of ecosystem development and models are presented
in this dissertation thereby constitute such knowledge. The actionability of the
knowledge is proved by the fact that major stakeholders in the developed eco-
system were ready to make decisions based on these facts and make the rel-
evant investments.

The goal of developing the transferrable actionable knowledge was pursued
by explicating the knowledge in such a way that the context, desired outcome,
and mechanisms for achieving it are described together. Moreover, the later
stage of this research (the second half of Project “Implementation”) was de-
voted to assessing the potential for creating industrial ecosystems based on the
knowledge developed in the focal location. This was done through de-contextu-
alisation and re-contextualisation of this knowledge in new settings.

3.5. Summary of the research design

According to Schon (1995), there are two types of research problems, those that
can be compared to high, hard ground and those that are more like swampy
lowlands. While the former can be solved with the help of rigorous research-
based theory and technique, the latter are so complex and confusing that they
are beyond mechanistic and technical solutions per se, but at the same time are
generally more relevant for society (Schein, 1993). The research problem in the
core of this thesis can be rightfully ascribed to the ‘swampy land’, because it
arose from society’s need to achieve sustainable development rather than from
the fact that that it is resolvable by applying existing or deductible theories. DSR
is an approach to working with ill-defined problems (Romme, 2003) because the
ultimate outcome of such research - a design proposition - cannot be deduced
or induced from data, but is instead designed evaluatively and analytically and
verified by testing (van Aken and Romme, 2009). While in explanatory science
the justification of produced knowledge is from question to answer, in DSR it is
from answer (the design proposition) to question (the specifications). So testing
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the design is the key to the justification, and it has to be supported by an ac-
count of the input, i.e. specifications, problem and context analyses, and existing
theory (van Aken and Romme, 2010). In line with this, clinical inquiry allows
generating ‘practical’ or ‘actionable’ knowledge (Coghlan, 2011) that is verified
during the co-creation with the practitioners and iterative revisiting of solutions
proposed and even the questions asked. The round of iteration in a clinical in-
quiry is not in checking whether the problem has been solved, but in asking
whether the newly created problems are worthwhile (Schon, 1995). In terms of
causality it is reflexive rather than either deductive or purely inductive.

The major consideration when approaching this research problem was that
post-observation of the phenomenon is unable to fully reveal the complicated
process of the industrial ecosystem formation, which involved considerable re-
sistance and controversies before it is ‘settled down’ Certain tensions and chal-
lenges may be forgotten by the respondents after the project is completed, making
the data obtained ex-post insufficient for answering the question of how industri-
al ecosystems can be built. Moreover, the success of one or another ecosystem de-
velopment might be context-dependent making the generalised knowledge about
why it succeeded not easily transferrable to other contexts. Going even further,
it appeared that the research of ‘how it was done’ is not always able to inform the
answer to the question ‘how it should be done’ due to the difference in the quality
of knowledge required for answering these two questions.

Another challenge lies in the fact that the research problem is by nature
ill-defined, meaning that due to its complexity and involvement of many stake-
holders it can be solved by multiple solutions, and the ‘right” solution is defined
by the values and context rather than by discovering the underlying laws that
would automatically lead to a unique and appropriate solution.

The gap between the theory and practice is widely discussed in industrial
ecology (e.g. Harper and Graedel, 2004), management, and organisational sci-
ence (Brannick and Coghlan, 2006; Coghlan, 2011; Hambrick, 2007; Rynes,
2005; Schein, 1993). Weick (2003) draws the distinction between ‘life under-
stood backwards’ and ‘life lived forward’, which are associated with theory and
practice correspondingly. Simon (1969/1996) in “The Sciences of the Artifi-
cial” also recognises the difference between describing and explaining ‘what
is’ and designing and evaluating ‘what can be’ and ‘how it can be’ Since these
are different forms of activity, the contribution of the two modes of research
is different and cannot be judged in the same way. In the research of how in-
dustrial ecosystems can be developed, looking back can only partly inform the
problem-solving, whereas the vision of target systems, which are designed to be
more sustainable compared to current industry structures, does affect the way
the research problem can be solved. In management research, it is important
not only to be able to learn from the past, but also to embed a strong creative
element into the process of change towards better practices. This is especially
relevant for the organisation of industrial activities: the research of currently
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prevailing industrial management practices, which in many ways has led to un-
dermining sustainability (Mirata et al., 2005), cannot on its own develop a pro-
posal on solving these problems. Rather, the focus on the future and the design
of a better solution need to be the starting point for conducting the research on
how to reach a sustainable industrial organisation.

In the quest for sustainability, the question of change is crucial: the goal of
this research was to make the focal industrial ecosystem work, which could be
done by producing relevant and actionable knowledge and by actual involve-
ment of the researchers in the process. Moreover, organisational change is more
likely to happen when the change agent does not feel disconfirmed, but is rath-
er involved in a trustful cooperation, knowing that she/he has ‘a say’ in the
process (Schein, 2006).

Summarising the outlined concerns, the following are the distinctive fea-
tures of the research problem, which ultimately defined the choice of the re-
search methodology:

o Orientation on the future instead of orienting on the past
« Complexity and need for a holistic approach

o Search for a solution to an ill-defined problem

o Need for fostering change

o Need for eliminating the gap between theory and practice

» Dependency on context

Clinical research and design science research paradigms, based on pragma-
tism, allow the defined kind of research problems to be dealt with and therefore
formed the methodology adopted when doing this research. Their focus on the
tuture (Coghlan, 2009), creating ‘knowledge in action’ (Schon, 1995), and ac-
tually making the change (Coghlan, 2000) allowed the knowledge that has the
substance to be prescriptive to be produced. The results of this research are
contained in the four research papers, which are a part of this thesis.

Table 2 briefly summarises the content and contribution of the papers, while
a more detailed summary of the papers and synthesis of results are presented
in Chapter 4.
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Table 2. Summary of research papers
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@ RESULTS

The main results of this research, which are presented in four research papers, are
briefly summarised in this chapter. Further, the results are synthesised in order to
create a general picture of the produced knowledge. Finally, there is a discussion
of how these results answer the research sub-questions and how this contributes to
answering the main research question of this thesis.

4.1. Addressing the research questions

In order to answer the main research question of how sustainable biogas-for-traf-
fic industrial ecosystems can be developed, the structure of such ecosystems and
the process of their development were addressed. First, the complexity of indus-
trial ecosystems was explored and discussed in Paper I from the perspective of
how modularisation can aid in managing this complexity and developing resilient
ecosystems. The main findings of Paper I are summarised in section 4.2. Then,
answering the second research question of how collaboration among traditionally
disconnected industry players can be established, collaboration mechanisms are
discussed in Paper II and section 4.3. The answer to the third research question
regarding the business model of an ecosystem integrator largely builds on the
findings of Papers I and II, because modularity and collaboration mechanisms
serve as key cornerstones of a business model that would allow incorporating
the system thinking and thus helping to redefine industry structures to be more
cyclic, reciprocal and collaborative. The boundary-spanning business model and
the logic of its development are discussed in Paper III and section 4.4. Finally, the
way to expand a biogas-for-traffic ecosystem by replicating solutions in many lo-
cations is discussed in section 4.5 and Paper IV, which aims to answer the fourth
research question of how to replicate industrial ecosystems.

Section 4.6 summarises the findings of the four papers and explicates how
they form a normative model for the development of sustainable industrial eco-
systems around biogas production and its utilisation in transport.
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4.2. Structure of industrial ecosystems and the use of modular
approach (Paper I)

RQI: How can modularisation help in the development of industrial ecosystems?

If a biogas business is based on the principles of IS, it is possible for the stake-
holders in the resultant industrial ecosystems to achieve system benefits, which
are otherwise unavailable for any business actor on their own (Simon, 1962).
The term ‘system’ itself indicates that the entity in focus has certain structures,
functional connections, and system goals. For a company dependent on the
functioning of such an ecosystem, that is a biogas producing and/or distribut-
ing company within the scope of this thesis, it is crucial to manage the com-
plexity of the ecosystem surrounding its product, and moreover, take advantage
of it. As discussed earlier, another challenge for the biogas business is to expand
by establishing multiple industrial ecosystems. Thus, the effort to replicate the
production and consumption systems for biogas is to face the challenge of ad-
aptation in every new location. Such systems are a combination of technical,
social, business, and other elements (Geels, 2002), and are context-dependent,
which in combination makes them extremely difficult to copy.

The complexity of industrial ecosystems makes it challenging to manage the
multitude of small ‘elementary particles’ at once. However, it is the property of
nearly decomposable systems that they can be split into smaller sub-systems
that are weakly dependent on each other but, nevertheless, form a whole that
is more than the simple sum of the sub-systems or individual elements (Simon,
1962). In nearly decomposable systems “the short-run behaviour of each of the
component subsystems is approximately independent of the short-run behav-
iour of the other components” and “in the long run, the behaviour of any one
of the components depends in only an aggregate way on the behaviour of the
other components” (Simon, 1962: p. 474).

Industrial ecosystems pursue the properties of complex nearly decompos-
able systems if individual businesses of the involved stakeholders are seen as
modules or sub-systems that serve certain functions within the ecosystem. The
major functions with an industrial ecosystem based on biogas include produc-
tion and supply of biomass, production of biogas, utilisation of digestate, dis-
tribution of biogas, utilisation of biogas and various support functions required
for other functions to be served. Various businesses can serve these functions,
which in the end affects the constellation of the industrial ecosystem.

When approaching ecosystems from such a functional modularisation per-
spective, it can be seen that the interaction among the subsystems or modules
is fairly weak because businesses within an industrial ecosystem are quite inde-
pendent in the short term and can only be influenced if other businesses create
changes in their functions in the ecosystem. For example, a biogas producer
would not be affected by an internal change in a waste management company
unless and until it stopped its biomass supply or changed the way it supplied
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organic waste for the biogas production ecosystem. The magnitude of connec-
tions within each business is much higher compared to the links among the
businesses in an industrial ecosystem. This is due to the fact that modules are
already viable in themselves as businesses. It is therefore crucial to establish
linkages among the modules, i.e. interfaces, especially taking into account that
many actors within such ecosystems are not accustomed to working together.

In order to identify the modules of an industrial ecosystem, various busi-
nesses were mapped according to the functions they can serve in the system.
Following this logic, businesses that could serve the required functions were
identified as the potential modules for a biogas production and consumption
system. The recombination of these modules depends on the need to adjust to
a certain location and whether a business network exists in the location. In the
three hypothetical examples discussed in Paper I three ecosystem constellations
were discussed:

- Biogas for transportation
- Biogas for heat and power production

- Liquefied biogas

The comparative analysis of the business model of the company producing
biogas in each of the ecosystem constellations showed that the value proposi-
tion, capabilities required for delivery, revenue models and customers differed
significantly in each case (see Table 3). Thus, if a biogas company wishes to estab-
lish business in various contexts it must be adaptable to local conditions through
functional modularisation, and allow its own business models to alter as well.
Moreover, it can be concluded that the biogas company will acquire modularity,
which in turn brings flexibility when adapting to local business networks.

The study presented in Paper I achieves two goals. Firstly, it demonstrates
the way functional modularisation can help in developing industrial ecosys-
tems so as to incorporate the business side. That is, by treating industrial eco-
systems as nearly decomposable complex systems it is possible to develop them
from fairly stable subsystems, i.e. businesses that are already existing and oper-
ating. Such an approach is intended to contribute to more rapid development of
industrial ecosystems and in a certain way addresses the business planning and
integration in industrial ecosystems.

Secondly, the study outlines the implications of such an approach on the busi-
ness model of a biogas company that attempts to build industrial ecosystems based
on biogas in various contexts. The ability to adapt to local conditions lies in the
variety of value propositions and revenue models that can be employed according
to the local conditions and more specifically business environment. This, however,
would require more capabilities from the biogas company respectively. However,
the opportunity to establish a biofuel business on a large scale while keeping the
benefits of customised local distributed solutions (as discussed e.g. by Mirata et al.,
2005) is attractive from economic, environmental and social perspectives.
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Table 3. Differences in the business model of a biogas producer
throughout configurations of the industrial ecosystem

Elements of the
business model

Configuration 1.
Biogas for
transportation

Configuration 2.
Biogas for heat and
power production

Configuration 3.
Liquefied biogas

Value proposition

1. Waste management
2. Transport fuel
3. Organic fertiliser

1. Heat and power
2. Organic food

1. Liquid fuel for various
purposes
2. Waste management

Revenue model

1. Gate fees for waste
treatment

2. Sales of biogas

3. Sales of organic

1. Sales of heat and power
2. Sales of organically
grown food

1. Sales of liquefied biogas
2. Gate fees for waste
treatment

2. Ability to produce
biogas of proper quality
to be utilised as vehicle
fuel

3. Ability to produce
organic fertiliser of

acceptable quality

energy according to
the contract with the
customer

2. Ability to produce
organic fertiliser of
acceptable quality

fertiliser
Customer 1. Municipality 1. Local communitiesand | 1.Various consumers: ship
2. Transportation industrial enterprises operating companies,
companies, individuals, | 2. Individuals and com- energy producers, etc.
municipal units panies 2. Municipality
3. Farmers
(apabilities 1. Ability to process waste | 1. Ability to provide 1. Ability to produce lique-

fied biogas of proper
quality
2. Ability to process waste

Biofuel business, in particular, has been quite unsuccessful in enforcing
the same production and consumption patterns regardless of the local condi-
tions. Many biofuel companies remain small-scale because they are unable to
expand. By introducing modularity into the business model a company would
need to diversify its capabilities and invest accordingly. On the other hand,
it would be able to achieve the economies of repetition (Davies and Brady,
2000) and make the efficient development of ecosystems and adaptation to
local conditions its competitive advantage. Seeing businesses, rather than the
technical units, as functional modules of industrial ecosystem is proposed as
a starting point for creating ecosystems that are not only technically feasible,
but are also viable in business terms.

59



4.3. Collaboration mechanisms for developing industrial
ecosystems (Paper Il)

RQ2: How can collaboration be established within industrial ecosystems?

There are a number of challenges related to the establishment of collaboration
among various stakeholders in industrial ecosystems for biogas production and
consumption. Firstly, as implied by the notion of IS, the actors involved in in-
dustrial ecosystems are normally unaccustomed to working together and are
not operating within the same value chain (Chertow, 2000). Secondly, although
the benefits of cooperation might be attractive, there is a high uncertainty relat-
ed to the investments certain actors need to make in order to make the ecosys-
tem function. Thus, apart from the need to establish win-win situations within
the developing ecosystem (den Ouden, 2012: p. 164), there is a need to mitigate
the risks and uncertainties.

Following the idea of functional modularisation proposed in Paper I, col-
laboration among the business actors, i.e. the modules of industrial ecosystems,
can be seen as interfaces that integrate these modules. Paper II demonstrates
the logic behind the establishment of a number of interfaces in the focal bi-
ogas-for-traffic ecosystem through analysing and explicating two examples of
collaboration mechanisms employed in its development.

The first example is devoted to the collaboration required for establishing
the demand for biogas. Companies that operate heavy trucks, such as waste
management and delivery companies, were explored as the potential consumers
due to a number of reasons. In addition to the generally higher fuel consump-
tion levels of trucks compared to passenger cars, truck operators are also nor-
mally able to make fleet decisions, that is, purchase a large number of vehicles
at once. Thus, if a trucking company switches at least part of its fleet to biogas-
driven vehicles, the biogas distributor can expect high and predictable demand
for the biofuel, which in turn is able to ensure the payback of the investments
into the gas distribution infrastructure.

The benefits of committing truck operators to become part of the indus-
trial ecosystem based on biogas are apparent when the perspective of the biogas
distributor is taken. However, the challenge is then to define and explicate the
benefits that the operators would achieve. Moreover, taking a more proactive
approach, the distributor needs to create the win-win situation, i.e. find the
mechanisms that would commit the potential consumers to establish a long-
term interdependency with them.

For the trucking companies, switching to new gas-driven equipment carries
an investment cost and risk. However, connecting biogas price and the contract
to the investment cost makes the overall lifecycle cost competitive. A stable and
comparatively low price for biogas is possible since locally produced fuel is only
weakly connected to the fluctuating oil price. Thus a long-term fuel agreement
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at a price that is ultimately lower compared to diesel price can be offered in
order to reduce the fuel risk and associated operating and capital costs for the
trucking company. Further, in the new set-up a gas truck is sold together with
a long-term contract for biogas, and the leasing opportunity decreases the end
user’s ownership risk connected to the second-hand value of the trucks. Thus
the risks of the biogas consumer are re-distributed to the suppliers, i.e. biogas
and vehicle suppliers. Not only are the quality, price, and steady supply of bi-
ogas guaranteed over time, but also the different sides of the new technology
are better coordinated through such cooperation if fuel quality and mainte-
nance costs become part of one offering to the truck operators.

The other example of collaboration required in the ecosystem was the align-
ing of biogas production with the farming businesses so as to expand and guar-
antee biomass supply, additional to organic waste. At the same time, an increase
in the biogas production volume created the need for ensuring that the by-prod-
uct, i.e. digestate, was disposed of in a safe and feasible manner. The farms were
therefore another business actor that needed to be integrated in the biogas busi-
ness, since they can provide green biomass to be used for biogas production,
such as hay, and can take digestate to be used as organic fertiliser on their fields.

Following the traditional farming business model, the biogas producer
needs to buy green biomass at a price that is at least equal to the price of cur-
rently grown crops, so that the farmer’s revenue is not decreased. However,
there is a way to reduce the price for hay through introducing ley farming. Ley
farming is a method where certain fields stay fallow, i.e. unused for growing
food crops, for a year, and then are taken back into use, for example, for grain.
This way the soil restores its fertility in a natural way. If the farmer practices ley
framing and also uses digestate provided by the biogas production as organic
fertiliser, then it is possible to eliminate or significantly reduce the use of syn-
thetic fertilisers that constantly increase in price, as well as of pesticides and
herbicides. If the fields are managed in this way, the overall yield from all the
fields and the revenue generated by the farmer are likely to increase. For the
biogas producer this means that by extending the collaboration with the farmer
they can reduce the cost for purchasing the hay. At the same time, the problem
with disposing the digestate (or rather returning nutrients to the soil in a sus-
tainable manner) can be solved in a feasible manner.

The collaboration mechanisms applied in these two examples were analysed
and summarised through CIMO-logic (Context-Intervention-Mechanism-Out-
come) (Denyer et al., 2008; see Paper II for a detailed description of CIMO-logic),
so as to demonstrate what their role is and how they actually work (see Table 4).

The key element in the collaboration mechanisms presented lies in the eco-
system integrator’s ability to identify the fundamental drivers and business
model of the relevant stakeholders’ risks, uncertainties, operational and capital
costs, and business models in general. By harnessing these drivers the compa-
nies can be incentivised to participate and cooperate in the ecosystem. In the
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Table 4. Explanation of collaboration mechanisms through CIMO-logic

Biogas as traffic fuel

Biogas and farming

Context

Transportation company fear to invest in gas
driven fleet due to uncertainty in gas supply
and vehicle reliability.

Current business models make hay an expen-
sive source for biogas production.

Intervention

Joint offering for end user based on stable
fuel price, leasing, and a long-term mainte-
nance contract.

Biogas production is deeply integrated with
biomass production (joint production plan-
ning), leading to the possibility of nutrient

cycling and organic farming.

Both farmer and biogas company achieve
efficiency improvements in production
and increased value of their offerings to
customers.

Mechanism | Biogas consumption and steady supply are
ensured from the start of the system opera-
tion in order to facilitate the simultaneous
investment into the new vehicles and
distribution system. This is achieved by miti-
gating transportation company’s uncertain-
ties about biogas technology (transaction
efficiency) with a joint offering. Both biogas
company and vehicle dealer are able to
increase the sales volume of their products
and services.

New business model that builds on the low
price for hay and the ensured disposal of
digestate.

‘Chicken and egg’ problem is solved. Invest-
ments can be made simultaneously. Initial
ecosystem for biogas to be used as traffic
fuel is created.

Outcome

Potential for increased total value creation
Potential for increased total value creation through an industrial ecosystem.

through an innovation ecosystem.

case of the truck operators, joint offering by the biogas distributor and vehicle
suppliers allows for increasing and explicating the value of the total life-cycle
of investment made by the operators. In the farming case, joint production
planning serves as a mechanism for delivering system benefits to the biogas
producer and farmers. In both examples the innovative collaborative mecha-
nisms are required to align industries that are not connected traditionally, but
which need to become quite dependent on each other in the long term in order
to form a functioning and resilient ecosystem. As a result, the business models
of the involved companies need to undergo minor (in the case of vehicle deal-
ers) or major (in the case of farmers) changes. The framework for the business
model innovation through the development of collaboration mechanisms is de-
picted in Figure 9.
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Company A

Current
business
model

Focal firm

Current
business
model

Company B

Current
business
model

Focal firm

Company A

Renewed
business
model

Boundary-
spanning
business mode

collaboration
mechanism

Company B

Renewed
business
model

Ecosystem transition need: Design of collaboration mechanisms Establishment of target business

* Investment uncertainty based on: ecosystem:
» Lack of business capability * Incompatibilities of old business » New roles of companies
* Need for cost optimization models and new ecosystem functions * Renewed business models
* Low value of offering and goals * Increased collaboration and
» Need for filling new roles in the target interdependency
business ecosystem * Generation and capturing of

system value

Figure 9. Framework for business model innovation in ecosystem transition context.

The collaboration mechanisms discussed in Paper II form only a few exam-
ples of collaboration that is required in the biogas-for-traffic ecosystem. How-
ever, the process and logic of their development is the key to establishing and
operating boundary-spanning business models, which are required for building
ecosystems. The business model of the ecosystem integrator that builds on col-
laboration mechanisms is further discussed in section 4.4 and Paper III.

4.4.The boundary-spanning business model of the ecosystem
integrator (Paper Ill)

RQ3: How should the ecosystem integrator integrate other actors?

As discussed in section 4.2 (Paper I), modularity gives flexibility to the business
model of the company that will integrate the ecosystems required for biogas busi-
ness. The need for collaboration with various ecosystem participants was also
addressed in section 4.3 (Paper II), where it was discussed that the collaboration
mechanisms serve as interfaces and also form an important part of a boundary-
spanning business model of a company that will integrate the ecosystem. In Paper
I11, the business model of the ecosystem integrator is analysed in greater detail in
order to identify the way systems thinking and IS could be incorporated into it.

Based on the differences in the business models of the stakeholders which
the ecosystem integrator needs to involve in the ecosystem, the overall business
model of the focal ecosystem integrator can be divided into five sub-systems as
envisioned in Figure 10. Depending on the business logic of various stakehold-
ers, the ecosystem integrator needs to develop various ways to establish reliable
and mutually beneficial collaboration with them.
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5. Biomass from farming to biogas 2. Biogas for public transportation
biogas . Bus City
Animal manure operators
farm
digestate  [— r Y e T B Ssreerevssveres LA
Crop [* - Biogas producer | : | biogas | : Vehicle
: DA - » Truck users :
farm - »  and distributor : : dealers
green biomass . : :
e D T | digestate 3. Biogas for truck operators
sludge o
Wastewater City | | biogas Leasing
R »  Car users
: treatment parks | company
: 1. Sewage sludge to biogas © 1 4. Biogas for car users

Figure 10. Sub-systems in the target ecosystem.

Table 5 summarises how, through understanding and addressing current
business models of the relevant stakeholders, and the challenges they faced in
regard to joining the resultant biogas-for-traffic ecosystem, the ecosystem inte-
grator was able to adjust its own business model so as to establish collaboration.

Integration is achieved by considering the stakeholders’ revenues, opera-
tional and capital cost structures, as well as their industry logics, and busi-
ness models. After this phase, the connections between the stakeholders are
established by various commercial, social, or technical mechanisms. Certain
mechanisms allow interlocking with the stakeholders” business models while
also recognising that they belong to a different value chain. Other mechanisms,
however, result in drastic changes in the stakeholders’ business models in order
for them to fit better into the target ecosystem. For example, production plan-
ning together with the crop farms requires a drastic change in the business
model of the farmers: from growing the same crops every year using fertilisers,
to crop rotation and utilisation of digestate on the fields. Another mechanism
is the mitigation of uncertainty regarding investments. This can be done, for
example, by cooperating with the leasing or vehicle sales companies that would
bear the risk of owning a vehicle. Finally, joint offering by the biogas distribu-
tor, i.e. the ecosystem integrator in this case, and vehicle dealers can make the
core products of both actors more valuable when sold in combination.

As a result of developing the multitude of collaboration mechanisms (Table 5),
the business model of the ecosystem integrator includes the following elements:

« Offering:
- Differentiated pricing for different customer groups based on the biogas
volumes they can consume
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- Fixed-price and long-term contracts for high volume consumers

- Joint offerings with vehicle dealers
o Cost structure:

- Different production costs depending on biomass utilised

- Production planning with crop farms
» Cooperation:

- Higher involvement of non-business actors, such as the city authorities
» Expansion:

- Gradual investment into infrastructure enlargement

The five analysed sub-systems are the basis for making the ecosystem func-
tion. Three of them ensure biogas consumption (sub-systems 2, 3, and 4), and
two ensure biomass supply (sub-systems 1 and 5). The business model of an
ecosystem integrator acquires a certain level of modularity because these sub-
systems can be treated as quasi-independent. This is not only useful for dealing
with the multitude of stakeholders in the ecosystem, but also enables a strategy
of gradual ‘construction’ for the ecosystem to followed. The order of numbering
the sub-systems (see Figure 10) is in line with the plan of how the ecosystem
was to be built in the focal case. It started with securing the sewage sludge sup-
ply and the commitment of the large consumers, and then the integrator needs
to make the first investment into the distribution infrastructure. Sales to small-
er consumers, such as car users, as well as the construction of the relevant in-
frastructure starts later as a certain stability within the system is reached. This,
in turn, requires securing additional sources of biomass and re-definition of the
farmers’ business model in order to make the collaboration a win-win situation.

As a result of the differentiation in the ecosystem integrator’s offering, cost
structure and revenue model, the business model acquires the flexibility nec-
essary in order to integrate a complex system of actors that are traditionally
outside of the renewable fuel production value chain. This appears to be cru-
cial for establishing IS in general and the biofuel systems relying on it, since
they require increased interdependency among stakeholders so as to be able to
function as a whole. The collaboration mechanisms, i.e. joint production plan-
ning, joint offering and re-distribution of investment risk serve as tools to make
the benefits of such increased dependency apparent and ensure commitment of
ecosystem stakeholders. Together they connect various actors into a function-
ing business ecosystem as depicted in Figure 11.

The essence of the boundary-spanning business model that the ecosystem
integrator builds is in abandoning the idea of a ‘one size fits all’ business model
and attempting to align it with the business models and logics of other ecosys-
tem participants. Taking a proactive role in shaping the ecosystem, the inte-
grator in many cases might also need to shape the business models of others
through various collaboration mechanisms. The reason for this is the need to
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Figure 11. Representation of target business ecosystem through
collaboration mechanisms among ecosystem actors.

reach system goals, which are often unachievable if current industry structures
remain intact. Thus, through the boundary-spanning business model the eco-
system integrator attempts not only to shape the biogas-for-traffic industry, but
also other industries that might need to be integrated into the ecosystem.

Though the business model of the ecosystem integrator becomes relatively
complex due to diversification, it forms a good starting point for replicating the
ecosystem elsewhere, since the range of capabilities is broad enough to adjust
to other locations and business networks. Moreover, these same cooperation
mechanisms and logic in establishing ecosystems can be re-applied in new lo-
cations. This is further discussed in section 4.5 and Paper IV.

4.5. Replication of industrial ecosystems (Paper 1V)

RQ4: How industrial ecosystems can be replicated?

In answering the question of how industrial ecosystems for biogas-for-traffic
solutions can be developed an important question is how they can be developed
on a regular basis. The reason for this is the need to change industry structures
to the ones based on circular economy on a wider scale. That is, in this research
the aim was not only to develop knowledge on how to create a concrete indus-
trial ecosystem in the focal location, but rather it was necessary to gain knowl-
edge of how such industrial organisation can drive the whole biogas-for-traffic
industry. In more practical terms, a biogas-for-traffic system, in order to be
resilient and competitive, cannot be limited to one geographical location; ve-
hicles generally drive between locations and a wide distribution network is re-
quired to expand biogas use as a fuel. Due to the reasons discussed in Chapter
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1, centralised mass-production of biogas and distribution similar to fossil fuels
is not sustainable in all three dimensions. Thus, the establishment of many local
industrial ecosystems was seen as the way to achieve economies of repetition
(Davies and Brady, 2000), making biogas-for-traffic business feasible and com-
petitive. That is, such organisation was seen as a sustainable option for overall
business growth of a company producing and distributing biogas.

Since the physical and business environment in every new location is varia-
ble, it is not possible to have a universal solution that can be copied completely.
However, utilising a modular approach and knowledge of how ecosystems can
be integrated, it is possible to replicate industrial ecosystems and at the same
time achieve economies of repetition. Such replication does not exclusively
concern the technical part of the ecosystems, but is rather based on business
replication so as to ensure business viability of the ecosystems to be developed.

Paper IV presents a replication framework based on this approach and dem-
onstrates the logic of its application through assessing the potential of build-
ing biogas-for-traffic ecosystems in new locations by re-applying the knowl-
edge developed in the original case, as discussed earlier. The latter includes the
knowledge concerning the structure of ecosystems (Paper I), the collaboration
mechanisms (Paper II), and the business model of an ecosystem integrator (Pa-
per III). The original industrial ecosystem (Figure 10) serves as a vanguard case
(Brady and Davies, 2004), i.e. as a model for replication.

The knowledge generated during the development of the vanguard case was
applied in six other locations (named A-F) in order to identify how modules,
interfaces, and sub-systems developed earlier can be reused, which adjustments
are required, and how the business model of the integrating company changes.
One of the new locations chosen was an urban location of a size comparable
to the location in the vanguard case (city A), but situated at a considerable
distance from it. The other locations (towns B-F) were smaller municipalities,
which are fairly close to the original location.

In order to replicate the solution, it was necessary to create an analytical
model explaining which elements can actually be reused or copied in the new
location, and which new elements need to be introduced. Thus, the knowledge
developed in the vanguard case was turned into a so-called meta-ecosystem
(see Figure 12). The knowledge regarding more elementary 'building blocks'
(as demonstrated in Paper I) and the interfaces between them (i.e. collabora-
tion mechanisms discussed in Paper II and Paper III) evolved into a set of pre-
defined sub-systems, which can serve as larger and distinct 'building blocks'
for establishing a biogas-for-traffic system. Each of the sub-systems serves a
specific function: biomass production, biogas distribution or biogas consump-
tion. However, the logic of collaboration within these sub-systems has major
differences in organisation and implications. For instance, utilisation of waste
biomass for biogas production requires no changes to the business model of the
'supplier' and brings income to the biogas producer. In turn, utilisation of more
valuable material such as hay requires a drastic change in the business model
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Figure 12. The structure of the meta-ecosystem.

of the supplier, i.e. the farm, and incurs costs to the biogas producer. Incentives
for cooperation are, logically, different in various sub-systems. The collabora-
tion logic within each of the sub-systems is described in detail in Table 6. The
grouping into three functions also highlights the fact that the production value
chain needs to be aligned by the ecosystem integrator, i.e. biogas production
and consumption levels, as well as the distribution means, need to correspond.

The development of a meta-ecosystem helped achieve another important
goal in replicating the knowledge regarding the vanguard case. The assessment
whether a biogas-for-traffic solution would be a feasible business in the van-
guard case required substantial calculations that addressed certain limitations,
such as energy content and availability of various biomasses, biogas distribution
distance, capacity of biogas upgrading, compression, liquefaction, and trans-
portation equipment, etc. By enriching the meta-ecosystem with such knowl-
edge, it was possible to define feasibility criteria for each sub-system, which
could be used when planning a biogas-for-traffic system in a new location. For
example, biogas production from sewage sludge has several measures for suc-
cess that need to be taken into account. It is not only important to ensure that
there is enough biomass, but also that the digestate can be utilised in a reason-
able manner, and that there is enough dedicated space for its allocation. In the
case of consumption sub-systems, it was crucial to ensure that the total net pre-
sent value of an investment into a gas-fuelled vehicle would be high enough for
the biogas consumers to switch to the biogas technology. This directly depends
on the price of biogas offered, the number of vehicles in the fleet, the length of
routes, and even the distance between a vehicle depot and a fuelling station.
Consequently, the rich knowledge on how each sub-system functions allowed
not only planning potential biomass sources and biogas consumers in a new lo-
cation, but also assessing the viability of one or another model for cooperating
with biomass suppliers or for reaching biogas consumers.
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Table 6. Characteristics of the major sub-systems
in the meta-ecosystem and the interfaces within them

Sub-system | Characteristics of the sub-system Interfaces integrating the modules within the
sub-systems
Waste to Biomass energy potential: low The biogas producer has to make a long-term contract for
biogas Biomass price: negative | sewage sludge treatment in order to secure the biomass
Value of the digestate: low supply in the long term. Commitment by the city to utilise
Number of decision-makers: ~ small digestate for landscaping in city parks is crucial in order
to utilise the low-value by-product.
Farming Biomass energy potential: high Establishment of efficient nutrient cycling by using a crop
biomass to Biomass price: positive rotation technique to produce hay to be used for biogas
biogas Value of the digestate: high production - along with utilising biogas digestate as
Number of decision-makers:  large organic fertiliser. The biogas producer is able to reduce cost
associated with hay acquisition.
Pipeline Biogas flow: constant | The feasibility of pipeline distribution is defined by the dis-
Biogas volume: large tance between the biogas production plant and the filling
Transportation distance: short stations, construction costs, and returns from biogas sales.
Investments in infrastructure:  high The integrator defines whether the volumes of sold biogas
Operating costs: low are large enough and constant enough in order to recoup
investment into pipeline distribution.
Compressed Biogas flow: irregular | Transportation of biogas as (BG is a feasible option if long-
biogas Biogas volume: medium | term contracts cannot be made with biogas consumers, and
Transportation distance: medium the biogas flow is small or difficult to predict. CBG is also an
Investments in infrastructure: ~ low option for longer transportation distances.
Operating costs: medium
Liquefied Biogas flow: irreqular | Transportation of biogas in the form of LBG can be feasible
biogas Biogas volume: large for the integrator if large enough volumes of biogas can be
Transportation distance: long sold over long distances.
Investments in infrastructure: ~ medium
Operating costs: high
Biogas for Consumption per vehicle: high The city government is involved in the environmental
public trans- Number of decision-makers: small criteria as regards the tendering of public transportation
portation Type of decision-making: public so that biogas technology is preferred. A joint offering
Required distribution network: ~ small made by a vehicle dealer, a leasing company, and the
biogas distributor which includes gas vehicles, fuel, and
leasing would reduce the end user’s uncertainty. The biogas
distributor offers reduced prices and long-term contracts
for bus operators as they are large consumers. Distribution
is done through a larger depot.
Biogas forlarge | Consumption per vehicle: high Joint offering by the vehicle dealer, leasing company and
local consumers | Number of decision-makers: small biogas distributor, including gas vehicles, guaranteed fuel
Type of decision-making: private and leasing in order to reduce the end user’s uncertainty.
Required distribution network:  small Biogas distributor offers reduced prices and long-term

contracts for truck operators as large users. Only a limited
distribution infrastructure is needed within the city.
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Sub-system | Characteristics of the sub-system Interfaces integrating the modules within the
sub-systems

Biogas Consumption per vehicle: low The city offers free parking and other incentives for clean

for small Number of decision-makers: large vehicle users. The integrator agrees with existing fuel

consumers Type of decision-making: private distributors that they operate biogas distribution at their

Required distribution network:  large

filling stations and makes invests in upgrading them.

Biogas for long- | Consumption per vehicle: high The integrator can offer a joint offering together with ve-
haul traffic Number of decision-makers: small hicle dealers and leasing companies - such as in the case of
Type of decision-making: private large local consumers. However, there is a need to develop

Required distribution network:  large a larger distribution network. Focus on such consumers is
a solution for locations where there is no potential for a
local consumption which is large enough, but where the
potential for biogas production is high.

Following the described logic, the locations A-F were assessed as potential
areas for expanding the biogas-for-traffic business planned in the vanguard
case. Location A appeared quite similar to the vanguard location in terms of
large predictable consumption volumes as well as availability of both waste and
farming biomass. Thus, most sub-systems could be copied business-wise with-
out many adjustments. In other location, however, a different set of sub-systems
appeared to be feasible. For example, in location D, where demand for biogas
was difficult to predict, it was unreasonable to aim at local consumers with
pipeline distribution of biogas. Instead, transportation in CBG tanks was more
feasible due to a number of reasons: operation could be stopped if there was
low or no demand for biogas, consumers in a neighbouring large town could be
reached, and there was an opportunity to sell the vehicles for CBG transporta-
tion in case the local ecosystem fails.

The feasibility analysis of different biogas production, distribution and con-
sumption sub-systems in the six locations showed that certain modules or even
sub-systems could be copied completely, thereby reducing the adaptation costs.
For example, long-term collaboration with vehicle dealers and leasing compa-
nies that operate not just locally but countrywide eliminates the respective costs
and efforts, since potential biogas consumers can be approached with the same
offering once it has been established. Similar collaboration can be initiated with
existing fuel distributors and fertilisation companies. Other elements, such as
new collaboration mechanisms, need to be created if old models cannot be used.

Two replication strategies were identified based on how much the vanguard
case differed from a feasible solution in new location. It can be concluded that
the original solution could be copied in location A, while locations B-F could
serve as satellite locations, which were not feasible on their own, but only with-
in the total biogas business. This is due to the fact that adequate biogas con-
sumption volumes could be expected from the traffic passing through the loca-
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tions, which in turn depended on establishing the network of biogas-for-traffic
ecosystems in the country.

This leads to the conclusion that a larger business ecosystem (Gulati et al.,
2012; Moore, 1996), which unlike industrial ecosystems is not bound to loca-
tions, has to be established. The integrator cannot serve all the functions in the
ecosystems, but the support of relevant partners is crucial for the success of a
biogas-for-traffic business. Consequently, the main capability of such a com-
pany is not the physical production or distribution of biofuel, but rather the
ability to integrate the required stakeholders and adapt to local conditions by
means of a flexible business model. Reuse of previous knowledge and constant
learning are key to building such a business model. The process of the replica-
tion of biogas-for-traffic industrial ecosystems is visualised in Figure 13.

Learn and expand the knowledge on sub-systems

Vanguard ecosystem Meta-ecosystem Replicate ecosystems

L J

Reuse the knowledge on sub-systems

Figure 13. The process of ecosystem replication and knowledge reuse.

Such a replication approach was developed for a company that wants to
develop biogas-for-traffic solution on a larger scale. Therefore, the vanguard
ecosystem plays a crucial role: all the knowledge developed during its design
and implementation can be structured into the knowledge about its elements,
interconnections among them, and rules of recombination. Such a structural
outlook should simultaneously embed business planning, and allow the crea-
tion of a sustainable business based on a number of distributed production and
consumption units. The learning process, when new modules, interfaces, etc.
are developed, is important in enhancing the replication capability of an eco-
system integrator.

4.6. Summary of research results

In solving the ill-defined research problem of how sustainable industrial eco-
systems can be designed, the research questions evolved throughout the re-
search process (as discussed in section 1.4). The answer to the sub-question of
what the challenges in developing industrial ecosystems are was expected to
inform the solution development as well as the questions asked. As a result, the
following key issues were identified, which ultimately affected the way the main
research question were to be answered:
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« It was difficult for biogas as traffic fuel to compete with fossil fuels in the
industry structure and business logic intended for fossil fuels.

 The development of an industrial ecosystem for biogas production and
utilisation in transport required connecting traditionally separate indus-
tries (this is both a part of the definition and an implication of IS).

» Development of a biogas-for-traffic ecosystem required investments into
infrastructure and vehicles, which inferred high uncertainty for the rel-
evant ‘investing’ actors.

« Innovations in terms of industry structure, where business models of vari-
ous actors need to undergo changes, normally face a resistance. However,
such innovations also bring opportunities.

Given these challenges, the development of industrial ecosystems proved to
be inseparable from larger business ecosystem restructuring. Thus, the first step
in answering the main research question of how biogas-for-traffic industrial
ecosystems can be designed was to realise that the business logic of biogas-
for-traffic industry needs to correspond to the nature and goals of utilising the
sustainable fuel. Therefore, the need to create a business ecosystem that entails
the principles of IS and distributed energy production, as the basis for produc-
tion, was identified. Taking the perspective of the implementer, business model
innovation by the company that would develop such a business ecosystem - the
ecosystem integrator — was seen as a means to achieve the required industry re-
structuring. This, in turn, required a strong focus on establishing collaboration
among ecosystem stakeholders and development of multiple local industrial
ecosystems as part of business growth.

As a result, the research problem was divided into two research foci - inte-
gration and replication - that ultimately merged within the topic of an ecosys-
tem integrator’s business model. To summarise, the answers to the main re-
search question of this study include the following:

« Proposition of a business-driven approach to developing industrial eco-
systems, i.e. through business model innovation and consequent business
ecosystem restructuring

o Articulation of the critical features of the ecosystem integrator’s business
model and the logic of its development

Figure 14 depicts the process and results of answering the research questions.

To recap the main results developed in the four research papers, Paper I
proposes considering businesses, rather than the technical units, as functional
modules of the industrial ecosystem in order to address the business ecosys-
tem level of their formation. Paper IV builds on this approach and develops it
further by explicating the replication strategy, where more complex functional
sub-systems act as building blocks for industrial ecosystems. Further, Paper
IV dwells on the business model of the ecosystem integrator, which becomes
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diversified and modular. Paper II explicates a number of collaboration mech-
anisms that are designed to establish collaboration between formerly uncon-
nected industries. Paper III further discusses how the development of such col-
laboration mechanisms enables the boundary-spanning business model of the
ecosystem integrator required for integrating a sustainable business ecosystem.
The implications of these results are further discussed in Chapter 5.

RQ 1. How can modularisation help RQ 2. How can collaboration be
in the development of industrial established within industrial
ecosystems? ecosystems?

Main RQ. How to design
sustainable industrial ecosystems?
- Through business-driven approach
- Through developing a business
model (BM) of an ecosystem
integrator that is:

Through
collaboration
mechanisms

Dividing into
functional
modules

Through a
boundary-
spanning BM

Through a
modular BM

Boundary-

Dl ostulir spanning D\

RQ 4. How can local industrial RQ 3.How should the ecosystem
ecosystems be replicated? integrator integrate other actors?

Figure 14. Answering the research questions.
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@ DISCUSSION AND CONCLUSIONS

The purpose of this chapter is to synthesise and discuss the key findings of the four
research papers. Then, theoretical, methodological, and managerial implications
are explicated. Finally, the limitations of the research are discussed and topics for
further research are proposed.

5.1. Key findings

The aim of this research was to study how to design sustainable industrial eco-
systems, taking biogas-for-traffic industry as an example. The research was
done within the paradigms of clinical research and DSR in order to generate
actionable knowledge that is prescriptive and capable of driving change. The
key findings of this research include the following:

1.The business-driven approach to designing industrial ecosystems, which is
characterised by shaping business ecosystems through business model in-
novation, is based on:

o the need for a system integrator

o the characteristics of the target ecosystem which inform the change pro-
cess

2.The characteristics and the process of developing the respective business
model of the ecosystem integrator is built on:

o collaboration mechanisms in order to build a boundary-spanning busi-
ness model

o functional modularisation and replication in order to base the business on
a multitude of local production and consumption systems

As regards the first finding, it brings together the knowledge concerning busi-
ness model innovation, and particularly open innovation (Amit and Zott, 2010;
Chesbrough, 2003; 2006; Wikstrom et al., 2010), as well as industry reshaping
through innovative business models (Brusoni et al., 2009; Jacobides et al., 2006,
Normann and Ramirez, 1993)° and industrial ecology (Chertow, 2000; Frosch

*Similar to the notions of market effectuation (Sarasvathy and Dew, 2005) and ‘blue ocean strat-
egy’ (Kim and Mauborgne, 2005)
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and Gallopolous 1989; Graedel and Allenby, 1995) in order to facilitate the de-
velopment of the business dimension in industrial ecology. The business side of
industrial ecosystems is known to be under-researched (Coelho and Ruth, 2006;
Woodard, 2000). This fact was a prerequisite of this research, which was set to
address this shortcoming by proposing how to make IS not only environmentally
sound but also feasible. Business models are known as a vehicle for innovation
(Amit and Zott, 2012; Casadesus-Masanell and Ricart, 2010; Magretta, 2002) and
the role of business ecosystems in the success of any kind of innovation has been
articulated (den Ouden, 2012; Geels, 2002; Gulati et al., 2012). However, these
two perspectives have not been merged in order to prescribe how business model
innovation should drive the ecosystem restructuring required for industrial re-
newal. The existing studies depicting how certain companies achieved this (Gu-
lati et al., 2012) take a more observational and historical position. In contrast,
the development of sustainable industry structures, such as those relying on IS,
requires a forward-looking and creative approach.

At the same time, a number of studies in industrial ecology articulate the need
for a wider outlook on industrial ecosystems, that is, not only focusing on the
material energy exchanges, but also on the corresponding value exchanges and
changes in the business models of the respective actors (Lombardi and Laybourn,
2012). Following this research agenda, in the business-driven approach proposed
in this study industrial ecosystems as traditionally understood become only a
structural element in a new biogas-for-traffic business ecosystem. Consequently,
the development of industrial ecosystems is not seen as an end in itself, but more
as an inspiration in the restructuring of the biogas-for-traffic industry towards a
structure that is sustainable in all dimensions. This standpoint is the main reason,
in this research, for focusing on the business model level and its effect on the
target business ecosystem.

At this point, it is crucial to discuss whether the solution designed within this
research is indeed sustainable. As argued in section 2.1, the initial design of the
biogas-for-traffic industrial ecosystem adheres to the first three system condi-
tions that address environmental sustainability. The essence of producing biogas
from local organic waste and non-food biomass solution does not contribute to
currently prevailing unsustainable practices. Moreover, considering the whole in-
dustrial ecosystem in focus, a larger contribution to preserving the natural capital
can be recognised (see Table 7).

The fourth system condition, which regards the ability of society to meet
their needs, is partly fulfilled by the fact that the basic needs of food produc-
tion, transportation and safe waste management are fulfilled by this solution.
Biogas production from non-food crops and waste does not undermine local
food production capacity and, instead, contributes to more sustainable farming.
Moreover, the fact that biogas production corresponds to a part of the local de-
mand helps avoid the negative effects of biofuel mass-production. Thus, it can
be concluded that the focal solution is environmentally and socially sustainable
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Table 7. Compliance of the focal biogas-for-traffic solution

with the first three system conditions of the FSSD®

System condition 1

System condition 2

System condition 3

Content In the sustainable society, In the sustainable society, In the sustainable society,
Nature is not subject to Nature is not subject to Nature is not subject to
systematically increasing systematically increasing systematically increasing
concentrations of substanc- | concentrations of substanc- | degradation by physical
es from the Earth’s crust es produced by society means

Meaning Society needs to elimi- Society needs to stop in- Society needs to eliminate

nate the contributions to
increasing concentrations of
substances extracted from
the Earth’s crust

creasing the concentrations
of substances produced by
society

the contributions to the
systematic physical degra-
dation of nature and natural
processes

Examples of unsus-
tainable practices

Mining of heavy metals and
fossil fuels

Increasing concentrations
of plastics, dioxins, P(Bs
and DDT

Overharvesting forests,
destroying habitat and
overfishing

Compliance of the
focal biogas-for-
traffic solution
with the condition

« Fossil fuel (diesel) is
replaced with renewable
fuel (biogas) in public
transportation

« The need for mining
phosphorous to be used as
a fertiliser is eliminated

« Switch to ley farming
allows eliminating the
use of synthetic fertilisers,
which otherwise cause
nutrient runoff

- Smart crop rotation can
eliminate the need for
pesticides and herbicides

- Organic waste is ‘recycled’
and returned back to na-
ture instead of degrading
ina landfill

- Ley farming and the use
of digestate as a fertiliser
allows the farmland to be
restored in a natural way,
eliminating the need to
expand the farmland due
to the erosion of old fields

by design. It is important to note, however, that following the FSSD frame-
work, envisioning a sustainable future is only a starting point, while concrete
actions and the assessment of their impact on sustainable development need to
conclude the implementation of such a solution (Robert et al., 2002; The Natu-
ral Step, 2014). Thus, this 5-level framework is specifically useful for guiding
changes in individual businesses. In the case central to this thesis, a whole in-
dustrial ecosystem is developed, which comprises a number of businesses. The
focus is, therefore, not on altering operations of one company, but on building a

®Based on Robert et al. (2002) and The Natural Step (2014)
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business ecosystem that will fulfil transportation, waste management and food
production needs within a new production mode based on industrial symbio-
sis, which proves to comply with the goals of sustainable development. Thus,
the main action in regards to achieving the envisioned sustainable solution is
to actually implement it.

At this stage, the economic sustainability of the solution, which is another
part of the fourth system condition of the FSSD, becomes crucial. As discussed
earlier, this thesis aimed at generating the knowledge of how economic sus-
tainability can be embedded into the planning of industrial ecosystems. By
addressing the feasibility of the biogas-for-traffic industrial ecosystems, an im-
portant goal was achieved: the total sustainability (environmental, social and
economic) was embedded into the design of the solution. Indeed, profitability
and viability of the overall system and its individual elements, i.e. businesses,
defines whether a solution is able in practice to contribute to sustainable devel-
opment. This is in line with the observation made by Arias-Maldonado (2013)
that the extensive discussion and conceptual work around sustainable devel-
opment has led to the situation when sustainability is seen as a state that can
never be achieved.

In order to regain a practical meaning, the definition of a sustainable busi-
ness, solution or production mode needs to encompass a number of pragmatic
criteria:

« Potential to be implemented fast enough and to ‘gain momentum’

« Potential for utilising existing infrastructure and technical solutions if
they do not contradict sustainability

« Profitability and viability without extensive external support

o Flexibility in terms of adjusting to changing business conditions

The design of the biogas-for-traffic solution discussed in this thesis was
largely guided by these pragmatic rules. The reason for that is in the fact that
while considerable attention has been paid to the environmental sustainability
of various solutions, while their actual ‘implementability’ has been neglected.
Definitely, these criteria need to be perceived only within the total sustainabil-
ity vision (for example, as a part of the four system conditions defined in the
FSSD) so as to avoid shifting the environmental burden from one industry or
geographical area to another (Baumgartner and Korhonen, 2010).

As a result of embedding the economic dimension into planning indus-
trial symbiosis, the business model of an ecosystem integrator became the
key finding of this study. The business model is not discussed in detail in
terms of its elements as is often done in business model studies (Afuah and
Tucci, 2001; Chesbrough and Rosenbloom, 2000; Linder and Cantrell, 2000;
Osterwalder, 2004; Teece, 2010). Instead, the main stress is put on the char-
acteristics of such a business model that allow its ultimate goal to be reached,
namely: integrating the business ecosystem required for successful develop-
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ment of biogas-for-traffic industrial ecosystem. The two crucial character-
istics of this business model are the ability to ‘span the boundaries’ through
specially designed collaboration mechanisms and the capability to replicate
industrial ecosystems thereby achieving economies of repetition (Davies and
Brady, 2000). Such focus is largely effected by the features of the biogas-for-
traffic industry as envisioned in this thesis.

Firstly, in the move from fossil-based industry structures to one compliant
with the essence of bioenergy, fuel production needs to rely on local, distrib-
uted production and consumption systems. The old logic based on reducing
costs through mass-production appears to be obsolete in a bioeconomy as well
as a contradiction to the sustainability of biofuel. In order to make the produc-
tion of biogas feasible, there is a need to make the distributed mode competi-
tive. Bringing in the knowledge on replication (Davies and Brady, 2000; Jons-
son and Foss, 2011; Winter and Szulanski, 2001) and functional modularisation
(Hellstrom, 2005) allowed the replication strategy to be developed in order to
extend the local industrial ecosystems based on an unconventional structural
outlook on ecosystems (see section 4.2) and the reuse of business (rather than
only technical) knowledge. As a result, the designed business model of the eco-
system integrator acquired the necessary flexibility in order to adjust to local
conditions, and this played a crucial role in the IS (Baas, 2011).

Secondly, the question of collaboration within the business ecosystem ap-
peared to be critical due to a number of reasons:

 Business ecosystem restructuring bears a large portion of uncertainty in
terms of new investments and faces strong resistance as regards invest-
ments in an existing infrastructure that have already been made. This is in
line with Geels’ (2002; 2005) observation that it is hard to break prevailing
technological regimes and overcome a ‘cartel of fear’ situation when busi-
ness actors are afraid to be the first to modify to a new regime and accord-
ingly make new investments.

« Collaboration within industrial ecosystems is even more challenging given
the fact that the industries that need to be integrated, e.g. farming, vehi-
cle sales, waste management, biogas production, are not accustomed to
working with each other (Desrochers, 2001). Although the proximity of
the physical business actors can aid in integration, the varying and non-
intersecting business logics can be integrated only if some of the actors
alter their strategies. Here, the business model of the ecosystem integrator
needs to be the most innovative and ‘proactive’ so as to make collabora-
tion within the ecosystem sustainable and feasible. The business models
of other ecosystem actors are also likely to change if proper collaboration
mechanisms are developed.

It can be concluded that the increased interdependency among the ecosys-
tem actors is able to generate both system benefits, i.e. benefits that are inac-
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cessible for a separate element on its own (Simon, 1962), and high uncertainty,
especially regarding investments. Since there is a need for both creating and
capturing system value, identifying value drivers in each ecosystem member’s
individual business is a pre-requisite for establishing the ecosystem. However,
there seemed to be barriers to exploiting these drivers. For this reason, col-
laboration mechanisms developed in this study are designed to address the
uncertainty by sharing risks among the ecosystem stakeholders and to make
the value drivers come into play through tighter integration of the activities
of certain actors (e.g. joint production planning of the biogas producer and a
farmer discussed in Paper II). The business model of the ecosystem integrator
is also shaped through the development of collaboration mechanisms. These
mechanisms function by reflecting and addressing the system value creation
and capturing, so that the business model becomes boundary-spanning (Wik-
strom et al., 2010; 2011).

Not only the notion of a modular and boundary-spanning business model
for the ecosystem integrator can be identified as a result of this study, but also
the process of its development, which is articulated in Papers III and IV. This
process represents the actionable knowledge because the logics employed can
be used to develop the business model of an ecosystem integrator for industries
other than biogas-for-traffic, which face a similar need for restructuring. In
that respect, companies operating in industries that require decentralisation
can benefit from the replication strategy described in Paper IV. Companies that
operate in industries requiring a large ‘reshuffling’ of the business ecosystem
or the development of a new ecosystem, where the roles of various companies
appear in a new light, would benefit from considering and building a bounda-
ry-spanning business model with the help of collaboration mechanisms. These
mechanisms, however, would be largely context-dependent, although the es-
sence would remain the same: reducing actors’ uncertainty regarding invest-
ments and structural changes, as well as increased integration of the actors’
business operations.

Thus, the detailed design of the business model of an ecosystem integrator
serves as a normative model of how to develop the biogas-for-traffic ecosys-
tem from a company perspective. This is due to the fact that the stipulations
given at the business model level are able to drive companies into action,
whereas description and discussion of the benefits of industrial ecosystems
and renewed business ecosystems are not able to prescribe the way the change
can be achieved.

5.2. Theoretical contribution

The research presented in this thesis attempts to bring together two research
fields: industrial ecology and management studies. In addition, the methodo-
logical approach employed in the study provides new insights into both areas.
As a result, the thesis contributes to these research fields in the following way:
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« Industrial ecology: the thesis addresses the call for more studies on the
business level of industrial ecosystem formation (Korhonen, 2004; Lom-
bardi and Laybourn, 2012) and particularly the implications for the busi-
ness models of the involved actors. A normative model for business-driven
development of industrial ecosystems is proposed in addition to the poli-
cy-makers’ level approaches proposed earlier (Agarwal, 2011; Baas, 2011;
Boons and Howard-Grenville, 2009; Elabras Veiga and Magrini, 2009).

« Management studies: the thesis specifically addresses the topic of system
innovation (Ceschin, 2013; Gaziulusoy et al., 2013; Geels, 2005) and in-
novation in business ecosystems (Gulati et al., 2012; Moore, 1996; den
Ouden, 2012) by explicating how business model innovation (Amit and
Zott, 2012; Chesbrough, 2007; 2010) can be the trigger for achieving more
sustainable industry structures, such as those relying on IS.

5.2.1. Contribution to research on development of industrial ecosystems

The first contribution of this thesis is that it develops and explicates the busi-
ness-driven approach to the creation of industrial ecosystems. This approach is
expected to complement the middle-out approach proposed earlier (Costa and
Ferrdo, 2010; Mirata et al., 2005). The replication approach proposed in this pa-
per is argued to be a sustainable and feasible strategy for organising businesses
based on distributed production and IS. The novelty of this approach is the
fact that the primary driver for building new industrial ecosystems is not the
pursuit of optimising material and energy flows, and thereby costs, in one loca-
tion, but rather the development of the business ecosystem around the integrat-
ing company along the lines of IS. Thus, inter-organisational learning becomes
a valuable capability, inaccessible to companies that try to replicate industrial
ecosystems based on intra-organisational learning. Such learning leads to the
development of collaboration mechanisms with the various types of stakehold-
ers who have a similarity in their business models and logics.

Although common ideas and trends appear in the literature on planned in-
dustrial ecosystems (Agarwal, 2011; Baas, 2011; Behera et al., 2012; Elabras Veiga
and Magrini, 2009), the perspective taken on these issues is fairly different in
this study. For instance, the study by Behera et al. (2012: p. 106) proposes that
risk management within IS networks and the rules for developing the required
business models need to be discussed among companies willing to establish IS.
However, since the paper addresses the perspective of policy-makers or outside
facilitators, any detailed explanation of how risks can be mitigated and what the
business models should be like is insufficient. Moreover, such approaches are of-
ten based on a presumed willingness of companies to participate in industrial
ecosystems, which has been criticised (Lombardi et al., 2012). The approach pro-
posed in this study builds on a business model innovation strategy that strives
to engage ecosystem actors even if not originally interested in collaboration or
initially opposed to it. This is achieved by business reasoning and designing ways
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to develop win-win situations or ‘lock-in; i.e. through collaboration mechanisms.
Moreover, the business model level is addressed in this study, further comple-
menting the policy-makers” perspective proposed in previous studies.

The need to address business models in greener industry structures, and IS
in particular, has been formulated in previous writings on the topic (Korhonen
et al., 2004; Posch et al,, 2011). It has also been noted that industrial ecology
became too focused on the material side of IS. Thus, the challenging task was
to embed and elaborate the business side of industrial ecosystems relying only
on the research in industrial ecology. The research on business ecosystems (den
Ouden, 2012; Gulati et al., 2012; Moore, 1996) was helpful not only due to the
similarity of the terms, but also due to its close connection with the formation
of new industry structures based on IS. The present research is therefore seen
as contributing to merging knowledge on business and industrial ecosystems
in the pursuit of developing more sustainable industry structures. By doing so,
it was possible to move the focus of industrial ecology from highly context-
dependent, unique, and trust-based exchanges to a more transactional model
for a biogas industry relying on the principles of IS.

5.2.2. Contribution to research on system innovation

As a second contribution, the present research developed the notion of action-
able knowledge for making system innovations (Ceschin, 2013; Gaziulusoy et
al., 2013; Geels, 2005) through a business model innovation (Amit and Zott,
2012; Chesbrough, 2007; 2010) in the context of a biofuel industry that needs
to depend on material flow exchanges as envisioned by IS. Current studies on
business ecosystems often focus on, for example, the ICT sector, where material
flows play a secondary role, while knowledge integration is the key (Osterwal-
der, 2004). The biogas-for-traffic industry serves as a specific example of busi-
ness that requires a business ecosystem change in order to succeed and which
also involves large investments, infrastructure development, and material flow
planning. Moreover, since this business ecosystem is designed to be based on
IS and to be able to compete with prevailing unsustainable fossil fuel-based
industry logics, this change can rightfully be ascribed to be an eco-innovation.

It has been noted that many ‘eco-innovations’ are the result of isolated com-
panies striving to optimise their production and operations thereby remaining
at an incremental level (Larson, 2000; Wagner and Llerena, 2011), as well as
leading to ‘sub-optimising’ and to completely ignoring the systemic perspective
(Boons, 2009). System and radical innovation has been argued to be a better
way to bring new, greener technologies into operation through restructuring
unsustainable modes of production (Ceschin, 2013). The challenge was seen
in the need of a larger system-wide effort (Boons et al., 2013) and an extensive
reconnection of industries as traditionally defined (Moore, 1996). Although the
need for system innovation has been articulated, the prescriptive knowledge on
how a company, which strives to deliver such innovations in the highly chal-
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lenging and unusual context of IS, can shape the business ecosystem still re-
mained to be developed. Moreover, the potential of a company to conceive a
systemic perspective of the industry and, based on that, lead the change was
still to be explored. For example, Geels (2005) argues that companies are not
able to affect the larger landscape of their business, but rather they can affect
the business ecosystems only when ‘windows of opportunity” appear. In this
thesis, a different perspective is taken, namely that while certain opportuni-
ties, such as the rising price of fossil fuels, are able to foster the use of biogas as
traffic fuel, the biogas company, i.e. the ecosystem integrator, needs, in fact, to
shape the business landscape (Ceschin, 2013) through innovating its own busi-
ness model (Amit and Zott, 2010; Chesbrough, 2010).

Recently, there have been attempts to connect the theory on business mod-
els with eco-innovation (Boons and Leudeke-Freund, 2013; Boons and Wagner,
2009). It has been noted that companies striving to make radical system innova-
tions need to shift the innovation effort from the products or processes they con-
trol to the larger systems of which they are part. Moreover, they need to actively
construct the appropriate business model and engage the relevant stakeholders
in such a development (Boons et al., 2013). Boons and Leudeke-Freund (2013)
defined how business model innovation could contribute to eco-innovation:

“Business model change on the organizational level is about the implemen-
tation of alternative paradigms other than the neoclassical economic world-
view that shape the culture, structure and routines of organizations and thus
change the way of doing business towards sustainable development; a sustain-
able business model is the aggregate of these diverse organizational aspects.”

Boons and Leudeke-Freund, 2013: p. 15

Thus, the thesis contributes to the field of system innovation, and system
eco-innovation in particular, by articulating the design of an ecosystem integra-
tor’s business model that would enable large industry restructuring to become
more symbiotic, reciprocal, and distributed. The ability to understand other
ecosystem actors’ business models and incentivise them based on that knowl-
edge (Turner and Simister, 2001) serves as the basis for the integrator’s business
model, which will ‘lock in’ the stakeholders in a sustainable manner. The eco-
system integrator connects to other actors’ business models not only through
vision development and knowledge sharing (as proposed e.g. by Baas, 2011) but
also through concrete business mechanisms, i.e. the collaboration mechanisms
described in Papers II and III. As a result, the structure of the new business eco-
system is in a way reflected in the business model of the integrator, that is, the
business model becomes boundary-spanning (Wikstrom et al., 2011).

The prescriptive knowledge on the structure of such business models and
the process of their development are crucial for eco-innovation, because in the
current business world, where industry structures and connections are shaped
by companies, the change towards more sustainable industry structures is more
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likely to succeed if initiated at company level. Business model innovation is
therefore seen as the tool for creating business ecosystems that are more resil-
ient and more sustainable in all three dimensions.

5.3. Methodological contribution

The methodological approach employed in this study is seen as a methodo-
logical contribution to management studies, especially when connected to in-
dustrial ecology and sustainability studies. In the pursuit of sustainability, it is
impossible to derive the ways of cleaner production and better management
practices from the past. As discussed earlier, mass-production logics lead to
overproduction, overconsumption, and depletion of resources (Mirata et al.,
2005). At the same time, taking into account the fact that management prac-
tices tend to change very rapidly in the constantly innovating business world,
post-observation studies may become out-dated before they are accessible for
practitioners. Thus, there is a need to use existing explanatory knowledge to
envision new industry structures and develop relevant models for enabling
them. This, in turn, requires a forward-looking approach, such as implied by
the design mode of research (Romme, 2003; van Aken, 2004; van Aken and
Romme, 2009). Moreover, in search for more sustainable industry structures,
post-observation is able to only provide the knowledge of current situation and
therefore the model of ‘what should not be done’ This can be informative as in
the case of the four system conditions discussed in section 2.1, which reflect
the flaws of the basic design in our society. However, such knowledge cannot
inform the design of the alternative solutions on its own. The need for Mode 2
research, which would produce practical or actionable knowledge able to drive
change, has been articulated earlier (Nowotny et al., 2001).

With regard to management studies in general, it is true that the design
mode is not among the widely accepted approaches to generating knowledge.
The explanation for this might be due to the fact that testing is the key factor
in design. Therefore, to do DSR, there is a need for an access to companies
and other relevant actors in order to validate and test the generated manage-
ment knowledge against practitioners (van Aken and Romme, 2009), which in
practice may be considerably challenging and risky. This, in turn, necessitates
the requirement for collaborative research practices when a DSR approach is
employed. By combining clinical research and DSR, it was possible to develop
a comprehensive method that is both constructive and collaborative. Based on
the pragmatic research paradigm, such an approach fulfils the need for produc-
ing knowledge that is actionable, grounded in a research context, yet transfer-
rable to other similar contexts.

Another contribution of the methodology developed in this thesis is its ability
to provide a multi-disciplinary outlook on the research problem. Industrial ecol-
ogists have stressed the need for employing the knowledge from many research
domains in order to develop more sustainable industries and futures (Lombardi
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and Laybourn, 2012; Posch et al., 2011). As Coté and Cohen-Rosenthal (1998: p.
185) noted some time ago, the analysis of IS is difficult because it stretches across
disciplinary sets that rarely interact, such as, industrial ecology, economic or
business frameworks, and the networks of businesses and the surrounding com-
munity. By employing ANT and methods derived from it, such as controversy
mapping (Latour, 1987; Markowski, 2008), it was possible to take into account
human and non-human actors with different natures. That is, when certain tech-
nical, political, regulative, social, or business factors appeared to be critical for
ecosystem development, they were taken into account and measures to manage
them were adopted as the solution was developed. This allowed the technical,
business, and social side of IS to be considered in order to achieve a solution sus-
tainable in the environmental, economic, and social dimensions.

As a result, the research methodology developed in this thesis can be char-
acterised by being:

« Constructive

« Future-oriented

« Collaborative
 Multi-disciplinary

The characteristics of the research methodology allowed the production of
knowledge capable of driving change (Cohglan, 2009; Schein, 1995) and taking
a holistic perspective on the biogas-for-traffic industry. The proof of actionabil-
ity and thereby validity of the produced knowledge in a pragmatic sense (Put-
nam, 1987) has been discussed in section 3.4. It is important to note that the
exact combination of clinical research (Schein, 1993) and DSR (Romme, 2003)
can be seen as yet another methodological contribution. Such a merger allowed
the action research cycle to be enacted, i.e. the validation of research results and
evolvement of the research problem, and enabled the creative mode required for
solving a clinical problem. As a result, actionable knowledge, which could drive
change on the focal industry but also (importantly) was transferable to similar
contexts, was produced. Such a methodological approach is expected to address
the shortcomings that are often the cause of criticism against action research,
i.e. considerable action, but little research. The ability to generalise the knowl-
edge produced within this study is discussed further in section 5.5.

5.4. Managerial implications

The foremost managerial implications of this research include the content and
the development process of the business model of an ecosystem integrator. In
addition to the companies directly producing and/or distributing biogas, many
other companies can benefit from attempting to make their operations more
sustainable and gain advantages by becoming an ecosystem integrator in their
own industry, or a newly developed one.
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Firstly, in order to utilise the models proposed in this thesis, the way compa-
nies perceive their business needs to be enhanced. This means that the idea of
boundary-spanning (Wikstrém et al., 2010) or open (Chesbrough, 2003; 2010)
business models needs to be expanded from direct value chains to the level
of industrial ecosystems, where traditionally disconnected (Chertow, 2000) or
diverse (Lombardi and Laybourn, 2012) value chains may be interlinked with-
in an IS. This is especially relevant for businesses that are based on industrial
ecosystem thinking, such as biofuel production. However, other industries that
require a renewal of industry structure, even without this restructuring being
based on IS, are expected to benefit from the following recommendations:

o It is crucial to realise that any company’s success is dependent on the busi-
ness and socio-technical ecosystem around it. Moreover, that an ecosys-
tem usually spans the boundaries of traditionally defined industries (in
line with Moore, 1996), and therefore is challenging to embrace using old
business logics and models.

« To implement a system eco-innovation a company needs to become an
ecosystem integrator, if not overtly then in terms of its role within that
ecosystem. This, in turn, requires a boundary-spanning business model
that will facilitate the increased cooperation and positive interdependency
with the relevant stakeholders.

« The integrator needs to develop capabilities to cover larger parts of the
overall system (Gulati et al., 2012) and to focus on the business benefits of
all stakeholders or, in general terms, understand the underlying business
ecosystem. By taking into account the business model and the inherent
logic of the key stakeholders, a business model that ensures their coopera-
tion can be designed and implemented.

» A boundary-spanning business model can be built by considering and
addressing the most critical issues in the stakeholders’ own business
models when radical and system innovations are implemented. These
implementations would include operation and capital costs, investment
risks, and market uncertainty. Such a business model can be built based
on the business mechanisms that reduce the named uncertainties, and
which will create value and cash flows among the ecosystem actors (as
demonstrated in Paper II).

« Since system innovation requires significant industry restructuring, it is
often neither possible nor reasonable for a company to accomplish it on its
own. Collaboration and open discussion is an important part of building
the business model for an ecosystem integrator.

The other logic and process presented in this study - that of replication
- can be utilised by companies striving to develop multiple industrial eco-
systems that have to be tailored to fit local conditions. Principally, this is ap-
plicable to many biofuel businesses and renewable energy businesses. Any
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industry that is inclined to the distributed mode of production can benefit
from such an approach. The key recommendations to such companies include
the following:

o The business ecosystem needs to be perceived as a combination of a num-
ber of functional sub-systems, which have their own business logic. That
is, instead of seeing the firm’s business as part of a traditional value chain
characterised by a supply and demand side, more sophisticated and com-
prehensive sub-systems need to be identified.

» Upon understanding the different logics within various sub-systems the
integrating company can develop business knowledge on how collabo-
ration can be established with one or another stakeholder and consider
which other stakeholders will be required. Such knowledge can be reflect-
ed in collaboration mechanisms, which can become more transactional as
they are repeated over time.

« When replicating industrial ecosystems in new locations this business
knowledge can be reused. Moreover, the feasibility, both technical and
economic, of various sub-systems needs to be assessed in each case. Based
on this, customised industrial ecosystems can be developed through com-
bining the most suitable sub-systems.

o A crucial part of such a replication process is the learning process, which
allows continuous improvement and expansion to be made of the knowl-
edge on various sub-systems, their characteristics and mechanisms re-
quired for integration.

5.5. Limitations and generalisability

The solutions and the business model developed in this thesis are case and
location specific. However, more generic implications can be transferrable to
other industries and cases. These include the strategies, processes, mind-sets,
and logics explicated in Papers I-IV and the extended summary. As expected
from actionable knowledge, it is fairly concrete and detailed, but can be directly
taken into practice by practitioners. Nevertheless, apart from the more generic
conclusions presented in this study (section 5.1), such actionable knowledge
can also be transferred to new contexts. In order to do this it is necessary to fol-
low a similar logic and define the challenges pertinent to the focal industry and
the need for its restructuring. If the pre-requisites are similar to this focal case,
similar strategies of partitioning the ecosystem and developing the business
model of the ecosystem integrator can be utilised. This process is described as
decontextualisation and recontextualisation, which depicts the way knowledge
produced in design, can be transferred to new contexts. In this respect, the
methodological approach utilised in this study is also important, because the
explorative, constructive, and collaborative research strategy is required to de-
velop similar actionable knowledge in new settings.
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Moreover, the solution developed for the focal biogas-for-traffic business is
not the only possible one. The replication framework presented in Paper IV,
demonstrates how the business knowledge on industrial ecosystems can be re-
used and adjusted to new locations. Thus, the actionable knowledge produced
in this thesis is expected to be generalisable not in a positivistic meaning, but
in a pragmatic sense - it is transferrable or transportable to similar situations
(Schon, 1995). Since testing of the knowledge was an important part of de-
veloping the solution to the research problem, the way new actors, testing the
knowledge in new contexts, accept these facts will influence the resultant solu-
tion in a new problematic situation. The effect of validation is an inseparable
part of producing knowledge that is actionable.

These findings are expected to be useful for other types of industry restruc-
turing. Many sectors are presently stagnating, and very often this is because
they are not able to embed new technologies and solutions into the old infra-
structures and business models. Taking biogas as an example, it is technically
identical to natural gas after upgrading, however, the old models of production
and sales did not correspond to the nature of the fuel and to the major goals
that can be achieved by utilising it. Although in this thesis IS is discussed, the
larger picture presents the collision of the old consumption and mass-produc-
tion based economy with the need for a more sustainable, agile and collabo-
rative one. The need for such fundamental changes can be expected in many
other industries, such as, for example, the energy industry in general.

One of the limitations of this thesis that the effect of competition with other
bioenergy solutions is not explicated. In the focal case, there was no compe-
tition for biomass, since other local bioenergy businesses utilised a different
type of biomass. On the other hand, competition for consumers with fossil fuel
industry was in the core of research. Competition with other biofuels for con-
sumers follows the same logic as in the case of fossil fuels, because the business
models and production modes in traffic biofuel industry are currently blue-
printed from the fossil fuel industry. In the future, however, it is possible that
a more localised mode of production of other biofuels would compete with the
proposed way of producing and utilising biogas.

Taking the perspective of environmental sustainability, biogas is seen as a
sustainable replacement of fossil fuels in transportation. Definitely, there are
other biofuel technologies available, including biodiesel and bioethanol. These
technologies could potentially be seen as competing. However, biogas proves to
outperform these options in terms of, for example, emissions: aldehydes are not
emitted when burning biogas, unlike bioethanol or biodiesel (Hammel-Smith
et al., 2002). Moreover, utilisation of bioethanol and biodiesel in heavy trans-
portation is bound to create a significant demand for certain types of sugar- or
oil-containing biomass. Biogas, on the opposite, can be produced of a variety of
waste biomass, which is more abundantly available. Finally, the benefits of pro-
ducing biogas within an industrial ecosystem as envisioned in this thesis have
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been explicated earlier. If biogas production can fulfil the local fuel demand
in a sustainable manner and fast enough, then it is unreasonable to speculate
whether other biofuel options could be a better solution at a later stage.

5.6. Recommendations for future research

Deeper research into collaboration mechanisms would be interesting in order
to derive a more comprehensive typology of the ways collaboration can be es-
tablished given the various challenges in industry restructuring. That is because
the mechanisms are expected to differ, depending on which risks cause uncer-
tainty, and how deep integration the collaboration requires.

Following the previous sub-chapter, it would be interesting to apply the de-
veloped knowledge to other industries. This can be done following the same
research process, i.e. trying to change the ecosystem while also observing it.
Although the context would be different, and certain ideas such as replication
might be less relevant, the ideas of boundary-spanning business models and col-
laboration mechanisms for restructuring industries are likely to be applicable.

Although this study only concerns one specific type of industrial ecosystem
and IS, there is reason to believe that the same approach is feasible for other
types of industrial ecosystems as well. In the pursuit of ‘producing more at a
lower price), which was required for fast economic development, mass produc-
tion-based industrial systems have developed beyond an optimal position (Mi-
rata et al., 2005). Thus, in many areas of business activity there is a tendency to
switch to smaller scale, distributed, and localised production and consumption
systems in order to comply with sustainability goals. The most apparent exam-
ples of industries that can benefit from such restructuring include the produc-
tion of other biofuels and bioenergy. In these cases, the replication approach
would be able to aid in increasing the feasibility and viability of new industry
architectures based on sustainable distributed production through economies
of repetition. Further research on the applicability of the replication approach
for developing other types of industrial ecosystems is needed in order to vali-
date and improve it further. Moreover, the potential and benefits of utilising
this approach for restructuring other industries, not directly based on the prin-
ciples of IS, is still to be explored.
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Appendix 1

Communications in project A

Actor Representative Time Certain major discussed topics
Local Directors and officers | Continuous | - requirements for local public transportation: economic, environmen-
municipal | at Environmental through- tal and social
authority | Protection Unitand | out the - decision-making in terms of renewal of public transportation fleet
Regional Public project - agenda for environmental improvements in the municipality and
Transport Unit potential of biogas-for-traffic business to benefit it
Food Senior Inspector Feb 2011 - benefits of organic fertilisers compared to synthetic fertilisers
safety (Fertilisers) - regulations and guidelines in the field of organic fertiliser produc-
authority tion
- potential for ley farming connected to biogas production
Agri- Senior Research Feb 2011 - benefits and challenges in utilising digestate from biogas production
cultural Scientist as bio-fertiliser
Research - infrastructural and logistical pre-requisites for utilising digestate in
Institute farming
- control of fertiliser production process and quality by the authority
Researcher Mar2011 | - biomass availability for biofuel production in the focal country
- infrastructural and logistical pre-requisites for establishing biogas-
for-traffic business
- feasibility assessment of biogas production from various biomasses
Fuel dis- Head of Business Mar 2011 - options for biogas distribution
tribution Unit (2 persons) - political and legislative environment and its impact on biogas
company industry
- infrastructure development and renewal required for biogas-for-
traffic business
Vehicle Product Manager Feb 2011 - challenges in sales of gas-driven vehicles
dealer#1 | (Passenger cars) - technical and economic characteristics of gas-driven vehicles
- feasibility of investment into gas-driven vehicles and factors driving it
Sales Director Mar 2011 y . g . 9
(Buses) - competition with other technologies
uses - infrastructure development required for introducing gas-driven
Sales Director Mar 2011 vehicles in the focal context
(Trucks)
Vehicle Country Manager, Apr 2011 - challenges in sales of gas-driven vehicles
dealer #2 Sales (Buses) - technical and economic characteristics of gas-driven vehicles

- feasibility of investment into gas-driven vehicles and factors driving it

- competition with other technologies

- infrastructure development required for introducing gas-driven
vehicles in the focal context
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Appendix 2

Communications in project B

Actor Representative | Time Certain major discussed topics
Farming Managing Director | Dec2010 | - potential for innovative bioeconomic solutions in farming
company - challenges related to environmental, social and economic sustain-
ability of such solutions and farming in general
Biofuel Director (Business | Dec2010 | - business model and earning logic of company’s biofuel business
producer Development Unit) - situation on biofuel market and potential for development
- current and missing actors in the biofuel industry ecosystem
- potential cooperation between various biofuel production and
renewable energy production industries
Vehicle dealer | Sales Director Dec2010 | - availability of gas-driven vehicles on the market
- challenges in selling gas-driven vehicles in the focal country
- technological peculiarities of biogas-fuelled vehicles and their
effect on end-customer
- required capabilities of vehicle suppliers in biogas system: existing
and missing
Supplier Business Dec2010 | - role of technology providers in biofuel business
of energy Development - opportunities for technological innovations in the field of bioen-
solutions Manager ergy and current developments
- need for political and legislative support for bioenergy industry
- roles of various actors in bioenergy ecosystem
Design and Managing Director | Dec2010 | - potential for technological innovations in biogas business
consulting - potential for exporting knowledge on biogas business
in biogas
technology
Bioenergy and | Managing Director | Dec2010 | - challenges, opportunities and threats to biogas business
bio-fertiliser - stakeholders in biogas business: required and existing
producer
Fuel distribu- Vice President Jan 2011 | - future of gas, biogas, and LNG industries, their interconnections
tion company | (2 persons) - political and legislative environment and its impact on biogas
industry
- challenges and decision-making in switching to biogas technology
- infrastructure development and renewal required for biogas-for-
traffic business
- challenges in biogas-for-traffic business pertinent to the focal
country
Environmental | Director of a Jan2011 | - general challenges to bioeconomy

research
institution

business unit

- policy-making and legislative aspects of bioeconomy development
- production of biofuels locally and from local materials
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Actor Representative | Time Certain major discussed topics

Food safety Senior officer Feb 2011 | - potential and obstacles in connecting biofuel and feed production
authority (Feed control) - safety requlations and control in animal feed production
- animal feed production as side-business and concrete examples

Director (Plant Feb 2011 | - utilisation of biofuel production side-flows for fertilisation: risks,

production) requlations, benefits

- requlative structure and tools in plant production control

- current successful and unsuccessful examples of symbiosis be-
tween biofuel production and plant growing
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Appendix 3
Communications in project C

[ Week, year 2012 [ Week, year 2013

14
15
16
17

] <[ ] o N[ ] en[ <] ] o] ~[ o] @ o] =] & o] <] 0] o] =] o o o of = ol
Actor Q| ]| Q] ]| K] @] | @] oof oaf wf &f & F| <] ) | | 9| F| F| F| B[ D [ N ] ¥ 0N @] =

Internal discussion

City (environmental unit)

City (public transportation) wi

Wastewater treatment company

Biogas producer w2 .::.

Potential biogas producer .

Research organisation (Transport)

Research organisation (Agriculture) :.

Farmer’s union/representative

Bus operator #1

Bus operator #2

Waste management company #1

Waste management company #2

Waste management company #3 .
Bus dealer #1 . wi

Bus dealer #2 wi

Bus dealer #3

Bus dealer #4 wi

Bus dealer #5 wi

Bus dealer #6 wi

Bus dealer #7 wl

Bus dealer #8

Truck dealer #1 .::.

Truck dealer #2

Truck dealer #3 :.
Truck dealer #4

Logistic company #1

Logistic company #2

Logistic company #3

Logistic company #4

Logistic company #5

Logistic company #6

Logistic company #7

Logistic company #8

Logistic company #9

Small delivery companies (8)

Energy facility

Advisor #1 . .

Advisor #2

Advisor #3

Potential investor

Potential investors (private) w2

Financer #1
Financer #2 ._

Financer #3 H | i

Fuel distributor #1

Fuel distributor #2 J

Fuel distributor #3 r

Finnish bus operator .

Swedish municipality A (Env.office)

Swedish bus operator #1: city A

Waste management company: city A

Swedish delivery company: city B

Swedish bus operator #2 city B

Swedish bus operator #3: city B

Swedish bus operator #4: all country

Swedish bus operator #5: city C

Swedish bus operator #6: city D

Face-to-face meeting

Joint workshop

Face-to-face meeting (by other researcher)
Joint workshop (lead by other researcher)
Telephone call
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Designing sustainable
industrial ecosystems: The
case of a biogas-for-traffic
solution

Current industrial organisation requires a transition to
more sustainable modes of fulfilling society needs. There
is a clear trend towards functional economy and demate-
rialisation, which calls for the switch from owning to deliv-
ering functionality. Still, energy and therefore fuels need
to be produced in order to procure, for example, transpor-
tation services. Biofuels are able to overcome the prob-
lems of emissions and scarcity associated with fossil fuels
if produced and utilised in a sustainable manner. In this
thesis, the metaphor of industrial symbiosis, which implies
material and energy cycling among industries, serves as
an inspiration for a circular and distributed way of organis-
ing biofuel production. A biogas-for-traffic solution is uti-
lised as an empirical case in this study. The key challenge
of making such an industrial organisation economically
sustainable is addressed by proposing replication and
business model innovation strategies that allow creating
a resilient business ecosystem around biofuel business.
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