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Abstract

This thedis investigates the process of innovation in environmentd technology and the role
that government interventions can play in fostering this innovation, using a cross-sectoral
perspective based on three Nordic sectors — mobile phones, pulp and paper, and buildings.
Using an andytica framework based on innovation and environmentd policy and their
interactions with three preconditions for innovation — access to knowledge, access to
resources, and market formation — the dynamics of environmenta innovation occurring
across the three sectors (mobile phones, pulp and paper, and buildings) were examined.
Literature and empirica materias were used to establish a picture of the innovation dynamics
of the sectors under review and additiond information gathered from sector-specific case
studies was used to provide ingght into how actors within the various sectors innovate and
respond to policy interventions. Suggested policy directions are put forward based on issues
identified through an analyss of the materids. The research confirms that policy
interventions require a sector-specific gpproach but notes that environmentd innovations face
smilar barriers with regards to a lack of markets across dl sectors. This thesis argues that
environmental policy can be used in conjunction with innovation policy to put forward the
necessary impetus to alow the preconditions for innovation to be fulfilled with respect to
environmenta technology development. Furthermore, it notes tha there is a potentid for
learning between sectors in some cases to be used as means of helping to overcome
innovation bariers. A method that policy makers can use to help sdect gopropriae
interventions to foster innovation in environmenta technology is proposed. While this thesis
provides some preiminary insght into the overal innovation dynamics of the studied sectors
and the specific process of environmenta innovation, innovation dynamics, environmental
issues and policy interventions remain complex fidds. Further research a both the sector
level and the policy level are needed to gain a deeper understanding of the environmental
innovation process.
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Executive Summary

This thedis investigates the process of innovation in environmentd technology and the role
that government interventions can play in fostering this innovation in the Nordic countries.
Environmenta technology represents an important pat of the solution to reduce
environmental pressures that are occurring worldwide and innovation in environmenta
technology presents a unique opportunity to couple the gods of economic and environmentd
growth. The Nordic Council of Ministers has developed an Environmenta Action Plan, with
the am of cementing the Nordic region as afront runner in environmental matters, and has
identified environmentd technologies as an important dement in achieving their strategy.
Additiond insght into how to promote innovation in environmenta technologies through
policy interventions could serve as a useful tool in helping to address these gods. In
particular, three Nordic sectors are examined in closer detail — mobile phones, pulp and paper,
and buildings. These sectors represent important areas of the Nordic economy and have
historically and/or presently been on the environmental policy agenda.

Innovation is acomplex process that isthe result of a series of interactions between afirm and
its environment and that is affected by a number of factors, including government policy.
Based on previous work done, three necessary preconditions for innovation have been
identified — access to knowledge, access to resources, and formation of markets.
Environmental innovation is a particular subset of innovation, which has been broadly defined
as the use of production equipment, techniques and procedures, and products and product
ddivery mechanisms that are sustainable. It comprises innovations having environmenta
benefits that are redised intentiondly or as unintended side effects. Based on the public
goods nature of environmentd innovation, athird element of regulatory pull is considered to
be a necessary addition to the traditiond technology push and market pull mode of
innovation. The nature of environmentd innovation makes it interesting from two particular
policy perspectives — innovation and environmentd policy. Based on areview of literaure,
innovation policy tends to support the first two preconditions of innovation — access to
knowledge and access to resources — while environmentd policy largely supports the third —
formation of markets. As such, these policy areas could be used as complementary tools to
help foster environmental innovation.

Using an andytica framework based on innovation and environmentd policy and their
interactions with the three preconditions for innovation, the dynamics of environmentd
innovation occurring across the three selected sectors were examined. Literature, interviews,
and unpublished project materids were used to gain ingght into the innovation dynamics of
each sector and case studies within each industry were used in order to gain a more nuanced
understanding of how actors within the different sectors innovate.

The materids reviewed confirm that sectors display different characteristics that require
specific, customised policy interventions.  Conditions and issues surrounding the
preconditions of innovations vary between sectors. Familiarity with knowledge generaing
activities, frames of reference of actors, paenting issues, industry structure, and the role of
SMEs can vary between sectors. The case studies have pointed to the importance of multiple
knowledge inputs and networking in the innovation process, as well as to the multidisciplinary
nature of environmentd innovations. Industry resources, access to and attitudes towards
public funding, and human resource issues are varied amongst sectors and the importance of
the availability and timing of public funding interventions as well as access to private funding
are highlighted. Issues surrounding market development have included the nature of the
innovation (e.g. customer or supplier-led, core busness or otherwise), market distorting
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factors, and consumer demand and potential sendtisation of the industry to environmentd
issues. These factors can affect the types of interventions that may best be suited to a
particular innovation trgectory. Severd case Sudies have demonsrated that ability of
environmenta innovation to arise in the absence of direct environmenta policy drivers, while
in others environmental policy has played an important role in cregsting markets and/ or
stimulating knowledge generation activities. This indicates tha environmentd policy has the
potential to play an important role in facilitating environmental innovations in some instances.

Based on the work conducted, a method to help policy makers gain insight into what measures
to take to help foster innovation in environmentd technology is put forward. Environmentd
innovation is a subset of innovation. Consequently, it is affected by the innovation dynamics
and characterigtics of the sector in question as wdl as by the nature of the environmentd
innovation. In order to hep establish the most gppropriate environmenta policy and
innovation policy interventions, selection of the sector where improvement is sought &fter, as
well as the desired direction of innovation is a potentid first step. An understanding of the
sector’s innovation dynamics and characterigtics, and the nature of the innovation is a
subsequent step. A picture of the naure of this innovation in relaion to the sector
characteristics can then be established in order to provide insght into potential courses of
policy action.

While this research has provided some prdiminary ingght into the nature of environmental
innovation in three Nordic sectors, innovation dynamics, environmentd improvements and
policy remain complex issues that require further research in order to gan a broader
understanding of the topic a hand and additiona insight into the role of policy in specific
sectors.
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1 Introduction

The world is undergoing significant transformations. The human population doubled from 3
billion to 6 billion in the 40 years between 1959 and 1999, and the total population is expected
to reach 9 billion by the year 2042 (U.S. Census Bureau, 2007). The majority of this population
growth has occurred, and is expected to occur, in the developing countries (The World Bank
Group, 2001) The world is becoming increasingly industridised and, economicaly,
globalisation is occurring a a substantiad pace. Developing economies are growing rapidly as
industries formerly hosted in developed countries move to regions with relaively lower
production costs and large workforces.

In recent years, the European Union (EU) has drawn atention to these issues and to its
declining ability to compete on the world economic stage in terms of traditiond
manufacturing and industrid activities. Asareault, a the Lisbon summit in March 2000, the
European Council presented its new development plan for the European Union, declaring its
srategy to make the EU ‘the ntdt aopetitive and dynamic knonedgebesad exnary in the warld,
capable of sustainable economic growth with more and better jobs and greater social cohesion”.

The socid and economic changes described above have come hand in hand with substantid
environmenta effects. Resource depletion, waste generaion, and environmentd degradation
are occurring a an darming pace. Consequently, increasing attention is dso being pad to the
need to simultaneousy address environmenta concerns. In 2001, following the Lisbon
strategy and recognising the need to incorporate environmenta issues into the Lisbon agenda,
the Goteborg European Council launched the EU strategy for sustainable development (that
is, development that meets the needs of the present without compromising those of future
generaions). The drategy sets objectives for sustainability, cdling for a more integrated
gpproach to policy making which will dlow economic, socid and environmenta objectives to
be achieved concurrently.

In October of 2003, the European Council recognised the potentid of environmentd
technology to help redise these objectives and to create synergies between environmentd
protection and economic growth. As a response, the Environmenta Technologies Action
Plan (ETAP) was cregted with the am of “harnesging] the full potentid [of environmentd
technologies] to reduce pressures on our natura resources, improve the qudity of life of
European citizens and stimulate economic growth” . The objectives of the Action Plan are:

e to remove the obsacles in order to tgp the full potentid of environmentd
technologies to protect the environment while contributing to competitiveness and
economic growth;

e to ensure that over the coming years the EU takes a leading role in the development
and application of environmental technologies; and

e to mobilise dl stakeholders in support of these objectives (European Commisson,
2004).

The field of environmenta technology represents a unique area in which the European Union
can work to bridge the aspirations of the both the Lisbon and Géteborg strategies, helping the
gods of sugtanable development and knowledge creation to be achieved smultaneoudly.
Through innovation in the field of environmentd technology, Europe can continue to strive

1
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for itsgoa of environmental protection, while developing a unique knowledge base which will
alow it to position itself as aforerunner in environmental technology development.

Despite this recognition by the European Union of the importance of environmentd
technology, there is, however, a generd perception that these technologies are currently not
reaching their full market potentid. As such, additiona efforts are needed to stimulate
innovation in thisfield. Thisthen raises the question: “How can governments and policy makers help
to foster innovation in the field of environmental technology”?

The smplicity of this question, however, belies the complexity of the answer. The process of
innovation and the incluson of environmentd gods in the marketplace are complex and
multi-dimensiona issues. Policy makers have used innovation policy and environmentd
policy to correct market falures in both processes and much effort has been put into
understanding innovation dynamics.

This thess focuses on environmenta technology innovation in the Nordic countries. This
region has along tradition of cooperation in the environmenta field and has been aleader in
this area for years (Nordic Council of Ministers, 2007). The Nordic Council of Ministers has
developed an Environmenta Action Plan, with the am of cementing the Nordic region as a
front runner in environmenta matters, and has identified environmenta technologies as an
important eement in achieving their strategy (Nordic Council of Ministers, 2007). Additiona
ingght into how to promote innovation in environmenta technologies through policy
interventions could serve as a useful tool in helping to address these goals.

It has been recognised in innovation literature that the rate and type of innovation and the
organisation of innovative activities varies across sectors (Mderba, 2005). Sector-specific
characteristics can play a role in the innovation process and consequently sectors may have
different responses to and needs from environmenta and innovation policy interventions.
This thess examines the occurrence of environmentad innovation in three sectors in the
Nordic economy, through an overview of the sector’s innovation dynamics and a review of
several environmental innovation case studies in esch sector.  Examination of the
environmenta innovation process across a range of sectors and through a number of case
studies can provide a unique indght into the differences and samilarities which occur across
sectors in regards to environmentd innovations, with the aim of providing a view into how
innovation in environmental technology can better be fostered through government
intervention. In particular, this study focuses on environmenta technology innovations in
three distinct sectors: mobile phones, pulp and paper, and buildings. All three of these sectors
play a sgnificant role in the Nordic economies and have, historicdly and/ or presently, caught
the atention of environmenta regulators. They represent interesting points of focus because
of their diversity, their significance in the Nordic region, and their innovation potential.

1.1 Purpose of the Study

The purposes of this sudy are to axtribute to an undegandng d the types and deradeidics of
goanmat intevationsthat an beusad to fate innovatian in eviranmentd tedhnday in geerd and, more
specifically, in the satars under reden; and, in addition to antribute to an undedanding d the rde thet
sector characteristics play in shaping the environmental innovation process.

1.2 Research Questions
In order to fulfil the objective of this study the following research questions are addressed:
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e How has knowledge been accessed and used by actors in the innovation process and
what, if any, government interventions have played arole in this?

e How have resources been accessed and used by actors in the innovation process and
what, if any, government interventions have played arolein this?

e How hasthe formation of markets influenced the innovation process and what, if any,
government interventions have played arole in this?

e What are sector characteristics that affect the environmental innovation process?

1.3 Methodology

1.3.1 Research Background

The work done for this thesis has been carried in conjunction with an ongoing project funded
by the Nordic Council of Minigters (Gren Markds and Cleaner Tedndages [GMCT] — Lexdng
Nadc Innoetion and Telndaga Paetid fa Future Markes that ams a supporting Nordic
activities which enhance the diffuson of environmentd technologies. The project partners
are the Internaiond Ingitute for Industrid Environmentd Economics (I1IEE) a Lund
University in Sweden; the Finnish Environment Ingitute (SYKE); and the Department of
Development and Planning & Aalborg University (AAU) in Denmark. Additionaly, input
with regards to the area of technology evolution and industrid transformation has been
provided by Risoe Nationd Laboratory in Denmark. Three sectors — mobile phones, pulp and
paper and buildings — each representing an important part of the Nordic economy, were
chosen for review as part of the project. Sdection of the sectors was completed within the
project framework by the project partners and was based on a number of criteria including
recommendations of various Nordic government bodies, relevance to the Nordic innovation
systems, input from project partners, and availability of data from previous studies. AAU has
undertaken respongbility for the mobile phone sector study, SYKE for the pulp and paper
sector study, and the 111 EE for the building sector study. Case studies within each sector were
conducted by the respective project partners in order to gain a more nuanced understanding
of how actors within the different sectors innovate and how they respond to different
environmental and innovation policy signas. Work conducted by each project partner has
been synthesised into a series of three sector reports. The specific case studies reviewed for
each sector were chosen by the project partners based on a number of criteria, which are
further outlined in the individua sector reports. The author of this thesis has not been
involved in the origind sdlection of the sectors or the case studies used for the project
purposes. The selection, research and andysis of the case studies used for the project have
been conducted by the respective partners (the I11EE team, the SYKE team and the AAU
team). The case studies presented in this thesis have been synthesised from the project case
studies and, in some ingtances, this work has been supplemented by additiona primary and
secondary data obtained by the author of this thesis.

This thesis uses the sector and case study materids collected by the various GMCT project
partners, furthered by additiond literature and empiricd materids, to examine policy
implications for innovation in environmentd technology. For the purpose of this thess, in
the cases of the pulp and paper and the building sectors, only select case studies were reviewed
from amongst those completed by the project partners. Thiswas done in order to ensure that
a smilar number of case studies were reviewed for dl sectors and to provide a reasonable

3
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scope for the work. Case studies reviewed for the thesis were chosen based on their relation
to energy efficiency developments as well as on ther ability to provide interesting insight into
different aspects of the sectors. Energy efficiency represents amutual theme of interest across
al of the sectors reviewed in this thesis and provides a common basis for discussion across all
three sectors.  Additiondly, there is growing international concern regarding energy-related
issuest, making this an important point of focusin the policy field.

1.3.2 Research Phases
The work for thesis has been performed in three phases:

e Phase 1. Review of background information on environmenta technology and the
innovation process and literature on innovation policy and environmentd policy in
relation to innovation;

e Phase |l: Review of study materids related to the innovation dynamics and case
studies in the relevant sectors and supplementary interviews,

e Phaselll: Anaysis of the data gathered using the two af orementioned methods.

In phase I, literature regarding the topics of environmenta technology, innovation,
environmenta policy, and innovation policy was reviewed. Previous findings regarding the
effects of policy instrumentsin environmental innovations were examined, as was literature on
innovation policy, in order to gain a better understanding of these fields and their interactions.

In phase 11, data from materid collected within the GMCT project framework (sector reports,
background reports, workshop presentations and notes, unpublished memos, and interview
notes), from literature, and from interviews were used to establish a picture of the sectord
context in which the three sectors innovate. Case studies for each of three sectors were
reviewed. Where necessary and/ or available, additiond information regarding the innovation
dynamics of the sectors and the case studies was gathered via literature and interview sources.
Interviews were conducted in a semi-structured manner. Open-ended questions were used to
guide the interviews, but the discussion was not limited to these areas in order to help dlow
relevant ideas and information to surface. Questions and topics were adjusted based on the
interviewee. The magority of interviews were conducted via telephone, due to distance
constraints, and al interviews were conducted in English. Potential interviewees were selected
based on their ability to provide an additiond perspective into the materid collected during
the origind case studies and/ or on their ability to provide additiond insight into the
innovation dynamics of a sector. Where the inputs of a particular actor group were not
present in the sector-specific and case study materids, atempts to arrange discussons with
these groups were made. In total, in addition to the written materials provided for the project,
eleven discussions were held (five from the mobile sector, three from the pulp and paper
sector, and three from the building sector). Participants included authors of the case studies,
industry representatives, and academia. A completelist is provided in the references.

In phase 111, andysis of the collected materid was completed. Based on the andyss, a
discusson of the implications for policy in the promotion of environmenta technology

1 For example, in 2006, the EU adopted a new Directive on Energy End-use Efficiency and Energy Services (2006/ 32/ EC),
requiring that member states adopt and am to achieve an overal nationd indicative energy savings of 9% for the ninth
year of application of the Directive (to be implemented in 2008).
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innovation was conducted and suggestions for issues to consder in future policy plans were
put forward.

1.3.3 Research Framework

During the initid stages of the GMCT project, a research framework was established by the
project partners to be applied to dl of the sectord studies. Within innovation systems
discourse, a number of activities that are necessary for innovation to occur have been put
forward (see for eg. (Jacobsson and Bergek, 2004)). Based on discussons amongst the
GMCT project team, severd of the key activities related to innovation — access to knowledge,
access to resources and formation of markets — have been sdected to form the basis for the
project framework (see Figure 1-1). These activities represent preconditions which must be
met in order for innovation to occur.

Accessto Accessto Formation
Knowledge Resources of Markets
The opportunity The actor must be There must be a
must exist for the able to access market in which the
actor to create or to sufficient resources, development can be
access relevant including human and commercialized
knowledge financial resources,
to develop the
innovation

Figure 1-1 Preconditions for Innovation (Adapted from Rozite, 2006a)

Knowledge is a necessary precondition for innovation, including environmentd innovation.
This process can include the creation of new knowledge, for example through research, the
goplication or modification of an existing ideato a new frame of reference, or the compilation
of existing streams of knowledge to form a new solution. The involved actor(s) must have
access to the required knowledge, must be able to process this knowledge, and must be able to
relae it to an gpplication. As a technologica development proceeds, additiond knowledge
required to overcome bariers must be accessible.  Further, the capacity to transfer the
knowledge related to the innovation throughout the entire chain from conceptudisation to
commercialisation must exist.

In order for an innovation to be redised, the necessary resources must be available to the
involved actors. These resources include those of both a financid and a human nature.
Technology innovations are often coupled with high R&D costs and a need to demonstrate
the new technology prior to atempting commercidisation. Furthermore, in order for
innovation to be redised, proper human resources must be available. These human resources
bring with them the necessary knowledge and capabilities to dlow innovation to occur. If the
necessary resources are absent a any point dong an innovation path, the process can be
greatly slowed or halted.
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Innovation involves the firss commercidisation of a new idea. As such, the existence of a
market is a necessary precondition to dlow innovation to occur. Furthermore, in the case of
environmenta innovations, a grester benefit will be redised with ther diffuson throughout
the marketplace, in lieu of less environmentdly favourable dternatives. Markets can be
cregted “naturdly”, as a result of changes to the industry’s internd market stuation (eg. a
need for new products) or to changes to externa markets (e.g. changes in energy markets), or
they can be “forced” viaregulatory measures.

These innovation preconditions, as outlined in Figure 1-1, form the bass for the andysis
performed within this work.

Innovation is a complex process which is afected by many factors, including actors,
ingtitutions, and policies (Kemp, Smith et d., 2000). The characteristics of various sectors and
of the related sectord innovation systems can play a role in shaping the innovation process
within a given industry (Mderba, 2005). An examination of these characteristics and of the
corresponding barriers related to the innovation preconditions in a cross-sectord perspective
can serve to facilitate a better understanding of the environmental innovation process. From a
policy perspective, both environmentd and innovation policy represent interesting points of
focus with regards to environmenta innovations. These policy areas have received increasing
atention in recent years with regards to their influence on environmentd innovation. These
policies can assigt in the fulfillment of the necessary innovation preconditions by dleviaing
barriers that exist within the innovation process. Ingght into how these policies affect the
innovation preconditions within a sector and an identification of the characteristics of
supportive policies can help to provide a clearer picture of the policy elements required to
foster green innovations. Based on these premises and on the preconditions of innovation
discussed above, the following framework (see Figure 1-2) is used within this thesis to guide
the analysis of the collected materials.

ENVIRONMENTAL POLICY

T T
I 1
1 1
i 1
1 1
1 1
1 1
1 1
b4 v

Formation
of Markets

Access to
Resources

Access to
Knowledge

CHARACTERISTICS
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4 4
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1 I
T 1
1 I
1 I
| I
1 I
1 I

INNOVATION POLICY

Figure 1-2 Analytical Framework
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1.4 Scope and Limitations

This thess focuses on policies to foster innovation in environmenta technology. The
geographic scope of thiswork includes the Nordic countries, with specific emphasis, by nature
of the sector characteristics? and selected case studies, on Denmark, Sweden, and Finland.

Innovation is an intricate process that is affected by a number of factors including individuas,
networks, ingtitutions, and other framework conditions. This thess, however, focuses
primarily on the role of policy intervention in the process. Additionally, innovation is affected
by awide range of policy areas that can help to influence the setting in which it occurs. This
thesis focuses specifically on the areas of innovation policy and environmental policy and their
role in the innovation process.

While the achievement of sustainability is presumed to require innovation of various types,
including social, organisational and technological innovations, this thesis focuses principally on
the area of technologica innovation. While innovation, as daborated in Chapter 2, has been
used to refer specificdly to the firss commercialisation of a new technologys, the diffuson
process whereby a “green” innovation permeetes the marketplace can hep to redise more
widespread environmentd benefit. Therefore, the thess dso consders the diffusion process
as an important effect of government intervention.

Environmenta technology encompasses a broad range of technologies such as cleaner
materias and more resource and energy efficient products and processes. The environmentad
innovation cases examined in this thesis relate primarily to energy issues. Consequently, the
discussions put forward largely concern energy-related innovations and policies. This being
said, however, indghts into the overdl innovation dynamics of the sectors provided in the
work may have a broader relevance to a number of environmentally-related innovations.

In order for sustainability to become an achievable god, environmentd innovations must
occur and must be fostered across a broad range of sectors. However, thiswork is limited to
innovations occurring in the pulp and paper, mobile phone and building industries. While a
review of these sectors may also help to provide awider view of the environmental innovation
process, specific policy recommendations are limited to these areas.

1.5 Outline
Thisthesisis organised into a number of chapters.

Chapter 2 introduces the concepts of environmentd technology, innovation and policy that
are further called upon in this work.

2n the case of the mobhile phone industry, the major industry playersin the Nordic countries are Swedish and Finnish, with a
strong research core in Denmark. In the case of the pulp and pgper industry, magjor Nordic production occurs in Sveden
and Finland. In the case of the building sector, while it plays a significant role in dl Nordic countries, the case studies
focus on Denmark, Sweden and Finland.

3 According to Schumpeterian tradition, there are three stages in which a new technology permestes the marketplace. The
firgt isinvention, which is the initid development of a scientificaly or technicaly new product or process. The second stage
is innovation whereby a new product or process is made available on the market (commercidised). The find stage of
technologicd change is diffusion, where a successful innovation comes to be widely available for use in the gppropriate
marketplace (Jaffe, Newell et al., 2002). Thisisdiscussed further in Chapter 2.
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Chapter 3 provides a review of literature pertaining to environmenta and innovation policy
and their effects on the promotion of innovation in environmentd technology. A framework
for the analysis of collected data based on this review is presented.

Chapter 4 presents the three sectors under discusson in order to provide ingght into ther
innovation dynamics and the innovation setting in which the actors operate. The case studies
for each sector are presented in detall. Work in this chapter is based on both literature and
empirical data.

In Chapter 5, the collected materids are anadysed and discussed. Based on this discussion, a
series of potential policy directions are proposed.

Finally, in Chapter 6 mgjor findings and recommendations are put forward.
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2 Review of Literature: Introduction to the Concepts of

Environmental Technology, Innovation & Policy

Environmenta technology, innovation, and policy are key concepts in the discusson of how
to foster innovation in environmentad technology. The following section provides an
introduction to each of these concepts.

2.1 Environmental Technology

Environmentd technology has been touted as an important means of securing sustainable
development gods, by permitting the decoupling of economic growth from environmenta
degradation (Sevens, 2000). While the historicdly narrow view of environmentd technology
is limited to those technologies developed uniquely for purposes of environmentd
improvement (one tends to think of emission control devices on smokestacks), the current
understanding of the term broadens the perspective.

The definition of environmentd technology, as provided in ETAP, includes “dl technologies
whose use is less environmentally harmful than relevant alternatives”” (European Commission,
2004). This broad definition of environmentd technology has been further subdivided by
Hemmelskamp (1997) into two mgor categories. additive (end-of-pipe) technologies and
integrated technologies.

Additive technologies are disposd methods and recycling technologies related to actua
production and consumption processes. These technologies modify the emissions so that they
become less environmentdly detrimentd and/ or transfer them to another medium (for
example, in an ar gripper, waterborne chemicas will be transferred to an air phase) which is
eader to handle or which has been deemed as ill being able to tolerae additiond inputs.
With these types of technologies, minor, if any, changes are required to the origind
production processes.

Conversely, integrated technologies begin a the source of the emissions (i.e. & the process
or product itsdf). This includes, for example, the use of “cleaner” production techniques,
which generae less resdud waste and/ or use less resources (eg. energy-optimised control
systems), the use of materids which are less environmentdly harmful (eg. solvent-free
lacquers), and the production of products that have a lower environmentd impact (e.g.
products that use less energy or produce less waste). Within integrated technologies it is
further important to distinguish between products and processes. Products refer generdly
to goods or services while processes refers to production methods, including methods of
product delivery (OECD, 2005€).

4 This déefinition in turn, is based on the definition provided in Chapter 34 of Agenda 21 for environmentdly sound
technologies: “Environmentdly sound technologies protect the environment, are less polluting, use dl resources in a more
sustainable manner, recycle more of their wastes and products, and handle residud wastes in a more acceptable manner than
the technologies for which they were subgtitutes. Environmentally sound technologies in the context of pollution are process
and product technologies tha generate low or no waste, for the prevention of pollution. They dso cover end of the pipe
technologies for trestment of pollution after it has been generated. Environmentaly sound technologies are not just
individua technologies, but totd systems which include know-how, procedures, goods and services, and equipment as well as
organisationa and managerid procedures.” (European Commission, 2004)
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The types of environmentd technologies discussed above, relate directly to specific products
and processes. Banks and Heaton (1995), however, consder two additiona categories of
environmental technologies: new systems and new technological fields.

New systems comprise mgor changes in basc infrastructure such as energy, transport, and
housing that move the system towards environmenta sustainability. An example of thisisthe
creation of an advanced public transportation system.

New technological fields include areas that can provide fundamentdly different pathways
for activities and processes, resulting in less environmenta damage being realised. Examples
include biotechnology, which could reduce the use of fertilizers and pedticides, and
nanotechnology.

2.2 Innovation

The concept of innovation has been interpreted in many different ways throughout academia,
government and society and there is no universaly accepted definition. In a very generd
sense, innovation can be described as the introduction of a new idea, method, or device. In
the discussion regarding innovetions that are necessary to transfer the industrid state to a
sustainable one, innovation can be broadly classified into three categories. organisational,
social, and technological innovation — adthough the distinctions among these three may not
adways be clear (Ashford, 2001). It is dso important to note that these classes of innovation
are interrelated and can affect one another. Socid innovetion as defined below, for example,
can shape the direction of technological innovation.

Organisational innovation is often used to refer to the larger organisationd feetures of a
firm, beyond the organisationa festures of a specific product line. This type of innovation is
concerned with changes in and amongst various organisationa aspects of functions of the
firm, including research, product development, marketing, environmenta and governmentd
affairs, indugtrid reaions, worker hedth and safety, and customer and community relations.
Social innovation has been used to refer to modifications in the preferences of consumers,
citizens, and workers regarding the types of products, services, environmenta qudity, leisure
activities, and work, as well as modifications to the processes by which they influence those
changes. Socia innovation can alter both the demand for and the supply of what the industrial
state might offer (Ashford, 2002b).

The third type of innovation — technological — is the focus of this thesis. In the context of
environmental technology and innovation, the term technologica innovation is often
presented as an dement of the process of technologica change. According to Schumpeterian
tradition, there are three stages in which a new technology permestes the marketplace. The
first is invention, which is the initid development of a scientificaly or technicaly new product
or process. The second stage is innovation whereby a new product or process is made avalable
on the market (commercidised). The fina stage of technologicd change is diffusion, where a
successful innovation comes to be widely avalable for use in the gppropriate marketplace
(Jffe, Newdl et d., 2002). It isimportant here to note the distinction between invention and
innovation. As articulated by Schumpeter: “Innovation is possble without anything we should
identify as invention, and invention does not necessarily induce innovation, but produces of
itsdf . . .no economicdly relevant effect at dl,” cited in (Ruttan, 1959). In this sense, a firm
can innovate without ever inventing by recognising an existing technologicd idea that was
never brought to market and by commercidising this idea (Jffe, Newdl et d., 2002). The
distinction between innovation and diffuson often becomes blurry, due to the nature of the
innovation process. In many cases it is difficult for the new users to adopt the technology
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without some additional modification. When modifications are extensive, a further innovation
may result (Ashford, 2001).

It is important to note that within the area of environmenta technologies, the diffusion of
innovations can be highly significant. While the commercialisation of new technologies
represents a notable first step, the diffuson of these innovations throughout a sector is
essentiad to bring about significant environmenta benefits. For example, if “environmentally-
improved” insulaion exists but, in application, is used only in asmal niche market of homes,
a lesser environmenta benefit will be realised than if the new technology is widdy diffused.
As such, while this thess is concerned with environmenta technology innovations, their
diffusion isalso considered.

Technologicd innovation can be further divided into four man categories, according to
Freeman and Perez (1991): incremental innovation, radical innovation, changes of
technology systems, and changes in techno-economic paradigms.

Incremental innovation involves the improvement of an existing technology for established
markets and generaly consists of continuous improvements within an industry or service
(Ashford, 2001). An example of incrementa innovation is the modification of a certain stage
in the production process to improve productivity. This type of innovation often occurs as a
result of inventions and suggestions by those directly involved in the production process or
from proposals by users themselves, rather than by deliberate R& D (R&D) activity. Whilethe
combined effect of a number of incrementa innovaions is important for growth and
productivity, the effects of any single incrementd innovation are modest (Freeman and Perez,
1991).

Radical innovation is the introduction of atechnology for a new market, implying that the
innovation takes place in an environment of uncertainty (Ashford, 2001). These types of
innovation are discontinuous events and are usudly the result of deliberate R&D atempts.
An example of this type of innovation is the appearance of nylon in the fabric industry. Over a
long period, radicd innovations may have relatively substantid effects however the overdl
economic impact is usuadly smdl and locdised. Exceptions to this result when a cluster of
radicd innovations link together to give rise to new industries and services (Freeman and
Perez, 1991). Radicd innovation typicaly renders a condderable part of a company’s
investment in knowledge and expertise, processes, and infrastructure obsolete (Janicke,
Blazejczak et al., 2000).

Changes of technology systems are the result of arange of socid and technologicd (socio-
technicd) innovations occurring a both the radica and incrementd levels. These types of
innovations can give rise to new industrid sectors and induce mgor changes across severd
branches of the economy. Examples of these types of innovation include innovations in
synthetic materials and innovations in injection moulding (Freeman and Perez, 1991).

Changes in techno-economic paradigms are innovations with the most far reaching
effects. These types of innovations involve clusters of both incrementd and radicd
innovations, lead to the materidisation of new products, services, syssems and industries, and
have a mgor influence on the behaviour of the entire economy. These types of innovations
result in changes to engineering trgectories as well as to changes in the cost structure and
production and distribution conditions throughout the syssem. Once they have exerted
dominant influence on engineers, designers and manufacturers, they can result in a
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“technologicd regime” that can last severd decades. Examples include the emergence of
steam power (Freeman and Perez, 1991).

It is important to recognise tha the adoption of an innovation is not based soldy on its
characterigtics, but is dso influenced by its compatibility with existing systems and structures.
New innovations are dependent on a network of relaions or systems and changes to existing
systems must be made to accommodate these new innovations. The more radicd the
innovation, the greater the change required and the greater the resstance and inertia faced.
Consequently, the process of innovation tends to take place in a particular trgectory with
incrementa innovations often being favoured over more radica, change-demanding, ones
(Murphy and Gouldson, 2000).

2.2.1 Innovation Theories

Theories of innovation can be classified aslinear or systems-oriented. Thelinear modd of
innovation is based on the concept tha science leads to technology and that technology
satisfies market needs. In this view, there is a smooth, uni-directiond flow from basic
scientific research to commercia gpplications (or vice versa) with no feedback from the latter
stages of the innovation process (e.g. product development and marketing) to the initid stage
of research (Edquist and Hommen, 1999). The technology push theory is a linear mode
whereby the scientific or technologica advances push a new product into the market. In the
market pull model, market needs draw a new product into the market (Galanakis, 2006). These
two models are depicted in Figure 2-1.

Basic Research - Producer > Market

Basic Research < Producer € Market

Figure 2-1 Technology Push/Market Pull Theories of Innovation (Widén, 2002)

A number of problems with the linear modd of innovation have been noted, including a lack
of feedback paths not consistent with prectice, the realisation that not al scientific research
leads to the design of innovations, and the fact that technologica innovations, according to
their definition, may proceed without ever interacting with science (Edquist and Hommen,
1999).

System-oriented innovation theory began to emerge in the 1980s and 1990s as a response to
the growing chdlenges to the linear modes (Gaanakis, 2006). The Innovation System (1S
goproach is based on the idea that innovation and diffuson of technology is both an
individua and collective act (Hekkert, Suurs et d., 2007). Innovation, in this goproach, can be
seen as a complex series of interactions between afirm and its environment. It is acollective
activity, which is distributed across many actors (Kemp, Smith et d., 2000). The innovation
system can be defined as dl the ingtitutions and economic structures that affect the rate and
direction of technologicd change experienced in society. Determinants of technological
change are found within the innovation system as well as in the individud firm (Hekkert,
Suurset al., 2007).
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Various types of innovation sysems have been identified within the innovation system
perspective. Two common distinctions include territoridly-based systems (which build on
some sort of geogrgphicd proximity — loca, regiond, naiond, globd, etc.) and
technologically-based systems (industry sectors, specific technologies). It isimportant to note
tha these systems are open and can overlap; a specific firm may, for example, belong to more
than one system (Gregersen and Johnson, 1996).

National innovation systems refer to firms, organisations and government agencies which
interact with each other in ways that influence the innovation performance of a nationd
economy. The system is influenced by pats of the indtitutiona set-up, knowledge
infrastructure, demand structure (i.e. consumer tastes), and government policy (Gregersen and
Johnson, 1996).

Regional innovation systems are based on the idea that innovation results are determined
by an ingtitutiond infrastructure and production system that exists within a certain territory.
Innovation is dependent on the stock of knowledge created by the firms and ingtitutions
within that territory and on how they interact with one another and their environment
(Doloreux, 2002). The rationde for focusing on regiond innovation systems is based upon
the notion that the factors which are identified in the national innovation systems theory to be
important (eg. R&D activity, innovation activity), can differ dgnificantly across regions
(Oughton, Landabaso et al., 2002).

A sector, as defined by Mderba (2005), refers to a““set of activities which are unified by some
rdaed product groups for a given or emerging demand and which share some basic
knowledge”. A sectoral system of innovation, consequently, is one which shares a knowledge
base, technology, actors and networks, and ingtitutions aimed & innovating and diffusing new
products within a given sector (Mderba, 2005). Within the field of innovation studies, it has
been widdy recognised tha the sectord features of a particular industrid sector play a
significant role in influencing the innovation process (Reichstein, Salter et a., 2005).

2.2.2 Environmental Innovation

Environmental innovation is a particular subset of innovation, which has been broadly defined
as the use of production equipment, techniques and procedures, and products and product
ddivery mechanisms that are sustainable (i.e. that conserve resources and energy, minimise
environmental impact and protect the natura environment) (Dewick and Miozzo, 2004).
While some have argued that environmenta innovation refers to those innovaions
intentiondly amed a reducing the negative environmenta impacts caused by products and
processes (Hemmelskamp, 1997), others have argued tha it is any innovation that serves to
improve the environment regardless of origind intention (Klemmer, Lehr et d., 1999; Kemp,
Smith et a., 2000).

In this thess, the term “environmenta innovation” is used to describe dl innovetive
technologies whose use is less environmentdly harmful than relevant dternaives, in
correspondence with the concept of environmentd technology used in the European
Commisson’s ETAP, regardless of the origind motivation for the innovation.

While environmenta innovations may vary gregilly amongst themsdves, there are a few
generdly accepted basic characterigtics of this subset of innovation. Firdly, it is generdly
agreed upon tha environmentd innovation is the result of a multidimensond package of
factors. Secondly, environmenta innovation gppears to be characterised by a very long term
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and supranaiona perspective. Thirdly, in many cases, the success of environmentd
technologica innovation depends upon the complementary organisationd and socid
innovations. Fourthly, high risk levels can be associated with the uncertainty and lengthy
maturation terms of these types of innovations (Lehr and L6bbe, 2000).

Environmenta innovations are further characterised by ther “public goods” nature. While
the costs of the innovation are borne solely by the innovator, society as awhole benefits from
the innovation (for example, while a company may pay to develop or adopt a process that
produces less harmful emissions, dl of society will benefit from the cleaner ar). However,
there may be no one consumer group that is willing to pay for this public benefit (Beise and
Rennings, 2005). As long as markets do not charge for negative environmenta impacts (tha
is, that the costs of environmenta damages reman negative externdities), competition
between traditiona and environmentd innovation will be distorted. Therefore, the state plays
an important role in fostering environmentd innovations through policy measures tha serve
to address this imbaance. This peculiarity regarding environmentd innovation requires a
change to the traditiona “push-pull” innovation model, which discusses whether innovation is
spurred by a push from technology or by a pull from the market. In the case of
environmenta innovation, a third push/ pull factor, regulatory messures, plays an important
role. Thisaltered model of innovation is provided in Figure 2-2.

Matenial efficiency Product quality Existing environmental law

Product
palette

Energy efficiency

Market share s >, Customer demand
v ot S
Competition

New markets Labor costs

Figure 2-2 Determinants of Eco-innovation (Rennings, 2000)

2.3 Policy

Public policy refersto a course of action chosen by government to address a specific problem.
Public policy instruments, in turn, are defined as the set of techniques used by governmentd
authorities to achieve ther specific objectives (Howlett, 1991). Throughout the literature on
policy anadysis and public administration, numerous classifications of policy insruments have
been proposed. For the purposes of this thess, and based on the typologies provided by
Vedung (1998), Gunningham et d. (1998), and the Finnish Ministry of the Environment
(2007), the following classification of policy instrumentsis used:
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e Administrative
e FEconomic
e |nformationa

Administrative insruments refer to those measures taken by governmentd authorities to
influence individuas by means of formulated rules and directives by mandating them to act
according to these rules (Vedung, 1998). These instruments are commonly referred to as
“command and control” or “direct” regulations and tend to focus on enforcements and
regrictions. Examples include occupationa hedth and safety standards which regulate
working conditions, emission limits, performance standards which mandate a certan
performance that must be achieved by a product, and prohibition or mandating of certan
activities.

Economic instruments are those measures which involve the dlocation or remova of
materid resources, ether in cash or in kind. These types of instruments make it chegper or
more expensive to engage in certain activities and they can be further subdivided into
incentives or disncentives (Vedung, 1998). Economic incentives can include such things as
the provison of subsdies for certain activities, reduced interest loans, tax exemptions,
procurement activities and property rights. Economic disincentives can include such things as
taxes, charges, fees, the creation of markets (i.e. through the issue of tradable pollution rights),
and liability instruments (e.g. through civil liability).

Informational instruments refer to those instruments that attempt to influence the behaviour
of individuas through the transfer of knowledge (Vedung, 1998). Examples include public
awareness campaigns, the provison of training programmes, avard schemes, public pollutant
inventories and product labelling (e.g. to identify for customers the environmenta properties
of a certain product).

Within each policy instrument class, the policies can range from mandatory to voluntary. For
example, economic instruments such as subsidies have a voluntary nature. That is, the choice
of thelr use is optiona and dependent on the user. No sanctions will be imposed if these
subsidies are not used. Conversdy, taxes which must be paid on a given volume of pollution
are mandatory in nature. That is, the polluter is obliged to pay the necessary amount of taxes
as cdculaed and could face sanctions if they do not act as required. In many cases,
administrative instruments are mandatory in nature (e.g. fixed emission limits that must not be
exceeded by an industry). However, in some cases, industry might choose to “sdf regulate”,
resulting in a voluntary administrative insrument. In this particular case, an organised group
(e.g. aspecific industry) may organise its own rules and standards related to the conduct of the
group. A wedl-documented example of this is the Responsible Care programme which has
been implemented by the chemica industry in over 40 countries (Gunningham, Grabosky et
d., 1998). In other cases, this voluntary administrative insrument might entall a voluntary
agreement made between the government and a particular organisation. Examples of these
types of agreements include energy saving programmes whereby certan businesses or
industries voluntarily agree to undertake energy efficiency measures. Other examples of
voluntary agreements include the adoption and use of environmentd management systems
(EMS) such as EMAS or 1O 14001 by individud organisations. In the category of
informationa instruments, voluntary policies may include things such as eco-labelling
schemes, where a given company can choose whether or not to participate in labelling ther
products. Conversdy, mandatory informationa policies may include such things as emisson
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inventories, whereby a company is mandated to disclose to the public their pollutant emisson
levels.

Governmentd bodies have a wide array of policy portfolios, ranging from hedth care to
foreign afars. In each of these policy aress, they create policies and employ a variety of
instruments to steer society towards specific goas. As this thesis focuses on innovation in
environmenta technology, two specific policy areas — environmentd policy and innovation
policy — are given special attention.

2.3.1 Environmental Policy

Environmentd policy refers to the body of laws, regulations and other policy mechanisms
which the government creates and employs to ded with issues concerning the environment
and sustainability. Externalities are costs or benefits arising from an economic transaction that
are borne or recaeived by parties who are not directly involved in the transaction. Pollution
resulting from various production and consumption activities represents a type of negative
externdity. The am of environmentd policy is to address this market falure and to correct
these negative externdities through the use of standards, taxes and other instruments (Grubb
and Ulph, 2002).

Environmenta policy gained prominence in the early 1970s, when public environmental
concern pushed governments in most developed countries to introduce a number of
regulations designed to prohibit or restrict environmentaly harmful activities (Gunningham,
Grabosky et al., 1998). These early models of environmental policy making were based largely
on the gpproach of “command and control” regulation, such as mandatory emission limits on
industries. While “command and control” regulation, such as standards, continue to play an
active role in the environmenta policy portfolio, in more recent years the doman of
environmenta policy has seen the increasng employment of voluntary agreements and
economic ingruments to achieve environmenta gods (Jordan, Wurzd et d., 2003). These
ingruments include agreements between industry and authority to implement specific
measures (such as energy efficient equipment) or to achieve pecific sandards on a voluntary
basis, as well as emission taxes and tradable permits schemes.

2.3.2 Innovation Policy

The innovation process itsdlf is dso subject to a number of market falures. These include:
falure to get the right number of firms to innovate and to choose the right research paths,
falure of firms to undertake the correct amount of R&D; and lack of incentives for firms to
share their discoveries with rivd firms (Grubb and Ulph, 2002). In order to address these
failures, intervention in the form of innovation-related policiesis frequently undertaken.

In order to understand the concept of innovation policy, it is useful to first have a brief
understanding of the policies related to its conception. Government intervention in scientific
research largely took place in the post World War 11 era with the emergence of nationd
science policies in many countries. These types of policies were largely concerned with the
generation of scientific knowledge. These policies were followed in the 1970s by technology
policies, which focused on the promotion of industrial application of knowledge. In the 1990s,
a viewpoint began to emerge throughout the EU tha existing technology policies were
incgpable of addressing the complex process of innovation. The result was a new focus on
the creation of innovation policies, amed a better responding to the complexities of the
innovation process (Borrés, 2003).
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To provide a clearer understanding of the evolution and distinction of science, technology,
and innovation policy, Borrés (2003) has provided a graphicd illugtretion of the evolution of
these policies typologies and their major characteristics.

Innovation Policy:
Systems applications
Building capabilities
IPRs

SMEs

Technology Policy: Bioethics

Strategic industries Social values

RTD collaboration Reducing disparities
Procurement

Environment

Technology transfer

Standardization

Policy Evolution

Science Policy:
Research

Scientific education
Scientific infrastructures

Big science

Figure 2-3 Evolution of Science, Technology and Innovation Policy (Borrés, 2003)

There are varying definitions of innovation policy throughout the literature, but one generd
explanation which has been offered up by Dodgson and Bessant (1996) is as follows:
“Innovation is a process which involves flows of technology and information between
multiple actors, including firms of dl sizes and public and private research ingitutes.
Innovation policy’s principa am is to facilitate this interaction”. Another, more detailed,
definition to supplement this overview is provided by Georghiou (2006):

...Any policy which seeksto help firms, singly or collectively, to improve their capacity to innovate
mey be ssn as imoatian pdig.  This indudes the proisan d gattific infragrudure in
ressrch and eduction and diret and indret uppart far ressrdh and tedndag@ dedqomant.
It d0 indudes a widerange d pdides which am to build newaks to meke maerkds moe
andudve to innovtian, to fadlitate the trander d tedndagy, to hdp firms to acuire rdevant
@pahilities and to proddea suppatinginfragrudurein areas sud as sandards and inteledudl
property. Many other public policies also affect innovation, though thisis not their main objective.
This gap indudss magoamnaric pdides eucian, nae gradly, pudic proureret,
regulation (pollution or health and safety) and competition policy.

Despite the increasing focus on innovation policy by academics and governments, there are
till differing opinions regarding its contents and boundaries. Two generd interpretations of
innovation policy co-exist. The fird is the “wide agenda’, which includes things such as
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information and advice to innovators, technology foresght programmes, competition policy,
education and training, and organisationd change above and beyond the typicd policy
instruments of provision of finance and support for networking. In this wide view, Borrés
and Lundval (1997) in their report entitled, “The Globaising Learning Economy”, consider
innovation policy as.

...damaits d siee telhnday and inddrid pdigy thet explidtly am a pranding the
development, goread and dfident used nev praduds seviass and prasessss in merkes ar indde
privete and pubdic aganisatians The main faws is an theinpad an eanaic pefamenead
sid ahedm.. . [It] indudes pdides which aim at aganistiand dange and the markeiing o
New projects.

The “narrow agenda’ of innovation policy corresponds to the definition provided by
Georghiou above and imposes more narrow functiond limits on the scope of innovation
policy by excluding such areas as education and traning, tedecom infrastructures, or
competition policies. This narrow definition of innovation policy has been adopted by the
EU in ther innovation efforts (Borrés, 2003). As such, this “narrow” form of innovation
policy is the definition used in this thesis work. However, since the boundaries between
innovation policy and other related policy areas are highly flexible, these other areas may be
called upon where required.

2.3.3 Historic Interactions of Innovation Policy & Environmental Policy

Higtoricdly, innovation policy and environmentd policy have existed as digtinctly separate
entities with little interaction. It has been argued tha environmenta protection imposes
additiond costs on firms and thus has negative effects on economic growth and welfare.
Conversely the am of innovation policy is to orient private companies toward economic
gods. In light of this, it is not difficult to see the apparent discord between innovation and
environmenta policy. This discord has been confirmed in practice and it has been noted that
existing innovation policy is poorly coordinated with other policy areas (particularly
environmental policy), and that it is not sufficiently oriented towards environmentdly
beneficial system innovations (Gross and Foxon, 2003; Ruud and Larsen, 2004; Kemp, 2007).

Despite this previous misdignment, however, interest in a better coupling of environmentd
policy with innovation policy is beginning to grow. The prices of many goods do not reflect
resource use or environmenta externdities and the result is “clean” substitutes which tend to
be more expensive than conventiond technologies. The environmentd benefits regped are
more public than private and the result is insufficient industrid investment and inadequate
technological innovation. As such, it has been observed that governments have an important
role to play in providing a climae for environment-rdaed innovation through future
environmenta policy designs (Stevens, 2000). Innovation-oriented environment policy is an
extremely attractive option for policy makers, asit is expected that innovation can cut costs of
environmental measures and overcome existing trade-offs between economic and ecologica
goals (Rennings, Hemmelskamp et al., 2000).

In addition to this growing interest in coupling environmentd policy with innovation gods,
more recently atention has aso been drawn to the need for better integration of
environmental considerations into innovation policy design (Ruud and Larsen, 2004).
Governments in developed countries have recognised that environmentad technology may
represent an increasingly important market segment over the coming years, as the needs and
demands for this technology continue to grow. Consequently, innovation in the field of
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environmenta technology represents an important potentia source of economic growth that
has captured the interest of policymakers.
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3 Review of Literature: Policy & Innovation Effects

Interest in the relationship between policy and innovation has grown over the past decade. In
relaion to the issue of innovation in environmenta technology, there are three pertinent
streams of literature that merit consideration here.

Thefirst stream of literature takes on an environmental policy perspective. These works focus
on environmentd policies, as defined in Section 2.3.1 above, and study, in turn, the respective
effects of these policies on fostering environmentd innovations. This method looks a if
and/ or how environmentd policies can be used to promote innovative environmenta
technologies.

The second stream of literature is related to the fied of innovation policy. Innovation policy
is largely concerned with setting the framework for innovation to occur within astate. These
works focus primarily on how innovation policies can be used to foster innovation-conducive
systems and to promote innovative activity throughout the economy. As such, there is a
relaively more minor focus on the promotion of specific gods within the innovation system
(e.g. sustainability, ICT, etc.).

The third stream of literature which is emerging in regards to innovation in environmenta
technology is related to policy integration. This approach moves beyond individua policy
aress, focusing on the interaction between innovation and environmentd policy and the
integration requirements of these two policy fieds. In some cases, it cdls upon a new class of
“sugtainable innovation” policy (Foxon, Pearson et al., 2005).

In the following sections, literature findings from each of the gpproaches are synthesised and
discussed in relation to the innovation pre-conditions outlined in Section 1.3: access to
knowledge, access to resources, and market formation. Furthermore, genera characteristics
regarding environmental innovation-friendly policies are outlined.

3.1 Environmental Policy & Innovation Effects

Interest in the relaionship between environmenta policy and innovation has grown over the
past ten years (Jffe, Newdl et d., 2002). Various theoreticd frameworks including traditiona
environmenta economics, innovation research, new growth theory, ingtitutionad economics,
policy anadysis and evolutionary economics have been gpplied in an atempt to understand
environmenta innovation (Klemmer, Lehr et d., 1999; Rennings, Hemmelskamp et d., 2000).
Degspite the usefulness of the theoretica background of these frameworks, however, there has
been consensus tha a smple andytica framework cannot do justice to the complex and
interdependent influence of environmenta policy on innovation (Jnicke, Blazgczak e 4d.,
2000).

There is an increasing literature regarding the actud effects of environmenta policy on
technologicd innovation and change. That literature which relies on empirica evidence can
be grouped into two main categories — 1) case studies and 2) econometric and modelling
andyses. Case studies have included those cases conducted under the German “Innovation
Impacts of Environmentd Policy” (FIU) project framework (Klemmer, Lehr et d., 1999), as
well as reviews of renewable energy technologies (Chrigtiansen, 2001, Skjeerseth and
Chrigtiansen, 2006), the pulp and paper industry in both Europe and the U.S (Norberg-
Bohm, 1998; Kivimag, 20073), the U.S chemicad manufacturing industry (Ashford), and end
of life vehicles legidation (Manzatti and Zoboli, 2006), amongst various others. A number of
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econometric and modelling andyses of the innovation effects of environmentd policies have
focused on R&D expenditures and patents as an indicator of innovation, (Jffe and Pamer,
1997; OECD, 20053), though limitations to both of these methods as an accurate marker of
innovation have been noted. Some of these works take a top-down gpproach, examining the
effects of a specific policy measure, some teke a bottom-up gpproach, examining the
motivations behind certain environmentdly beneficial innovations occurring in industry, and
others take a combined approach.

Despite this growing literature it is commonly perceived that the relaionship between
environmenta policy and technologica change is till poorly understood (Skjaerseth and
Chrigtiansen, 2006). It is aso recognised that few environmenta policy instruments, thus far,
have been designed with the primary intention of promoting innovations. Amongst the
exceptions to this are extended producer responsibility legislation (EPR) such as the European
Community Directive on Waste Electricd and Electronic Equipment (WEEE), and the
EURO norms for vehicles, which specify European engine performance. Consequently, many
innovations which have arisen from environmentd policies in the past have done so as “side
effect” (Kivimaa, 2007a). However, the issue of innovation in the environmentd policy field
has been recelving increasing interest over the past severd years and there is an ongoing trend
to include innovation as an environmental policy evaluation criterion.

Policy Discussion

As previoudy mentioned, within the environmentd policy portfolio, the most commonly
employed instruments have traditiondly been administrative. From a theoreticd standpoint,
administrative environmental instruments (including bans, product specifications, emisson
sandards, etc.), are typicaly consdered to be rather innovation impeding, since the pollutant
emitter is no longer interested in a further reduction of emissons once they have met ther
target (Hemmeskamp, 1997, OECD, 1999). Despite this clam, however, it is commonly
recognised tha the actua effects of regulaion often differ from theory and a number of
empiricd studies having been conducted regarding the relationship between administrative
instruments and environmental innovation.

Qupport for the use of adminigrative ingruments in the stimulation of environmentd
innovation has come from a number of studies. Ashford (20028) conducted a series of U.S
studies on the effects of hedth and safety regulation in the 1980s and concluded that properly
designed and implemented regulation, complemented — but not replaced — by economic
incentives, is of strategic usefulness towards innovation in environmenta technology. In
studies of the congtruction industry in both the U.K. and the Netherlands, it has been found
that administrative instruments, such as building regulations and performance standards, are a
key factor in promoting innovation in the building industry (Dewick and Miozzo, 2002;
Vermeulen and Hovens, 2006). In the 1990, the state of Cdifornia implemented a Zero
Emisson Vehicle (ZEV) regulation, mandating that 2% of al passenger cars and light trucks
sold in the state by every mgor car manufacturer must be zero emission vehicles, beginning
with the 1998 modes. This mandate was sad to have been a crucia condition for large scae
investments in fud cells, as well as atracting new entrants with innovative technologies to the
industry (van den Hoed, 2007). Severd studies (based on the Nordic pulp and paper industry

51t should be noted that there is ongoing debate regarding the role of environmenta policy as an agent of innovation. One
school of thought believes tha environmentd policy should focus on the principle god of protecting the environment.
The other argues that environmentd policy can and should dso be used as a tool to foster innovation within the
environmental field to help realise significant, beneficial changes.
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and the German manufacturing sector) have noted the differing effects of administrative
insruments on process versus product innovetions. These works have concluded tha
drategic market gods are a dgnificant influence in regards to environmenta product
innovation, while environmenta process innovation is determined to a greater extent by
environmental regulation (Rennings and Cleff, 1999; Kivimaa, 2007a).

A comprehensive series of studies conducted as part of a German research project in avariety
of indudtries atempted to shed some indght into the specific outcomes of adminigtrative
insruments in terms of environmenta innovation encouragement. These studies reveded
that the use of regulation aone had only a trivid effect on the cregtion of new knowledge.
Exceptions to this, however, have been noted in the case of drastic regulation, such as the
CFC ban which was consdered to have made considerable contribution to knowledge
creation and the development of new solutions in severd cases (Klemmer, Lehr et d., 1999).
This reinforces the notion that the stringency of regulation can play an important role in
determining the degree of innovation (i.e. more stringent regulaion, such as a ban, resultsin
more radicd innovation) (Kemp, 2000). The studies dso reveded that, while mandatory
insruments had a limited effect on creation of knowledge, they played a key role in the
adaptation and diffuson of technology into the marketplace (Klemmer, Lehr et d., 1999).
Sgnificant atention has dso been pad by Klemmer, Lehr et d. (1999) to the bass for a
particular sandard or limit and its effects on innovation. According to their sudy: «...in the
vast mgority of cases, the Best Available Technology determines the state of the art, and
therefore offerslittle in the way of incentives [for innovative activity].”

One programme which has been designed to help overcome this issue and to promote
continud improvement of energy efficiency in certain product groups is the Japanese Top
Runner programme. The programme introduces product-specific energy performance
requirements, where the basis for adopting the standards is defined as the use-phase energy
performance of the best available technology (BAT) on the market a the time of revision of
the sandard. The progranme undergoes recurring revisons based on pre-determined
timelines. The progranme has generdly been considered to be successful by stakeholders
though some criticism of too-low target setting (potentialy reducing the push for innovation)
has been put forward (Nordqvist, 2006).

In addition to effects ssemming from the actud implementation of an administrétive
ingrument, there has been dgnificant discusson regarding the effects relaed to its
announcement. It has been noted that there exists a sort of “anouncement effect™, whereby
the announcement of a pending regulation has a greater effect on innovation then the
regulation itsalf (Klemmer, Lehr et d., 1999). This “anouncement effect” has been observed
throughout the literature on avariety of other occasions (Kemp, Smith et al., 2000; Hyvéttinen
and Hildén, 2004; Wettestad, 2004; Kivimaa, 2007a), indicating tha the expectation of an
impending regulation can play an important role in the innovation process.

By stipulating the requirements for new products or processes, administrative insruments can
force the cregtion of a market which entals the adgptation and/ or diffusion of infant
technologies. In some cases, where regulaion is extreme (such as a ban), these instruments
can creste a market for an entirely new set of products or processes and spur knowledge
creation.

A number of studies have dso consdered the impacts of voluntary and informationd
environmenta insruments on innovation. Based on the findings of Klemmer, Lehr et 4.
(1999), voluntary agreements stimulated creation of knowledge only to a “no regrets’ point,
which produces results smilar to the business-as-usud case. This result was echoed by
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Kjaerseth and Chrigtiansen (2006) who, based on studies of the renewable energy sector in
severd European countries, found tha mandatory instruments rather than voluntary ones
gopear more effective in terms of technologica change. Klemmer, Lehr et d. (1999),
however, did note that voluntary agreements played a role in assisting adaptation and
diffusion of technologies, by limiting risk and uncertainty throughout the market. Findings
regarding the performance of informationa instruments such as ecolabels and environmental
management systems (EMS) in terms of fostering innovation have dso yiedlded mixed results.
In some cases ecolabels have been shown to have had little impact on innovation while, in
others (such as the case of energy efficient Danish refrigerator case and U.S Energy Sa),
labels have been shown to be an effective component of an innovaion-fostering system
(often in conjunction with public procurement policies) (Klemmer, Lehr et d., 1999; Rehfeld,
Rennings et al., 2007). Studies have shown similar mixed results for the ability of EMS systems
to inspire innovative activity. In the case of the Dutch programme on Environmentd
Management and the British adoption of the European EMAS regulation, the reason tha
firms chose to participae in the EMS programmes was to improve their capability to respond
to increasingly stringent environmentd regulation from government and participation in the
programmes had little effect on innovation (Norberg-Bohm and de Bruijn, 20058). Similarly,
a study by Kautto (2006) involving companies in the eectronics, machinery, and pulp and
paper sectors showed only a weak or absent link between EMS and product development.
Conversdly, an econometric andyss of data from the German manufacturing sector by
Rehfed, Rennings et d. (2007) showed a postive effect of EMS systems in environmenta
product innovations.

In their book Indugrid Trandametian, Norberg-Bohm and de Bruijn (2005b) have reviewed a
series of “innovative” policy instruments which are characterised by a voluntary, collaborative
and/ or information-based nature (including the US Energy Sa Programme, Cleaner
Technology in Denmark, and the Dutch Target Policy Group). According to Norberg-Bohm
and de Bruijn, there are three main arguments for the usefulness of these instruments in
promoting technologica change. The first is their potentid to creste new reaionships
between stakeholders. The second is their potentid to engage industry in a learning process
that creates the cgpabilities within firms to make significant environmenta improvements.
The third is their ability to create fird movers within an industry. In their review of various
voluntary policy initiatives in place in the U.S and Europe (the Dutch Target Group Policy,
the German end-of-life vehicles policy, the U.S Energy Sar, and the U.S Common Sense
Initiative) it was concluded that: “The new gpproaches are not a panacea for industrid
transformation.....There will remain arole for direct regulations and market-based approaches
as pat of an overdl strategy — these mechanisms will be needed to create sufficient pressures
to push industry dong the path towards sustainability.” Furthermore, it was noted that linking
these voluntary programmes more directly to government policies that provide imperatives or
incentives for action (such as subsidies, sandards, or thregats of standards) results in a greeter
level of effectiveness. As such, it gopears tha the encouragement of knowledge crestion and
networks to facilitate the sharing of this knowledge may not be entirely sufficient without
additiond efforts to provide either supply sde stimulus, such as economic resources, or
demand side stimulus for market formation.

In recent years, a move towards the use of economic instruments in the environmentd policy
fied has been seen. These ingruments largdly fdl into the category of economic disincentives,
such as pollution charges, taxes and tradable emisson permits. A number of theoreticad
arguments have been put forward regarding the use of these market-based instruments to
gimulate environmenta innovation. Within traditiond environmenta economics, market-
based instruments have been identified as environmenta policy insruments with the highest
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dynamic efficiency (Rennings and Cleff, 1999). However, in the red world, the information
necessary to establish the appropriate environmentd tax rate does not exist, meaning that the
rate must be fixed according to atrid and error method. In the event that the rate is set too
high, capitd will be tied up and will no longer be avalable for R&D activities. In the event
tha the rate is set too low, existing and economicdly desirable methods may never become
competitive (Hemmelskamp, 1997). In the case of tradable permits, the incentives of the
permit towards innovation may be lost in the long term, due to an improvement in
performance coupled with a decrease in demand for permits and, hence, their price.
Additiondly, while a shorter period of vaidity for issued permits may be of greater benefit for
authorities (providing them with greater flexibility), the result for industry of a shorter permit
time will likely be innovation that can be quickly adopted — particularly, an end-of-pipe
technology.  Furthermore, tradable permits have been criticised for making it possible to
cregte barriers to market entry for new and potentidly innovative companies (Hemmel skamp,
1997). As such, these permits could potentidly serve as a hindrance to the bringing of new
resources to the field.

Empiricd studies have reported similar mixed results regarding the effects of market
instruments on environmentd innovation. In terms of tradable permits, some innoveation-
rdaed studies have been conducted regarding the U.S SO» permit trading scheme (eg.
(Burtraw, 2000)). According to Burtraw, the permit trading scheme resulted in severd forms
of innovation (primarily changes in production processes, organisationd behaviour, and
regulation), though the innovation realised was generdly not of a patentable nature. In an
early German study on an effluent tax, it was concluded that in the area of resdud pollution
the effluent levy faled to have any dynamic innovative effects (Hemmeskamp, 1997).
Contrary to this, astudy of the CO. taxes gpplied in the Norwegian petroleum sector reveded
that some innovations (including severd radicd ones) occurred after the implementation of
the tax and concluded that less innovation likely would have hgppened in asence of this
ingrument. However, it was dso noted in this case that there were highly specific
circumstances existing which favoured the implementation of many of the most important
innovations (Chrigtiansen, 2001). In the studies completed by Klemmer, Lehr et d. (1999), it
was noted the effect of economic instruments on the cregtion of knowledge was limited, but
that these instruments played a role in facilitating adaptation and diffuson of technologies.
Additionally, economic instruments can be used to create markets, asin the case of the Danish
refrigerators (in this case, it was sad that the introduction of the Danish energy tax, combined
with product labelling played a key role in fostering demand). In generd, it gppears as though
economic incentives may be more suited to stimulate adaptation and diffusion of technologies
through market formation than to stimulate knowledge cregtion (Klemmer, Lehr et d., 1999,
Kemp, 2000).

Extended producer responsibility legislation represents arelaively more recent form of policy
whose ultimate am is the establishment of economic incentives for improved product design
(Mayers, 2007). According to Thomas Lindhqvist, who introduced the principle, EPR is
defined as. “a policy principle to promote totd life cycle environmentd improvements of
product systems by extending the responsbilities of the manufacturer of the product to
vaious parts of the entire life cycle of the product, especidly to the take-back, recycling and
find disposd of the product” (Lindhqvist, 2000). This principle has been introduced in a
number of EU Directives including the Directive on Waste Electricd and Electronic
Equipment (WEEE) (2002 96/ EC), the Directive on Packaging and Packaging Waste
(94/ 62/ EC), and the Directive on End-of-Life Vehicles (ELV) (2000/ 53/ EC). The
Directives are comprised of a series of policy insruments. In the case of the WEEE,
Packaging and ELV Directives, financid responsbility of the producer is combined with
mandatory recycling and recovery targets. The Directives are dso associated with substance

24



Innovation in Environmental Technology — The Role of Palicy in Promoting Environmental Innovation

bangs/restrictions that prohibit or limit the use of severd toxic substances. In the case of the
WEEE Directive these substance bans are implemented through the corresponding Directive
on the Redtriction and the Use of Certain Hazardous Substances in Electrica and Electronic
Equipment (RoHS). The EPR principle has been studied on a number of occasions, with
mixed results regarding its effects on innovation. Sudies on the vehicle industry have shown
that the ELV has had an impact on “end of pipe”’ innovations in recycling technologies but
discussions regarding the economic effects of the Directive on product design have been
mixed (Gerrard and Kandlikar, 2007). While some studies have noted positive design changes
for re-use and recycling, others for example, have noted that design for end-of-life design has
not been a high priority for manufacturers (van Rossem, Tojo e d., 2006; Gerrad and
Kandlikar, 2007). Furthermore, the recycling targets have been sad to potentidly impede
other innovative options on the design sde (Gerrard and Kandlikar, 2007). A study of the
lighting sector in Europe has shown tha the EPR, & least in the short run, was unlikely to
drive eco-design, due in part to the fact that the demand for products is relatively inelastic and
the regulation affects dl the producers equdly (Gottberg, Morris e d., 2006). Sudies in the
pulp and paper and telecommunications industries have shown some positive effects of EPR
legidation on product design, though these changes have dso been inspired by other factors
(Kautto, 2006; van Rossem, Tojo et d., 2006). Regardless of varied findings, there is generd
agreement that the effects of EPR are highly dependant on the particular characteristics of the
policy design and implementation. While the economic instrument effects of EPR have been
debated, there has been greater consensus regarding the impact of the materid bans that have
accompanied this legidation. Sudies have shown that these bans have largely resulted in
efforts to replace and remove these substances from the products through the design and
implementation of dternae materids and methods (Gottberg, Morris e d., 2006; van
Rossem, Tojo et a., 2006; Gerrard and Kandlikar, 2007)

A certain number of economic incentives have dso been used in the environmentd policy
fidd. The use of green public procurement has been shown to have played arole facilitating
innovation in environmentd technology. In the case of the U.S Energy Sa progranme,
public procurement of energy efficient office equipment provided a significant boost for the
programme, through the cregtion of amarket (Paton, 2005). Smilarly, in Jgpan, the nationd
Green Procurement Law has been said to have created positive synergies with the Top Runner
Programme in the improvement of use-phase energy efficiency in eectronic products (Tojo,
2007). Additiondly, R&D and investment subsidies have been used for the explicit
promotion of innovation in environmentd technologies. While these instruments coincide
with the fidd of innovation policy, they will be discussed briefly here due to ther inclusion in
the literature on environmental technology development.

According to the literature, the performance of investment subsidies related to encouragement
of environmentd innovaion has been mixed. In a number of Dutch studies where
investment subsidies were examined, the effectiveness of these subsidies has been noted be
smal and has resulted in windfal gains to the subsidy recipients. In a study of investment
subsidies for thermd insulation under the Nationd Insulation Programme (NIP) in the
Netherlands, econometric andysis reveded only a wesk postive reationship between
subsdies for thermd home improvements and the diffuson of thermd insulation
technologies (Kemp, 1997).

Despite these discouraging results however, alarge number of studies have shown the positive
potentid of investment subsidies. In the case of the development of awind power industry,
Denmark has been considered as being one of the most successful countries (Kamp, Smits et
d., 2004; Astrand and Neij, 2006; Buen, 2006). Sudies have shown that investment subsidies
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have played a significant role in the development of the Danish wind industry. During the
emergence of the Danish wind industry, subsidies were issued to private individuas and
cooperaives for the investment in the ingdlation of wind capacity located within three
kilometres of them. The issuance of subsidies to individuals and cooperatives has been said to
have increased popular support for wind power in Denmark — a crucid factor in the
development of the wind industry. To preserve qudity in the technology, subsidies were
issued only for those turbines that had passed approval by the national test station. Moreover,
in addition to the investment subsidies, a production subsidy was aso offered to producers,
further encouraging investment in high quaity turbines (Buen, 2006). As such, through the
use of investment subsidies, the Danish government was able to creste a market for wind
turbines.

R&D subsdies have dso played a role in the devdopment of various environmentd
technologies. In such away, the government can foster creation of knowledge. 1n astudy of
the Finnish pulp and paper industry, it was found that technology push, through searches for
specific environmenta improvements and through public R&D funding, have been important
for the emergence of environmentdly sounder innovations (Kivimaa, 20078). The Danish
Clean Technology Development Programme has dso had postive results. The Danish
Environmenta Protection Agency (EPA) played an active role in selecting the projects and in
“match-making” — i.e. finding the right partner to cooperate with — and the overdl conclusion
was that the programme was successful in developing cleaner technology options (Kemp,
2000). Agan, in this case, however, it was noted that more than hdf of the projects
undertaken as pat of the programme were motivated by actua or potentid environmentad
requirements and that economic motivation done was insufficient to induce companies to
underteke the costs and risks of cleaner technology development on their own. This
reinforces the notion tha mandatory environmenta regulation can play important role in
cregting demand for environmenta technologies (Jargensen, 2005). It is dso interesting to
note that while R&D subsidies can play a useful supply push role, findings presented in the
literature have demonstrated that they done may not be sufficient to achieve successful
results. For example, in the cases of the Norwegian and the Danish wind indusdtries, it was
noted that while Norway had sgnificantly more supply sde subsidies for wind power
development than Denmark, the presence of demand side investment subsidies was a key
factor in the greater success of the Danish industry.

In addition to the creation of knowledge through R&D activities, the importance of access to
this knowledge has been widely recognised. In the case of the Danish and Cdifornian wind
power industries, information compiled during research activities was consolidated into awind
atlas, which was published to dlow for more effective sting of wind turbines. In both cases,
the publication of the atlas was said to have played an important, non-traditional, demand pull
role, by fadlitating the market-entry process for developers and investors (Loiter and
Norberg-Bohm, 1999; Buen, 2006).

The aforementioned renewable energy studies have aso shown how the interaction of
instruments can play a key role in the innovation process. In the Danish case, a 10-year
agreement between the government and power companies in 1985 ensured that power
companies would guarantee grid connection, pay 35% of connection costs and purchase
excess power from individuas and cooperatives a 85% of consumer costs. The 1992 Wind
Turbine Law renewed this fixed price agreement, supplementing the investment subsidies
offered by the government and ensuring a continued market for wind energy (Buen, 2006).
Furthermore, in the case of German renewables, the implementation of the German electricity
feed-in law (EFL), which mandated the purchase of renewable dectricity by utilities, was said
to have been a large factor in the expanson of the wind energy market, consequently
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attracting new entrants and a new supply of resources to the market (Jacobsson and Bergek,
2004). Conversdly, however, the case of wind power development in Sweden has been used to
demondrate how adminigtrative instruments have hindered wind power development by
conflicting with wind power policy. In this case, difficulties associated with planning and
permit granting for wind turbine ingtdlation a the locd level have been sad to have created a
degree of uncertainty in the Swedish wind industry, discouraging investment (Astrand and
Neij, 2006).

The effects of policy synergies can dso be seen in the cases of the Danish system for more
energy efficient refrigerators and the Jgpanese Top Runner programme.  The Danish
programme was deemed to have had high success levels due to the combined effects of a CO-
tax, labelling scheme, demand side subsidies and regulatory tightening of energy consumption
standards (Jnicke, Blazgczak et d., 2000). The Jgpanese Top Runner programme has been
used in conjunction with anationd green procurement law, green automobile tax scheme and
voluntary labelling programme amongst others to redise postive improvements in the energy
efficiency of various product groups (Tojo, 2007).

Summary

Sudies have shown that environmentd policy, whether explicitly intended to or not, can have
an influence on the innovation and diffusion processes. While the innovative effects of
specific environmental policies are highly dependent on their design and implementation, their
presence can play a role in stimulating players to action. The use of adminigtrative and
economic insruments can promote the development of new technologies or the
adaptation/diffusion of infant technologies to address impending requirements or to minimise
costs. Green procurement has been consdered as a successful tool in promoting knowledge
cregtion and commercialisation processes, through the formation of markets for new
products. The provison of information regarding technologies and options (such as the
Danish/ Cdifornia wind energy cases and eco-labelling) has played a useful role, often in
conjunction with procurement policies, in creating a demand pull for certan products. The
use of voluntary agreements has assisted in the diffusion of new technologies. The use of
investment subsidies has assisted in market formation by creating a demand for newly
developed technologies (e.g. in the case of the renewable energy syssems). A number of cases
have shown that R&D subsidies have dso played an important role in fostering innovation
processes through the creation of knowledge and demonstration opportunities, though the
digtinction between subsidies as an innovation policy or as an environmenta policy tool is not
awaysclear.

By and large, the literature has demonstrated the usefulness of environmentd policy towards
innovation in terms of its ability to contribute to the formation of markets through the
provision of incentives (such as procurement) or imperaives (such as emisson limits) for
action. Through the formation of markets, in turn, environmenta policy instruments can
cregte a demand pull in the innovation process, providing incentives for investment in
knowledge and attracting new resources to the industry. Furthermore, in cases of extreme
regulation, such as the implementation of substance bans, administrative instruments have
been shown to contribute to knowledge formation during the search for new and dternative
solutions.
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3.2 Innovation Policy & Innovation Effects

Conversdly to environmenta policy, the explicit am of innovation policy is to foster
innovative activity throughout the economy. As depicted in Figure 2-3, innovation policy
attempts to take a systems approach to innovation, focusing on capacity and network building.
The types of insruments employed in innovation policy differ widely from environmenta
policy, with a mgor focus on economic incentives including R&D support in lieu of
adminigrative instruments. There exists a large body of literature which has discussed the
effects of specific policy ingruments in contributing to innovation based on econometric
andysis as well as a body of literature which has examined how the specific characteristics
(including implementation) of these policies influences ther success (eg.(David, Hdl et d.,
2000; Hdl and Van Reenen, 2000; Jffe, 2000)). The OECD and the EU have conducted a
number of studies regarding specific innovation policy instruments as well as the effectiveness
of various national innovation policy systems. The European Innovation Trendchart has been
established by the EU in order to monitor, evduate and compare the nationa innoveation
systems in various EU and OECD countries in an atempt to stimulate improved innovation
performance throughout Europe.

Policy Discussion

Innovation and innovation policy place a heavy emphasis on the concepts of knowledge and
learning. As such, prior to the discusson of specific policy instruments, it is worth a brief
introduction to these ideas.

The importance of accumulated knowledge in the innovation process has been recognised and
accepted throughout the field of innovation policy. In particular, two types of knowledge
have been generdly acknowledged by evolutionary-ingtitutiond economists. tacit and
codified knowledge. Codified knowledge is knowledge which has been extracted from its
generator and converted into a common language tha can be exchanged with others (eg.
mathematics, chemicd formulas, etc.). Tacit knowledge is knowledge which has not been
documented and made explicit by the one who uses it. Consequently, the knowledge rests
with its generator (Borras, 2003). The distinction between tacit and codified knowledge is
important as it implies tha not dl prerequisites in the innovation process can necessily be
transferred viatangible media.

Further to the various forms of knowledge, innovation literature is aso concerned with
different learning mechanisms. These include learning by doing (involving conscious network
experimentation and organisation adgptation); learning by using (learning when products are
used, or from potentid users during the innovation process); learning through interaction
(learning by interacting with various other actors); learning from advances in science and
technology (acquiring relevant knowledge from scientific and technologicd communities); and
learning from spillovers (learning from leskages or exchanges of information, such as reverse
engineering or patent disclosures) (Rycroft and Kash, 1999).

Literature on the innovation policy portfolio reveds a number of common themes, including
R&D in the public sector, R&D in the privae sector, public-private partnerships,
networks/ support programmes, and intellectud property rights (IPR). There exist a number
of linkages between these target areas.

Within the innovation policy field there has been significant recent discussion regarding the
changing role of universities and public research organisations (PROs). On one hand, thereis
a push towards orienting these ingtitutes towards greaster degrees of technology transfer and
aoplied, industry-driven research progranmes. On the other, it is recognised tha the
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preservation of fundamenta research activities is needed to promote long-term advancement
of the knowledge pool, to preserve the public-goods nature of scientific advances, and to
gimulate private sector R&D (Branscomb and Keler, 1998; European Commission, 2003b;
OECD, 2006). The effectiveness of public R&D in fostering private R&D and in promoting
innovation performance has been sad to be dependent on a number of factors including
industry-science linkages and the governance of PROs (OECD, 2006). Policy systems which
are based on dlocation of research grants through a competitive process (e.g. by research
councils or other funding organisations) have been noted to have a better response to public
policies than systems in which funds are dlocated via block grants to research ingtitutes
(European Commission, 2003b). A shift towards project-based funding has aso been shown
to dlow for a better targeting of research towards economic and socid ams. Furthermore, the
concentration of research funds in a more limited number of research centres (in order to
cregte “criticd mass and encourage multidisciplinary research) has been shown to be an
effective policy tool (OECD, 2006). In addition to improving public sector research through
funding policies, there are a number of other generd policy tools which can be used to
enhance public sector research, including the granting of grester autonomy to ingtitutions in
establishing hiring, promotion, and collaborative agreement procedures, and encouraging
internationd collaboration between research organisations through the facilitation of human
resources mobility (OECD, 2006).

Qupport for private R&D, through fiscd/ financid measures dso plays a key role in the
innovation policy portfolio by providing firms with the necessary resour ces to pursue new
ideas and create new knowledge. Direct support for private R&D can occur in a number of
ways including: fiscal measures, such as corporation tax reductions for volume or increment in
R&D, reductions in employer’s payroll tax and socid contributions or persond tax incentives
for R&D workers; equity support mesasures, such as public or mixed venture capitad funds, tax
incentives for investors in technology development, and loss underwriting and guarantees; and
direct support through the provison of funding, prizes, or collaborative grants (Georghiou,
2006). While the ability of these instruments to affect innovation has largely been recognised,
there is genera consensus tha the effectiveness of various instruments is dependent on their
specific design and implementation (OECD, 2006). Empiricd research has shown that tax
incentives for R&D have moderae, positive effects on R&D activity (Hal and Van Reenen,
2000; OECD, 2006). Conversdy, however, there is grester controversy regarding the
productivity of direct government R&D subsidies for private R&D (Hdl, 2002). Literature
regarding the question of whether public R&D spending is complementary to private funding
or whether it substitutes and reduces incentives for private R&D reveds conflicting answers
(David, Hdl et d., 2000). This is inline with the findings of some of the environmenta policy
findings which concluded that subsidies, in some cases, provided windfal gains to recipients.
It has generdly been found that direct R&D support is more successful in programmes
targeted at small firms (OECD, 2006).

In addition to looking & private and public R&D as distinct aress, there is growing interest in
the innovation policy field in better collaboration between these two sectors. As gated in the
2005 OECD report, Innoetion Pdigy and Pefamene “Improving the ability of business to
exploit the outputs of universities and PROs is a or near the top of the innovation policy
maker’s agenda in most OECD countries,” (OECD, 2005b). The encouragement of public-
private partnerships has been suggested as ameans of fostering R&D activity within acountry
(Branscomb and Kdler, 1998; Drejer and Jargensen, 2005) and increased collaborétive efforts
between industry and science can provide much needed access to knowledge and resour ces
(both financid, materid, and human). According to current evaduations of innovation
systems, however, this is a wesk component in many of the European countries. One
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suggested explanation for the relatively low leves of firm-research ingtitute cooperation is the
idea that in such collaborations two very different types of organisations, with two very
different frames of reference, confront each other. Consequently, mechanisms such as
information channels to inform firms about what they can gain from involvement with public
research ingitutions, guiddines for the organisation of collaborative research efforts, and
forma programmes containing supportive structures for structures and public co-funding as a
means to drive joint projects forward have been suggested as a means to help parties
overcome this barrier (Dregjer and Jargensen, 2005). Other methods to improve collaborative
efforts have included the provison of funds for the commercidisation of public-sector
technologies (such as the Ideas 2 Innovations, 121 programme, in Canada), the establishment
of public-private partnerships such as joint research centres which promote cost, risk and
benefit sharing, and the implementation of researcher mobility programmes between research
ingtitutes and industry (such as the Danish Industrid PhD Initiatives) (European Commission,
2006; OECD, 2006). In addition to facilitating network and knowledge cregtion, progranmes
which facilitate the trandfer of personnel can assst in the diffusion of tacit knowledge
associated with those individuals.

The provison of networks and support programmes are a crucid point of systems-oriented
innovation policy. Policies to help gimulae the creation of networks between firms and
research ingitutes, including those described a@bove, as wdl as stimulating firm-to-firm and
inter-PRO communication, through measures such as science parks, sponsored conferences
and resource centres, can help to build bridges between actors, dlowing for improved access
to resources (such as equipment and human resources) and access to knowledge possessed
by other rdevant actors. These networks can be especidly vauable to smdl and medium-
sSized enterprises (SMES), where resource limitations may otherwise be prohibitive to the
development of new ideas (Dodgson and Bessant, 1996). Additionaly, the provison of
support measures, such as brokering activities and support centres can provide access to the
resour ces needed by firms to engage in innovation activities (Dodgson and Bessant, 1996).

It should be noted here that within innovation policy there is sgnificant emphasis on the role
of SMEs and new technology-based firms (NTBFsS) in the early stage of development of new
technologies. Reasons for this include: the atractiveness of SVIEs as an externd resource of
new technologies for large firms, the role of SMEs in maintaining localy-based innovative
activities within a country (particularly in countries such as Sweden, where a limited number of
SMIEs provide the basis for business R&D and fundamentd innovation); the ability of SVIEs
to develop and exploit high technologies more easily then large, established companies; and
the potentid for SVIEs to ad in economic regeneration of disadvantaged regions (OECD,
2005b). Consequently, support for R&D funding and networking measures amed a SMESis
often high on the policy agenda.

While some may argue whether they actudly fdl into the innovation policy domain, the topics
of intellectud property rights (IPR) and patenting are pervasive throughout innovation policy
literature. The argument for the regulation of patents in order to support the innovation
process has been substantiated via three main arguments. The first argument is the “incentive
to innovate” provided by a paent. In this case, the innovator is granted a temporary
monopoly on ther innovation, alowing them to capitaise on their work without threst of
imitation (Borrés, 2003). In this manner, intellectual property rights can act as an incentive for
the creation of knowledge and investment of resources. The second argument is the

6 The Industrid PhD progranme is a Danish initiative to enhance R&D in the Danish business sector by training researchers
to gain indght into the business related aspects of R&D and by building persona networks between companies and
research institutes/universities.
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establishment of an “innovation market”, which results from the buy-sell actions of patents or
licence rights. The rights to a patent-protected idea can be sold to interested parties who see
an gpplication for the ideg, thus dlowing the originator of the ideato benefit from their work.
As such, IPR can induce the commercialisation of the results of innovative activity tha may
otherwise have been kept secret by their creator. The third argument regarding the role of IPR
in the innovation process is the “disclosure” function of a patent. While the innovetor retains
rights to their innovation, the public avalability of the patent data dlows for disclosure of the
new innovation (Borras, 2003). In such a manner, IPR dlows access by others to the new
knowledge of the inventor. Despite these arguments for the importance of patenting and
IPR for the innovation process, however, empirica evidence regarding its effects on
innovation remains limited. A review by Jaffe (2000) of the previous anayss atempts of
economists to measure the impacts of mgor changesin patent policy and practicesin the U.S
over the last two decades reveded few robust conclusions regarding the innovative impacts of
IPR and patent policy. Some, such as Branscomb and Keller (1998), have pointed out that the
importance of patenting is heavily dependent on the industrid sector (for example, the
pharmaceutical industry is more patent dependent than the computer industry).

In addition to the focus on supply sde measures of innovation policy, there has been some
discusson regarding demand side policy instruments in the innovation portfolio. A recent
report published by the Fraunhofer Ingtitute for Systems and Innovation Research (19) in
Germany (2005) has indicated renewed interest by the European Commission in public
procurement as an innovation policy tool and severd studies have noted the potentid of
procurement tools in promoting innovation (OECD, 2005b; OECD, 2006). Despite this
discussion, however, Georghiou (2006) has noted that:

Therange d exgiat innoatian pdides bang gpplied tadgy is vy mud anarnad with the
supply side and even more with R& D support of various types, ranging from funding of sciencein
pubic inditutians thraugh to fisa inantives far firms to inceese R& D gpading Mudh less
attention has bem paid to pdides whidh culd incesse ether the ndtivetion a thelikdy uges
of innovatian by ading upm thedarand sde thet isthe asfiction and purdesed innovative
goods and services.

Summary

Conversdly to environmentd policy and, as has been pointed out by Georghiou and 19,
innovation policy is largely focused on the supply side of the innovation process. Policies in
the innovation portfolio have a significant emphasis on R& D funding to provide resources for
the cregtion of new knowledge and on measures to promote networking and actor
interaction in the innovation system and to contribute to access to knowledge and resour ces.

3.3 Dynamics between Innovation Policy & Environmental Policy

The previous sections have examined the environmentd policy and the innovation policy
perspectives on innovation. However, there is another form of discussion which has emerged
in the environmentd innovation literaure, concerning the integration of innovation and
environmental policy.

The concept of environment policy integration (EPI) emerged from the 1992 United Nations
Conference on Environment and Development (UNCED) as a requirement for sustaingble
development. EPI is defined as: «...the incorporation of environmentd objectives into al
stages of policy making in non-environmental policy sectors, with a specific recognition of this
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goal as aguiding principle for the planning and execution of policy” (Ruud and Larsen, 2004).
As such, according to the concept of EPI, environmentd priorities need to be made part of
the fundamenta process for dl policy making, through both horizontad and verticd policy
integration (HPI/VPI)7. Despite the fact that EPI has been widely recognised to be an
important principle, however, a number of studies have reveded that there is very little
integration or “greening of policies” currently teking place (Lenschow, 2002; Ruud and
Larsen, 2004; Kivimaa and Mickwitz, 2006).

At the same time that EPI is being discussed anongst academics and policy makers, there is
an ongoing dialogue regarding a new third generation of innovation policy which places policy
integration a its core. The first generation of innovation policy was based largely on the idea
that innovation was a linear process, beginning with laboratory activities and moving towards
commercia gpplications. Realisation tha innovation is, in fact, a complex process involving a
network of actors and interactions, resulted in the move towards the second generation of
innovation policy (largey employed today) which focuses on strengthening the innovation
system. Third generation innovation policy, however, recognises tha innovation is deeply
interlinked with a number of areas and activities and, as such, cdls for the placement of
innovation & the heart of every policy area (Lengrand, 2002; OECD, 2005c). A 2002 report
prepared for the European Commission regarding the evolution towards a third generation
policy has atempted to highlight the interactions between innovation and a variety of related
policy areas and has noted that there needs to be acal not only for innovation consderations
in environmentd policy, but dso for environmentad consderaions in innovation policy
(Lengrand, 2002). Foxon, Pearson e d. (2004) have employed the term ‘sustainable
innovation policy to address this issue of improved interaction between innovation and
environmental policy.

A relatively new stream of literature has recently emerged which discusses the integration of
innovation and environmentd policy together. The importance of combining environmentd
and innovation policy eements in order to spur environmentd innovations has been noted.
While discussion regarding this topic has begun on paper however, those nationd evauations
which have been done (Norway, Finland, Belgium) have shown that, in redity, integration of
these two policy fields has, to this point, been rather limited (Ruud and Larsen, 2004; Van
Humbeeck, Dries et a., 2004; Kivimaa and Mickwitz, 2006).

The previous discussons regarding environmenta and innovation policy and policy
integration lead to some interesting points. From a review of environmenta and innovation
policies with reference to the preconditions of innovation proposed in Section 1.3, it seems
that environmenta and innovation policy are not necessarily antagonigtic, as may first gopesar,
but are instead potentially complementary in their focus, as shown in Figure 3-1.

7 Horizontd policy integration (HP!) refers to the process of inter-ministerid policy coordination (i.e. the integration of
environment concerns into various policy areas). Verticd policy integration (VPI) refers to the integration of
environmental measures throughout the ministry and its respective policies (Ruud and Larsen, 2004).
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Figure 3-1 Innoation and Emvranmetd Pdigy Dynamics in the Knonlee Resoress Markes
Framework

On one hand, environmentd policy tends to foster a demand sde pull in the innovation
process, through the formation of markets. On the other, innovation policy has been shown
to provide access to knowledge and to resources through its provison of networking and
R&D opportunities. As such, a combination of these two policy aress, as suggested above,
may provide a vaduable means of fulfilling the required preconditions of the innovation
process.

3.4 Characteristics of “Green-Innovation Friendly” Policies

While there gppears to be digparity in the fied regarding the effectiveness of particular policy
insruments in fostering environmentd innovation, there is genera consensus across the
board that the impact of policy depends very much upon the loca context in which it is
applied (Hemmelskamp, 1997; Kemp, Smith et a., 2000; Kivimaa, 20074). For instance, it has
been pointed out by Norberg-Bohm and de Bruijn (2005a) that while collaborative agreements
may work well in the Dutch setting with its strong neo-corporatist traits, these have typicdly
not functioned well in the traditiond rigid and adversarid environmentd policy gpproach in
the United Sates. Additiondly, the Danish wind case illustrates that the socio-political
context in which the industry emerged has played a huge role in contributing to its successful
development (Buen, 2006).

Furthermore, it has been recognised from environmentd innovation studies tha innovetion is
not subject to isolated determinants, but rather a combination of them (the “multi-impulse”
theory) (Klemmer, Lehr et d., 1999). According to a series of studies conducted under a
German project on environmenta technology innovations for example, “ambitious goas for
environmental innovations can only be reached with a multi-impulse strategy oriented towards
specific barriers and players” (Klemmer, Lehr et al., 1999).
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Despite the recognition of the context-specificity of successful policies, however, various
studies conducted regarding traditiona and innovative environmenta policy instruments have
dso attempted to ducidate those generd characteristics of policies which have been found to
contribute to the dicitation of a green innovative response by industry. Based on the results
of empirical studies, the following factors have been noted to play arole in green innovation:

Sringency/ Ambition level (Jéanicke, Blazgczek et d., 2000; Kemp, 2000). Drastic
regulations, such as bans, have been shown, in some cases, to dicit a more radica
innovation response.

Reduction in uncertainty (Norberg-Bohm, 1999; Lehr and L6bbe, 2000; Astrand and
Neij, 2006; Kivimaa, 2006c). There must be a degree of predictability for industry,
developers and investors, as well as foreseeability regarding future policy directions
and timelines.

Flexibility (Norberg-Bohm, 1999; Lehr and Loébbe, 2000). An innovative policy will
allow firms to respond to goals with any technology that meets the environmental goal
and will avoid “picking winners”.

Time horizon/ Ingrument timing (Lehr and Ldbbe, 2000; Norberg-Bohm, 2000;
Adtrand and Neij, 2006). Adeguate time is necessary prior to the enforcement of a
regulation to encourage innovation and avoid hasty, short-term solutions. However,
this must be traded off againgt the risk of increased environment, hedth or safety
damage. Furthermore, policy ingruments must be timed agppropriatey so as to
provide incentives or imperatives a the gppropriate intervas and to maintain support
for the appropriate timeframe.

Elicitation of continuous improvement (Kivimaa, 2006¢; Kivimaa, 2007a). (This could
perhaps be tied to the ambition level/stringency of policy noted above). Policies which
require industries to strive for continuous improvement, through target setting and
gradud tightening of requirements, can help to provide continud incentives for
innovation.

Stimulation of industry-generated information (Norberg-Bohm, 1999).

Provison of economic or politica incentives (such as information dissemination
progranmes that can result in public pressure) (Norberg-Bohm, 1999; Janicke,
Blazejczak et al., 2000).

Contribution of both supply and demand policies (Norberg-Bohm, 1999; Christiansen,
2002; Buen, 2006). Supply and demand policies should be implemented in pardld in
order to stimulate technologica development from both a push and a pull perspective.

Diverdfication of R&D (Norberg-Bohm, 2000; Jacobsson and Bergek, 2004; Astrand
and Neij, 2006). R&D policies should be designed so that options for the pursuit of
multiple strategies for a single technology, as well as multiple technologies, reman
open and avoid technological lock-in.
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4 Three Sector Cases

In order to develop a grester understanding of the environmenta innovation process in the
Nordic countries, three sectors have been examined in closer detal: the mobile phone
industry, the pulp and paper industry, and the building industry. Each of these sectors has
played a sgnificant role in the Nordic economy and has been of interest, historicaly and/ or
presently, in terms of environmentd performance. They span from low to high technology
sectors and represent, respectively, product, process and project-based industries. There are a
vaiety of damilarities and differences among them in terms of sector characteristics and
innovation dynamics, which have played arole in shaping their development and progress in
the fidd of environmenta technology. Within each sector, severd case studies pertaining to
environmenta innovations have been reviewed in order to provide some unigque case leve
ingght into the processes of environmentd innovation in the various industries. While the
sectors and case studies themsalves are quite distinct from one another, they dl focus on
energy and/or energy efficiency related innovations.

This chepter provides an overview of the innovaion dynamics of and the significant
environmental policies affecting each of the three sectors in the Nordic countries and presents
the corresponding sector-specific case studies.

4.1 The Mobhile Phone Sector

4.1.1 Overview

The mobile phone industry has a unique history in the Nordic region. These countries have
played a sgnificant role in the development of the modern mobile network sysem and
currently they host some of the most significant actors in the mobile phone industry. 1n 2004,
electronic and telecommunication products represented 15.5% of the totd export vaue of
Sweden (Swedish Ingitute, 20078). Smilarly, in 2006, the vadue of telecommunications
exports represented 13.7% of the total value of exportsin Finland (Statistics Finland, 2006).

The first commercid cdlular networks (1G), based on an andogue system, were launched in
Japan in 1979, in Scandinaviain 1981, and in Chicago in 1983 (Dirckinck-Holmfeld, Andersen
et d., 2007). The Scandinavian countries chose to adopt a common mobile standard, NMT,
for which the specifications were free and open. This open standard dlowed for the cregtion
of an internationd mobile telephone system and the broadening of the mobile phone market
across borders. As a result, many companies produced hardware compatible with the NMT
standard, driving prices downward, and a rapid increase in mobile telephone usage, particularly
in Northern European countries, ensued. The use of an open system resulted in a greater
focus of the Nordic countries on internationa telecommunications strategies in comparison
with U.S and Jgpanese players who were limited to intranationd competition due to
incompatible systems. (Remmen, 2007a)

At the beginning of the 1990s, mobile phone communication was digitaised, resulting in the
second generation (2G) of mobile phones. The network capacity was expanded, dlowing
more users to access the system a once and improving cdl qudity. Inspired by the success of
the NMT system, the EU crested the GSM standard, with significant involvement of the
Nordic countries (Dirckinck-Holmfeld, Andersen et d., 2007). This standard provides
internationd roaming capability, giving consumers seamless connectivity across numerous
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countries. In line with the historic Nordic prominence in the mobile phone industry, Finland
became the first country in the world to offer a GSM service in 1992. GSM is currently the
world leading wirdess mobile communications standard, having over 2 billion subscribers,
dthough different competing nationd standards continue to exist in the U.S, Jgpan, China
and dsewhere (GSM World, 2007). Contrary to much of the first and second generaion
systems, the GSM sandard has been established through cooperation of a multitude of
companies, where anumber of actors hold patents. In lieu of the traditiona use of patentsto
exclude others, in this system the patents are instead used as a method of gaining roydlties.
(Dirckinck-Holmfeld, Andersen et al., 2007)

The latest cdlular phone technology available today is referred to as third generation (3G).
This technology followed quickly behind 2G and is based on an Internaiond
Telecommunication Union (I TU) initiative for a sngle globd wireless standard. This concept
has now evolved into afamily of five 3G wirdess sandards. It is commonly stated that 3G is
not a “rigid> sandard, but rather is a set of regquirements that most networks and
brandholders must follow regarding minimum bit-rates (2 Mb/ s in fixed environments, 384
Kb/ sin urban environments, 144 Kb/ s in wide area mobile environments, and varigble data
raes in large geographic area systems) (3G Today, 2007). 3G dlows for greater data
transmission via the mobile phones (gpplications such as internet connections and content
downloads), resulting in greater network usage. Today, both 2G and 3G mobile phone
systems coexist and severd of the 3G standards are compatible with the 2G system. Initidly
the 3G system faced severd technicd problems including low battery time (due to high power
draw) and handover problems between networks. These problems have now been addressed,
however the diffusion of 3G has been notably dower in the European market than in the
more advanced Asan makets such as South Korea and Jgpan. (Dirckinck-Holmfeld,
Andersen et a., 2007)

Despite the fact that 3G networks are still relatively new, discussion regarding 4G networks
has dready been initiated. No forma definition has been set for 4G as of yet, but the basic
idea is to make data transmisson more flexible and independent from any specific access
technology. The basic technologies required for 4G are Internet Protocol (IP) technology,
therefore making the system compatible with adl common network technologies (eg.
Bluetooth, WiFi, etc.), and software which adlows the handset to access different frequencies.
4G will dlow for greetly incressed data transmission, enabling such applications as interactive
multimedia, voice and video streaming. (Mobile in a Minute, 2006; Dirckinck-Holmfeld,
Andersen et a., 2007)

In line with ther higtoric role in the development of mobile phone systems, severa Nordic
players continue to have a dominant role in today’s mobile phone industry. Nokia (a Finnish
based company) and Sony Ericsson (of Swvedish origin) are, respectively, the firs and fourth
largest providers of handsets in the world. Additionaly, Ericsson is the largest producer of
network equipment worldwide, followed by the newly established joint venture between the
network divisons of Nokiaand Semens. (Enter & IDATE, 2007) Sgnificant R&D activities
related to mobile communications development have taken and continue to take place within
Danish research clusters situated in Northern Jutland and in Copenhagen (Remmen, 20073).
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4.1.2 Sector Characteristics
Sector Classifications

According to the OECD classfication system of manufacturing industries (which is based
upon an anaysis of R&D expenditures and output), the mobile phone sector is consdered to
be a high technology industry (OECD, 2005d). Furthermore, the sector can be characterised
as product-based, referring to the fact that the focus of this industry is on the development of
the final product and on its performance, rather than the process by which it arrives.

In comparison to many “traditiona” industries such as pulp and paper, the mobile phone
industry is relatively new, with the first generation mobile phone systems originating in the late
1970¢/ early 1980s as described above. The continua development of new products within
the sector is an important activity within the industry and large brandholders spend
approximately 10% of ther turnover on R&D activities (Dirckinck-Holmfeld, Andersen et d.,
2007; Moussette, 2007). It has been mentioned that, in some cases regarding the design of
phones, technology development precedes marketing idess. That is, technology develops first
and brandholders then decide what sort of gpplications could exist for this new technology
(Moussette, 2007).

Actors and I nteractions

The mobile phone industry plays a significant role in the Nordic countries. In 2006, Nokia had
aturnover of 41 billion Euros and employed gpproximately 70 000 individuas, over 35% of
whom worked in Finland (Remmen, 2007a8). Smilarly, in Sveden, Ericsson and Sony
Ericsson represent significant industry presences.  In addition to direct employment effects,
the mobile phone industry has close reationships with the education and research facilities
around it. For example, early engagement of the mobile phone industry in Denmark has
resulted in the establishment of two research clusters, related closdly to the Danish Technicd
Universty and Adborg Universty (Remmen, 2007a). The importance of education for the
success of the industry has been realised since the beginning stages of the industry.  An initia
part of Finnish Nokias efforts towards internationaisation of the company concerned forma
education. Nokias CEO sressed the need for internationd student exchange programmes
and close collaboration between industry and academia One result of this was the
establishment of “Nokia University”, an education programme managed by severd Finnish
universities in collaboration with Nokia, with the am of increasing the forma competence of
al Nokia employees by one level (i.e. those with a Bachelor’'s degree were encouraged to
obtain aMaster’s degree). (Blomstrom and Kokko, 2003)

The mobile phone industry is characterised by a wide range of actors who play arole in the
innovation dynamics of the sector. Globdisation of the industry has resulted in production,
assembly and R&D activities being spread over a wide geographic area. Production of the
most advanced components typicaly takes place in the U.S, South Korea and Tawan.
Production of basic components and assembly generally occursin lower-labour cost countries.
R&D activities typicaly occur in Western countries, though recently many knowledge-based
activities are being off-shored to South-East Asia. (Dirckinck-Holmfeld, Andersen et al., 2007)
A generd overview of the sector’s organisation and itsinteractionsis provided in Figure 4-1.
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Figure 4-1 Mobile Phone Sector Actor Network (Adapted from Dirckinck-Holmfeld, Andersen et al.
2007)8

The intense competition which has existed in the handset market and the economic criss
experienced by many IT sectors a the turn of the century has resulted in a mobile phone
market that is currently dominated by a few large globd players (Dirckinck-Holmfeld,
Andersen et d., 2007). As of 2006, sx mgor brandholders held approximately 85% of the
sharein the globd termind market (see Figure 4-2). Design of the mobile phones is typicdly
done in conjunction with developers, marketing personnel and industrid designers, based on
the technology road map created by the brandhol ders (M oussette, 2007).
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Figure 4-2 Mobile Phone Brandholders Market Share, Q3 2006 (Enter & IDATE, 2007)

8 Note that this figure is intended to represent the industry actor network and not the innovation network (research institutes,
universities, and other rlevant innovetion actors are not present).  The same note gpplies to the actor network diagrams
for the pulp and paper and building sectors.
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From the beginning of the 1990's onwards, mobile phone companies have increasingly begun
to outsource phone manufacturing as a strategy to decrease production costs.  The contract
manufacturers, often referred to as Electronics Manufacturing Services (EMFS) in the
electronics indugtry, face fierce competition. As such, they often try to better postion
themselves by providing production and assembly services to severa brandholders a once
(allowing them to further capitalise on their equipment investments and desensitise themselves
to market fluctuations), and by providing additiond vaue added services, such as the
production of criticd components. Recently, many large EMFS have expanded their
competences to include supply chain management, logistics planning, testing and customer
contact, so that brandholders only need to ded with one supplier. These EMFS are referred
to asturnkey suppliers. Other contract manufacturers provide the service of Origind Design
Manufacturing (ODM).  The main difference between an EMFS and an ODM s that an
ODM produces a product based on its own intdlectua property rights, while the EMFS
produces based on the property rights of its clients. ODM services include the technicd and,
sometimes, the visua design of its products. In many cases, EMFS are large globd providers
whose turnovers and number of employees exceed those of the brandholders themselves.
(Dirckinck-Holmfeld, Andersen et al., 2007; Remmen, 2007a)

Centrd chips and chipsets represent highly important pats of a mobile phone, and
chipmakers typicdly work directly with the brands or with the EMFS or ODM. Components
suppliers (e.g. speskers, printed circuit boards, etc.) generdly supply to the EMFS or ODM.
The dectronic building block manufacturers and materid suppliers who supply centrd
electronic components and materids to manufacturers represent mgor industries which are
notably larger than the brandholders themselves. The batteries and chargers supplied with the
phone are typicaly specified by brandholders and are supplied as modular units. (Dirckinck-
Holmfeld, Andersen et al., 2007; Remmen, 2007a)

Network operators play a mgor role in the mobile phone industry, representing the largest
customers to both the brandholders and the network equipment providers (Lundberg, 2007,
Moussette, 2007). The mgority of phones are sold through operators and, through
advertisements and subsidisation of phones (eg. payment of phones through monthly
instalments), they can have a significant influence over the types of phone sold. Operators are
increasingly asking for customisation of phones around their servicesto support and drive the
content and data gpplications that the operators are investing in (Sngha, 2005b; Moussette,
2007). 1t has been sad that operators are largely interested in promoting phones that increase
network usage (i.e. phones with features that encourage increased use of datatransmission) in
order to incresse their revenues (Dirckinck-Holmfeld, Andersen et d., 2007). Theresult isa
corresponding increase in the energy consumption of the phone. In regards to network
equipment, the demands of the operator dso play a significant role in product development.
Concerns from operators in the past have been sad to have played an influencing role in
cleener materids and energy efficiency improvements (Tojo, 2001; Lundberg, 2007). The
ultimate client for the network operators, in turn, is the individual end user.

Despite high levels of competition that exit between various actors, in regards to
environmenta issues the mobile phone industry in generd is characterised by arelatively high
level of cooperation and interaction on environmenta matters between mgor industry players
(Snghd, 2007). This can be partly atributed to the requirements for standardisation within
the industry (Rice and Shadur, 2000). Additiondly, the industry has a history of cooperative
interactions with governmenta authorities and significant ties to university research ingtitutes
within the Nordic countries.
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As dictated by its nature, actors in the mobile phone sector involved in R&D activities,
generdly consist of individuas with a post secondary education and formd training in the
electronics fidd. As such, many actors are familiar with a formalised learning system and,
therefore, are more likely to share asimilar frame of reference.

Markets & Innovation Trends

Within the mobile phone market, the vaue added of the product generdly comes from the
functiondity and features of the phones (Snghd, 2005b; Moussette, 2007). Handsets are
designed and produced for variety of markets, both domestic and international. The design of
the product and its features is largely dependent on the target market and segmentation exists
both within a nationd market and between geogrgphica regions. For example, within the
Nordic countries there may be markets for both areatively sophisticated phone as well as for
asample phone which has only basic cdl and text message features. Additiondly, between the
Nordic and Asan markets, there is a substantid difference in market interests (Moussette,
2007).

Despite the variety of target markets in the industry, there is a generd perception that the
overall market for green mobile phonesis limited (Sngha, 2005b). In addition, there is some
indication that the level of consumer awareness regarding the environmenta impacts of
mobile phones may be limited. In a survey initiated by the Danish product pand for
electronic products under the Danish EPA gpproximately one third of respondents answered
‘no’ when asked if environmentd problems arise in connection with the production, use or
disposa of dectronic products. Smilarly, only one in five consumers indicated that they
believed tha the production, use or disposd of mobile phones is associaed with
environmental problems. (Jensen, Sgrensen et a., 2003)

There are anumber of ongoing innovation trends within the mobile phone industry. The first
is ashift towards the modularisation of components, enabling a core hardware platform to be
combined with varying software platforms and modules (i.e. enhancing fegtures, such as
cameras). This plaform-based hardware development dlows brandholders to offer
differentiated products to the market, while maintaining efficient production by using the
same building blocks (Dirckinck-Holmfeld, Andersen et d., 2007, Moussette, 2007).
Additiona trends include increased data transmission as can be seen with the evolution of
mobile phones from 1G towards the pending 4G system, and the increased integration of
other eectronic devices (eg. cameras, mudc features) into mobile phones (Dirckinck-
Holmfeld, Andersen et d., 2007; Moussette, 2007). Accompanying these ongoing increases in
data transmission rates and functiondity are incresses in energy demands on the phone. Past
industry effortsto increase the energy efficiency of mobile phones have largely been driven by
aneed to baance increasing energy demand with a reasonable battery time and smdl phone
size — features demanded by the market (Moussette, 2007).

In recent years, a series of energy efficiency improvements in mobile phone chargers have also
been realised. These improvements have been associated with a need to better the charger’s
technica performance coupled with an increasing public policy focus on energy consumption
issues and with a change in market prices for raw materias (Remmen, 2007a). In the case of
network operaions, energy expenses typicaly represent varidble costs. As such, efforts to
improve the energy efficiency of network equipment are largely driven from an economic
perspective (Lundberg, 2007; Singhal, 2007).
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Palicies

The mobile phone industry is affected by a number of policies, which include Electromagnetic
Compatibility Requirements (EMC), product safety requirements, and the requirements and
guidelines for the product accessibility of mobile devices in every region (Snghd, 2005b). In
recent years, anumber of policies amed towards product-related environmenta improvement
in the consumer eectronics sector have arisen. The globa nature of much of the eectronics
industry, including the mobile phone sector, has resulted in the orientation of much of this
policy towards an internaiond (eg. EU) level. Sgnificant product-related environmentd
policies which affect the mobile phone industry include:

The Waste Electricd and Electronic Equipment (WEEE) Directive (2002/ 96/ EC)
(mandatory). The WEEE directive is based on the concept of extended producer
responsbility and ams to prevent the generation of dectrica and dectronic waste, to
maximise the recovery of this waste, and to encourage the producer to teke
environmenta issues into account in the product design phase. Through the directive,
producers of eectrica and dectronic equipment are responsible for their end-of-life
products and they can choose to handle their responsbilities individudly or via a
collective system (involving a producer organisation). The directive itsdf is a
framework directive meaning that implementation is up to individuad EU Member
States. Inregardsto its effects on the mobile phone industry, the WEEE directive has
received some mixed reviews. While optimism regarding the ability of the directive to
influence the collection and design of products has been expressed by some (eg.
(Workshop, 2007d)), criticism regarding its effect on the mobile phone industry has
aso been expressed. The smdl size of the products and their inclusion in a combined
product category have been cited as potentid obstacles to redisng more effective
collection and design changes in mobile phone products (Dirckinck-Holmfeld,
Andersen et d., 2007).

The Redriction on the use of Certan Hazardous Substances in Electricd and
Electronic Equipment (RoHS Directive (2002/ 95/ EC) (mandatory). The RoHS
directive is related to the regtriction of the use of lead, mercury, cadmium, hexavaent
chromium, polybrominated biphenyls (PBBs) and polybrominated diphenyl ethers
(PBDES) in dectricd and dectronic equipment. It essentidly serves to ban the use of
these substances, with the exception of a series of exemptions. Conversdy to the
WEEE directive, ROHS s a harmonisation directive, which means tha Member Sates
cannot adopt nationa measures that deviate from its basic level of regquirement.
Ambiguities concerning interpretation of some of the directive’s requirements have
been sad to have contributed to difficulties in its implementation and issues regarding
monitoring and enforcement of compliance (both by companies and authorities) have
been noted as a potential problem area (Kautto and Kérng, 2006; Dirckinck-Holmfeld,
Andersen e d., 2007). Degpite this, however, the directive has been credited with
having a number of benefits including lending credibility to environmenta work

9 Within the WEEE Directive, mobile phones are included under product category 3 — IT and Telecommunications
equipment. In addition to mobile phones, this category includes such items as persona computers, laptops, printers, and
fax machines. The Directive pecifies that member states should ensure that a separate rate of collection of &t least four
kilograms of WEEE per habitant per year from private households is achieved by member states. Further, it specifies that
for WEEE faling within product category 3, the rate of recovery should be a minimum of 75% by an average weight per
gopliance and rate of the reuse and recycling should be a minimum of 65% by an average weight per gppliance. Dueto
ther smdl size, it has been suggested tha collection and re-design efforts for mobile phones could be overlooked in
favour of focus on heavier or larger items (Dirckinck-Holmfeld, 2007).
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amongst companies, inspiring communication throughout the supply chan; and
diffusion of practices such as lead free soldering (Kautto and Karna, 2006; Dirckinck-
Holmfeld, Andersen et al., 2007).

Ecolabelling Initiatives (voluntary). Ecolabels (Type 1) refer to environmental |abels that
can be placed on products to indicate overdl environmentd preferability of a product
within a product category based on life cycle consderationse. Currently, there are no
EU levd ecolabes which exit for mobile phones, though criteria have been
established by the Svedish Confederation for Professona Employees (TCO) and the
German Blue Angd. Currently, no mobile phone companies have chosen to ecolabel
their phones, stating as a partiad reason, the ingpplicability of current labd typesto the
mobile phone industry (i.e. the process of evduating a product and awarding a labd is
too lengthy) (Remmen, 2007a; Singhal, 2007).

The aforementioned policies target the mobile phone itself and are largely geared towards
materids and waste management issues. In regards to energy and energy efficiency issues,
several EU-level policies exist, including:

The Eco-Desgn of Energy-Using Products (EuP) Directive (2005 32/ EC)
(mandatory). Smilarly to RoHS the EuP is a harmonisation directive. 1t does not
introduce directly binding requirements for specific products, but does define
conditions and criteria for setting, through subsequent implementing measures,
requirements regarding environmentally relevant product characteristics. Based on the
directive, requirements for specific product groups will be established. Consumer
electronics (including mobile phones and accessories) represents a product group that
will be addressed in the first stages of implementation measures. Discussions regarding
the type of criteriathat should be gpplied to externd power supplies (including mobile
phone chargers) are currently in progress (Remmen, 2007a).

The European Code of Conduct (CoC) on Efficiency of Externd Power SQupplies
(voluntary). This code of conduct ipulates the maximum accepteble power
consumption of externd power supplies (including mobile phone chargers). The
mgority of manufacturers in the mobile phone industry adhere to this code of
conduct, which requires a sandby power consumption of less than 0.3W, though the
sandard has been criticised for being essy to meet usng today’s conventiona
technologies (Workshop, 2007€).

The IPP Pilot Project (voluntary). The IPP Pilot Project for mobile phones was
initiated by the European Commission as part of ongoing efforts to work together
with stakeholders to develop Integrated Product Policy (IPP)t (Singhal, 2005a). The
project is headed by Nokia and the stakeholder group involved in the project includes
mobile phone producers, component manufacturers, government organisations,
research inditutes, teecom operators, recyclers, non-governmenta organisaions
(NGOs), and consumers. The project consists of five stages. In thefirst stage, the life
cycle impacts of mobile phones were evduaed. In the second stage, options to

10 This is the definition provided by the Internationa Organisation for Sandardization (1S0) for a Type | environmenta
label. Currently, there are three types of environmental |abels defined by 1SO.

11 The IPP gpproach of the European Commission aims to “reduce the environmenta impacts from products throughout
their life-cycle, harnessing, where possible, a market-driven approach, within which competitiveness concerns are

integrated” (Snghd, 20053).
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improve the environmenta impact of the phones based on the findings of the stege |
report were identified. In stage I11, the socid and economic impacts of the identified
measures were evaduated. 1n the fourth stage, stakeholders committed to take action
to reduce the environmenta impact of the phones in the key environmentd aress. In
the fifth stage (currently ongoing), the stakeholders are responsble for implementing
the commitments made during the fourth stage of the project (European Commission,
2007D).

4.1.3 The Cases

The case studies presented in this section have been sdlected, researched and anaysed by the
project partner, Adborg Universty (AAU) in Denmark. The case descriptions presented
bdow are synthesised from the work conducted by the AAU team. In some ingtances,
materid collected by the patner has been supplemented with additiond primary and
secondary data.

The case studies reviewed for the mobile phone sector are 1) energy efficient chargers; and 2)
a potentia system configuration for the up and coming 4G network systems. In the Stage |
IPP report produced regarding the mobile phone industry, energy consumption associated
with the phone has been identified as the most important environmentd issue during various
life cycle phases (Sngha, 20058). Mobile phone chargers (and standby power supply unitsin
generd) have recelved increasing atention over the past severd years due to the potentid
energy savings associated with ther improvement. There is sgnificant ongoing discussion at
the government and industry level regarding the appropriate measures that should be taken to
address this issue. In regards to 4G networks, it is hypothesised within the industry tha a
movement towards this new system will bring about notable additiond increases in energy
consumption of the mobile phone network. However, consideration of energy efficiency in
the area of 4G development has, as of yet, received reaively little public atention, making it
an interesting point of focus (Remmen, 2007b).

Mobile Phone Chargers (Mobile-1)

It has been recognised for a number of years tha the standby power consumption2 of
electronic devices represents a significant usage in energy when consdered as a whole.
Sandby power consumption in the residentia sector in the OECD countries is estimated at
goproximately 1.5% of totd energy consumption. Daa in the commercid sector is less
prevdent, however estimates have shown tha this vaue may account for 2.2% of OECD
electricity use. (Bertoldi, Aebischer et al., 2002)

Chargers can be categorised as linear or switch mode. Linear chargers are generdly
consdered to be quite inefficient, converting less than hdf of the input energy when charging
the phone and, in the worst cases, having a standby power consumption equd to a full load
charge. Switch mode chargers, on the other hand, have an average performance level of 75%
during charging, and have an average standby power consumption of 0.2-0.3W. Throughout
the 1990s and the early 2000s, linear chargers dominaed the mobile phone market, with
switch mode chargers being sold only with high end phones and as accessories to those
wanting afaster charge of their phones. However, from the early 2000s onwards, switch mode

12 gandby power has been defined as eectricity consumed by end-use eectronics, such as televisions, cordless phones, office
equipment, when switched off or not performing its main function (Bertoldi, Aebischer et a., 2002).
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chargers began to represent a growing market and are now supplied with most mid to high
end phones. This switch have been dtributed to severd factors including increassed
performance demands from consumers (switch mode chargers are smaler and provide faster
charging time), increasing plastic and copper prices (these items are used in a greater amount
in linear chargers), and an increasing government focus on the issue of standby power
consumption. (Biolntelligence Service, 2006; Remmen, 2007a)

While switch mode chargers perform substantidly better than linear chargers, the capacity
exigds today for even better performing devices. In 2000, a PhD thess a the Danish
Technica Universty (DTU), involving the design of a high efficiency, low standby power
consumption power supply for a Bang & Olufsen (B&O) television set, was completed. The
project, which was financed by the Danish Energy Agency and completed in collaboration
with severa companies and another university, resulted in the design of a power supply unit
cgpable of achieving 83% efficiency during the supply of 1W and consumption of less than
0.006W in standby mode.  If the design were gpplied to a mobile phone charger (which
typicdly has a higher energy pull in standby mode), it is anticipated that the standby power
consumption would be less than 0.01W. The results of the PhD project were partidly
implemented in a B&O televison set, were presented a various conferences, in academics
papers, and to brandholders and ODMs, and are available on the internet.  Sdcomp, a
Finnish company who is one of the world’s leading manufacturers of power supplies for
handheld devices, has smilarly designed a new charger with an in-use efficiency of 63% and a
standby power consumption of 0.01W. The development was made by Sdcomp in order to
establish Best Avallable Technology (BAT) as part of their pre-operationd work related to the
EuP directive. (Remmen, 2007a)

Despite the fact that better technologies are currently available, however, they have not yet
penetrated the mobile phone market.  Academia brandholders and power supply
manufacturers have dl cited cost as the man barrier for the implementation of the new
technology (Snghd, 2007; Workshop, 2007e). Furthermore, lack of economic incentive on
the part of both the brandholder and the consumer has been noted as a drawback to the
commercidisation of more efficient chargers. While the brandholder realises the additiona
cost of the charger, the consumer recognises the savings. Because the overall savings resulting
from a more efficient charger are insgnificant in the eyes of the consumer, they see no
economic incentive to pay more for the more efficient charger. (Remmen, 2007a)

While the best performing chargers are ill not on the market, work has been undertaken by
severd mgor players on the charger standby power consumption issue and improvements
have been seen (see for eg. (Nokia 2007)). Nokia, as part of its climate change strategy has
sated that they will introduce near-zero no-load chargers with their high end phones and will
ensure that average no-load charger consumption will be reduced by 50% by 2010.
Furthermore, new models of Nokia phones are equipped with a reminder to unplug the
charger when charging is complete, a recommendation which arose as part of the EU IPP
pilot project headed by Nokia.(Singhal, 2007)
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4G Network (Mobile-2)

As previously mentioned, although 3G mobile phone technology is still in its beginning stages,
discussions regarding 4G technology and its potentia forms have dready begun. While the
basic premise of 4G is to make data transmisson more flexible and independent from any
specific access technology by basing the system on | P technology, there are a number of ideas
on how the system should actudly materidise in form. While some operators, who currently
maintain afavourable position in the industry, would like stability and little change in the new
network, others have a different viewpoint. Generdly, while Jgpan and Europe would like to
see 4G continue dong the same path as an extension of 3G, the United Sates is favouring a
greater change in network structure. (Dirckinck-Holmfeld, 2007)

Historically the shifts from each generation of the mobile technology to the next have entailed
an increase in energy consumption in the network. Therefore, regardless of the route taken
with 4G, energy efficiency concerns related to increased data transmission are likely to present
themselves. Increased energy consumption associated with increased data transmission will
require increased energy efficiency of the phone, the battery, or both. A research group a
Adborg University (AAU) in Denmark has been undertaking work on the development of a
system tha would use ad-hoc clustering and peer-to-peer sharing in order to reduce the
energy pull of individua phones. The basic idea is that the phones of individud users
‘coopera€e by sharing data between one another. In such a manner, data transmission raes
and energy efficiency of the phones can be increased. Aaborg University has a tradition of
research within wireless technologies and is currently administrating the EU MAGNET
Beyond programme, co-financed by the EU 61 Framework Programme (FP6). Despite this,
however, the clustering research has received less atention, and is primarily funded by the
university. (Remmen, 2007a)

A software programme dlowing for the establishment of a cluster and the reception and
retransmisson of daa has been created by the research team. However, the use of the
technology is currently limited to phones with open software and requires a user’s active
involvement. In order for the system to become viable, the involvement and cooperation of
both brandholders and operators is needed. While the project has received some interest
from industry, the research group has not yet succeeded in commercidising the technology.
Despite the potentid energy savings dso experienced by the network operaor (energy
consumption represents a variable cost for network operators and consegquently maximising
energy efficiency is a core business priority), lack of interest by operators has been theorised to
be related to the lack of an gppropriate payment structure to dlow for peer-to-peer sharing
and/ or operaors generdly reactive gpproach to new technologies. Furthermore, the industry
is currently in an uncertain postion with regards to what 4G will bring. Consequently, there
may be alack of willingness to commit to any given path. (Remmen, 2007a)

4.2 The Pulp & Paper Sector

4.2.1 Overview

Similar to the mobile phone sector, the pulp and paper industry has played a substantial rolein
the Nordic economies. Worldwide, the pulp and paper sector is currently dominated by
North American (Canadian and U.S), East Asan (eg. Jgpan), and northern European
(primarily Sweden and Finland) countries (Price Waterhouse Coopers, 2006).
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The modern paper-based industry began to develop in the latter part of the 19t century and
the Nordic countries began trading pulp, paper, board and sawn timber in Europe & the start
of the 20t century. Asaresult, the forest-based sector became the largest exporter in Finland,
Swveden and Norway (pulp and paper production has dways been lower in Denmark and
Icdland). Today, pulp and paper continues to play a strong role in the Finnish and Swedish
economies, representing 23% and 11% of the vaue of tota exports in these countries,
respectively. In Norway, however, the relative importance of the pulp and paper industry has
declined in recent years (now producing only 2.5% of the totd export vaue of Norway), due
in part to the increasing importance of energy production in the country. (Kivimaa, Kautto et
a., 2006)

4.2.2 Sector Characteristics
Sector Classifications

According to the OECD classification syssem of manufacturing industries, (which is based
upon an analysis of R& D expenditures and output), the pulp and paper sector is considered to
be alow technology industry:s (OECD, 2005d). Furthermore, the pulp and paper sector can
be characterised as process-based, referring to the fact that the focus of this industry has
historicaly been on the development of production processes by which the find product is
Created.

Despite the fact tha the pulp and paper industry is classified as low technology, however, it is
consdered to be a part of the “forest cluster”, which conssts of a wide range of industries
that span a variety of technology levels. Within the Finnish forest cluster, for example (see
Figure 4-3), these industries include the forest economy, the packaging industry, the chemica
industry, the printing industry, industrid engineering, consulting and risk management
sarvices, research and education, energy, logistics, machinery and equipment, automation and
information technology, as well as wood construction (Invest in Finland, 2007).

13There is an ongoing debate however regarding the gppropriateness of this classification due to the industry’s increasing level
of technologica sophigtication and its noted adeptness at integrating technologicd innovations from its equipment
suppliers and other cluster members into its operations. Thisis further discussed in Section 5.1.1.
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Figure 4-3 Finnish Forest Industry Cluster (Invest in Finland, 2007)

The pulp and paper sector is generdly considered to be a mature industry and, as is common
with traditiond industries, it is often regarded as less innovative than its more high tech
counterparts.  Typicdly, Nordic pulp and paper producers spend less than 1% of ther
turnover on R&D activities (Kivimaa, Kautto et d., 2006). Despite these rlaively low R&D
inputs by the pulp and paper sector, however, other members of the forest cluster (eg. the
equipment manufacturers) have notably higher levels of R&D activity (Autio, Dietrichs et d.,
1997). The Finnish forest cluster as a whole spends an annud amount of gpproximately 350-
400 million Euros on R&D eactivities with an am to double this amount by 2030 (Finnish
Forestry I ndustries Federation, 2007). Smilarly, in Sveden, the forestry industry in 2005 spent
approximately 200 million Euros on R&D activities (Skogsindustrierna, 2007). Finland’s
Stience and Technology Policy Council has cdled for the establishment of five centres of
excellence within the country to promote continued innovation and the forest cluster
represents one of the focus areas of these centres. The mgor companies in the Finnish forest
cluster in combination with the Technicd Research Centre of Finland, the Finnish Forest
Research Ingtitute and four Finnish universities have established the Forest Cluster Ltd. to
lead the centre of excellence (Finnish Forestry Industries Federation, 2007).
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Actors and Interactions

The forest cluster and the pulp and paper industry are significant employers in both Swveden
and Finland. The Finnish forest cluster provides direct and indirect employment for amost
200 000 individuds, with gpproximately 31% (63 000) of these jobs occurring in the pulp,
paper and wood products industries (Finnish Forestry Industries Federation, 2007). Smilarly,
26% of dl indugtrid employees in Sveden are employed within forest industry cluster
(Skogsindusgtrierna, 1999).  In addition to the direct and indirect employment affects resulting
from it, the pulp and paper industry has dso served to influence the focus of education
around it, particularly in the technicd universities of Sweden and Finland (Blomstrom and
Kokko, 2003; Kivimaa, Kautto et d., 2006). The Nordic countries have been largely credited
with developing the education side of the pulp and paper industry and a significant number of
paper engineers are educated in the Nordic countries (with a particularly high proportion of
these being educated in Finland) (Kivimaa, 2007b; Molkentin-Matilainen, 2007).

As previously mentioned, the forestry sector isimpacted by a number of players, with the pulp
and paper sector representing the largest part of the sector (Kivimag, 2007b). Pulp and paper
manufacturing consists of pulp mills (where usable pulp is produced from wood chips), paper
mills (where this pulp is converted to paper), and integrated mills (where both pulping and
paper making occur). Smilar to the mobile phone industry, the pulp and paper sector has
experienced an increasing internationdisation over the past decades. Prior to the 1980s, the
Nordic pulp and paper sector consisted of dozens of smal companies. In the later 1980s,
consolidation of companies began to occur through mergers and acquistions and
internationdisation of the industry began. The process continued throughout the 1990s and,
today, the Nordic pulp and paper industry is dominated by a few multinationa companies
(Kivimag, Kautto et d., 2006; Finnish Forestry Industries Federation, 2007). The Finnish
industry, for example, consists of three large pulp and paper producers and one dightly
smdler producer, and ownership of the companies is largey foreign (Kivimag, 2007b). A
smilar dominance of the sector by limited number of large companies exists in Sweden
(Swedish Ingtitute, 2007b). The industry is largely governed by economies of scde and it has
been sad that there is limited room for new entrants to the industry (Toivanen, 2007). While
the industry is dominated by large companies, however, there dso exists within the industry a
number of smdl to medium sized companies who have carved out their operaing niches in
particular areas (for example, in the field of recycled paper or speciaised products (Blomstrém
and Kokko, 2002; Toivanen, 2007).

In addition to the pulp and paper producers themsaves, other relevant actors in the industry
include pulp and paper technology development firms, responsible for developing equipment
used in the manufacturing processes, consulting firms and research ingitutes, chemicd
companies and customers (Kivimaa, Kautto et d., 2006; Kivimaa, 2007b). Large customers
have been sad to play an important role in the network via their demand power (Kivimaa,
2007b; Laurila, 2007). A generd overview of the sector’s organisation and its interactions is
provided in Figure 4-4.
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Figure 4-4 Pulp and Paper Sector Actor Network (Adapted from Kivimaa, 2007b; Laurila, 2007)

The Swedish and Finnish forestry industries have been characterised historicdly by strong ties
between the forest industry, land owners and the state (Kivimaa, Kautto et d., 2006). There
is a dgnificant amount of cooperation throughout the industry regarding R&D activities.
Historically, the industry has cooperated with government and influenced the development of
public technology policies and has had close relationships to the state as a result of strong
sector regulation (Kivimag, Kautto et d., 2006; Kivimaa, 2007b). In addition to close
cooperaion with other members of the industry, the forest cluster and the government, the
pulp and paper industries in both Swveden and Finland have developed close links with
universities and research institutes (Blomstrom and K okko, 2003).

While considered to be a low technology manufacturing industry according to the OECD
classification, the pulp and paper sector has undergone increasing automation over the years
and their production processes are generdly conddered to be quite technology-intensive
(Swedish Ingtitute, 2007b). The education level of many sector actorsis a the post-secondary
level (e.g. engineers) (Toivanen, 2007). These actors, therefore, are familiarised with aformal
learning process and have the potentid to share a common frame of reference amongst one
another. The strong knowledge base in the pulp and paper industry has been considered an
important festure of the industry. In the Swedish case, one explanation which has been put
forward for the relatively high skill and education level present within the sector is the efforts
that have been made by the Research Ingtitute of the Swedish Forest Industries (STFI) to
transfer skills from academic ingtitutions to industry. By recruiting engineers and researchers
as “tranees’ during business down-cycles, the institute has asssted in the stabilisation of the
demand for skilled labour, alowing the industry to retain a strong knowledge and skills base.
Additionaly, the ingtitute has provided encouragement to the industry to employ skilled
labour, by providing information about various types of education to the industry and by
influencing the content of higher education in the direction of the industry’'s demands.
(Blomstrém and Kokko, 2003)
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Markets & Innovation Trends

Despite its labd as a “traditiond”, low technology industry, the Nordic pulp and paper sector
has made sgnificant improvements in environmenta performance over the last severd
decades (Kuik, 2006). Sgnificant environmentd changes to the industry have included the
employment of various methods to reduce harmful ar and water emissions, the change in
bleaching technology used in the pgper making process to minimise or dtogether avoid the
use of chlorine, the increasing usage of recycled paper, and various dterations to production
processes to minimise energy and water consumption (Kuik, 2006). These improvements in
the industry have resulted from a variety of factors including public pressures, regulatory
measures and searches for higher process efficiency (Blomstrom and K okko, 2002; Kivimaa,
Kautto et al., 2006).

The pulp and paper industry has been a point of environmentd interest for many years.
Public atention towards environmenta problems originating from the sector began in the
latter haf of the 19t century, first focusing on water pollution and then on air emissions from
the industry (Kivimaa, Kautto et d., 2006). 1n such away, the pulp and paper sector has been
a sort of “first under pressure” actor in regards to environmenta issues, requiring it to
undertake action to preserve itsimage on the public stage (Kivimaa, 2007b). In some instances
regulation has ingpired the adoption of new technologies and, in others, such as in the case of
chlorine bleaching, customer demand has been noted to have been a Sgnificant factor in
prompting environmental improvements (Kivimaa, Kautto et al., 2006; Kuik, 2006).

Pulp and paper is consdered to be an energy intensive industry and is the fourth largest
industrid consumer of energy (6% of totd energy use). The industry aso produces energy as
a by-product of its production processes and generaes approximately 50% of its own energy
needs from biomass (Internaiond Energy Agency, 2006). Energy represents a variable
production cost and while overall energy consumption in the industry has continued to grow
over time, there have been indications that relaive primary energy consumption in the
industry has decreased over the last severa decades (Farla, Blok et al., 1997).

Due in part to the focus of regulatory requirements and to consumer pressures, as wel as to
economic efficiency consderations, the mgority of environmenta innovations which have
occurred in the pulp and paper industry in the past have focused on process innovations
(Kivimaa, 2007a; Laurila, 2007; Toivanen, 2007). To this point, environmenta product
innovations have largdy focused on the use of recycled fibres in the production process
(Kivimaa, Kautto et d., 2006). However, historic stability within the pulp and paper sector
has been replaced over the last decade with uncertainty for the future due to the movement of
production to lower cost countries and changing market demands (Kivimaa, Kautto et d.,
2006; Finnish Forestry Industries Federation, 2007). Consequently, in response to rising
competition there is an ongoing trend in the pulp and paper industry towards product
innovations and expanson into new market aress in order to mantan a competitive
advantage (Kivimaa, Kautto e d., 2006; Finnish Forestry Industries Federaion, 2007).
Strategies pursued by the Nordic pulp and paper industry to remain competitive on the world-
wide stage include a “vadue-added”  strategy which focuses on the provison of more refined
products with higher vaue added to the market. In some cases, companies have developed
close connections with customers in order to develop specidised products for niche market
demands (Blomstrom and Kokko, 2002). Despite this move towards product innovations
however, the conservative nature of some of the industry’s customers has been highlighted as
a potentia limitation to product innovations within the industry (Laurila, 2007; Toivanen,
2007). Where customers want to maintain a traditiona product for market or economic
reasons, this can impede the innovation process. Additiondly, exports are a significant market
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for the Finnish and Swedish forestry industry. In Finland, in 2005, 91% of the totd
production of the paper and paperboard industries were exported (Finnish Forestry Industries
Federation, 2007). Smilarly, in 2005 Swedish exports totdled 89% of the country’s paper
production (Skogsindustrierna, 2006). The distance of the Nordic countries from the demand
markets has been put forward as a dissuading factor for engagement in the specidisation
strategy, which may be better gpplied by those companies having close market connections
(Blomstrom and K okko, 2002). This high level of export can dso play arole in affecting how
product innovations may best be encouraged.

Palicies

The nature of the pulp and paper industry has historicaly made it to be the focus of loca and
nationd, as opposed to internationd, environmentd regulation. Within Swveden and Finland,
the pulp and paper industry has alengthy history of environmental regulation largely related to
production processes. In the 1970s and 1980s, policy emphasis was on regulatory insruments
(such as emission limits), and these were later accompanied by economic instruments such as
taxation. Environmentd policy instruments affecting the industry have included water and ar
pollution regulations requiring the obtainment of an operating permit and/ or specifying plant
discharge limits and chemicad regulations specifying chemicd handling and usage
requirements. Sudies regarding Finland and Sweden have concluded that adminigtretive
instruments have likely contributed to the diffusion of environmental technologies and that, in
some cases, the anticipation of environmentd regulation has led to new process-related
developments (Hildén, Lepolaet a., 2002; Kivimaa, 2007a).

Energy-related policy instruments affecting the industry have included éectricity and CO>
taxes. An evduation conducted by Hildén, Lepola et d. (2002) regarding the effects of these
economic instruments in the Finnish pulp and paper industry has noted that for many
observed firms, the taxes had only margina cost effects and modest direct environmenta
effectiveness. However, the study has dso noted that the instruments have contributed to the
public discusson concerning energy that has provided politica signals for companies to
undertake energy-related developments. In addition to these mandatory economic
instruments, Finland and Sweden have both organised voluntary instruments with the industry
to improve energy efficiency. Within Finland, beginning in 1997, the government has initiated
a series of voluntary energy conservation agreements with industry, including pulp and paper
producers. Between 1998 and 2002, 157 million Euros worth of investments had been carried
out according to energy anayses conducted within the programme, resulting in estimated
yearly savings of 70 million Euros. Approximately two-thirds of these investments and savings
were realised in the pulp and paper industry (Hietaniemi and Ahtila, 2003). Within Sweden, in
2005, the Programme for Improving Energy Efficiency in Energy-Intensive Industries (PfE)
came into force. Energy intensive manufacturing industries which meet the criteria are given
the opportunity to participate in the programme in an effort to undertake energy efficiency
improvement actions that will provide them the opportunity of being granted tax exemptions
on their electricity consumption (STEM, 2007).

More recently, severd product-related policies have been implemented, which affect the pulp
and paper industry. Conversdly to the traditiondly used instruments that have focused on
process regulation, the product policies often occur a an internationd (eg. EU) level. These
policies include the EU Packaging and Packing Waste Directive (2004/ 12/EC) which contains
provisons on the prevention of packaging waste, the reuse of packaging and the recovery and
recycling of packaging waste, as wel as voluntary ecolabelling measures. The Packaging
Directive employs the principle of EPR and isimplemented at anational level by EU Member
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States. It has been cited in the past as an influencing factor in certain instances in new
product development within the paper and packaging industry (Kautto, 2006; Kivimaa,
20078). In paticular, in the case of the German packaging ordinance where the cods are
based on the weight of the packaging, pressure from customers (the “filler” of the package is
financidly responsble for its handling) has been noted in one study to have played arole in
accelerating product development (Kautto, 2006).

4.2.3 The Cases

The case studies presented in this section have been sdlected, researched and anaysed by the
project partner, the Finnish Environment Ingtitute (SYKE) in Finland. The case descriptions
presented below are synthesised from the work conducted by the SYKE team. In some
instances, materid collected by the partner has been supplemented with additiond secondary
data.

The case studies reviewed for the pulp and paper sector are 1) the gasification of black liquor
for the production of dimethyl ether (DME) transportation fud; 2) the development of
LignoBoost technology for the extraction of lignin from the pulp making process for use in
gpplications such as the production of biofuels; and 3) the development of a bleached, chemi-
thermomechanicad pulping (BCTMP) process that enables greater process efficiency and
lighter and whiter end-products. Pulp and paper represents a highly energy intensive industry
and dgnificant interest in energy efficiency improvements of the sector has been shown in
recent years. Industry and government have supported the concept of transforming the sector
into a supplier of clean energy and of making the industry an important part of a sustainable
society. The firgt two case studies concern innovations that result in the production of energy
products that could be supplied to the market. While these innovations affect the process
technology used in the industry, they do not impact the actual pulp production process or alter
the find paper product tha is produced. The third case study involves a technology
innovation that results in a cleaner production process with better resource and energy
efficiency. Additionaly, in this case anew type of paper product is produced as aresult of the
new process, making it an interesting addition to the first two cases.

Black Liguor Gasification (Pulp-1)

Black liquor is a residue remaining from the pulping process after the cdlulose has been
removed to be used for paper-making. Inaconventiona system, the black liquor isburned in
arecovery boiler, dlowing for the recovery of pulping chemicas and the generation of energy
(U.S Depatment of Energy, 2006). Interest in black liquor gasification for eectricity
production began in the 1980s and R&D efforts and public and private investments in the
technology were made in both Swveden and Finland throughout the 1980s and 90s. Despite
these efforts, however, black liquor gesfication technology faled to commercialise. This
fallure has been atributed to a number of factors including technologicd uncertainties, low
demand, and relatively low dectricity prices due to the availability of hydropower and nuclear
energy in the Nordic countries. (Kivimaa, 2006b; Kivimaa, Kautto et al., 2006)

Despite the numerous failed efforts, one Swedish company, Chemrec, has continued to pursue
black liquor gasification technology steadfastly since the 1980s. The idea for the technology
came from an engineer with a background in the pulp and paper industry who thought that
the gadfication technology used for oil and gas could be used in the case of black liquor due
to its resemblance to heavy fud oil. In conjunction with a friend working in the recovery
boiler industry, the engineer applied for a patent for the idea. In order to obtain funding to
develop the technology, they contacted severd Swvedish and foreign companies and in 1987
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the rights were sold to a company cdled Chemrec, which was involved in the development of
plasma technology for recycling processes in pulp mills. The initid trids using plasma
generators faled and since 1990 Chemrec has changed ownership a number of times, moving
between owners in both the pulp and paper and oil and god gaesification industries.  The
project has faced a number of chdlenges, including interna conflict (as one owning company
aso produced recovery boilers, which Chemrec technology was destined to replace), technica
issues that have been partialy attributed to inefficient knowledge transfer between offices, and
materid selection difficulties. From 1997, development of the project was supported by the
Swedish Energy Agency (STEM) through financid grants and letters of payment guarantee.
This support has been stated to have been crucid for the surviva of the project asit changed
hands. Furthermore, continuation of the project has been largely atributed to individud
perseverance and dedication from Chemrec supporters, staff and management. (Kivimaa,
2006b; Kivimaa, Kautto et al., 2006)

Snce the beginning of the 21t century, a Swvedish research programme (The Black Liquor
Gasification research programme) has focused on the development of black liquor gasification
technology (Kivimaa, 2006b). The programme has amed to facilitate commerciaisation of
the high temperature black liquor gasfication technology in the pulp and paper industry and
tasks within the programme have included the construction of large scde tests in a gasifier
developed by Chemrec, as well as fundamentd and applied research on the black liquor
gadfication process (Arosenius, 2007). The programme is funded by various forest
companies, the energy producer Vatenfdl, Chemrec, the Swvedish Energy Agency, the
Swedish Foundation for Srategic Environmenta Research (Midtra), and the authority of
Norrbotten. The partners in the program are Energitekniskt Centrum (ETC, coordinator),
Luled University of Technology (LTU), Umed University (UmU), Chamers University of
Technology (CTH), STFI, and Swedish Corrosion Ingtitute (Chemrec AB, 2007b). The pulp
and paper industry has been stated to have been the hardest partner to convince to support
the project due to their uncertainty concerning the future potentid of black liquor gesification
technology. No Finnish pulp and pagper companies have yet been convinced to invest. In
2005, a demondration plant for Chemrec's gasfication technology was mechanicdly
completed in Pited, Sveden. The plant is continuing to undergo operationd testing and is
expected to achieve continuous operation by 2010-2011. Expertise from both the pulp and
paper industry and the petrochemicals industry has been considered to be extremely important
in the gtart up and technica refinements required in the test plant. (Kivimaa, 2006b; Kivimaa,
Kautto et al., 2006)

In 2003, the European Commission passed the Directive on the Promotion of the use of
Biofuels or other Renewable Fues for Transport (2003/ 30/ EC). Chemrec were the first to
notice that black liquor gasification could be used to produce transport biofuels. Asaresult of
this new demand, the technicd director of Chemrec invented a method of producing
transport fuds using gasfication technology. The resulting Black Liquor Gasfication with
Motor Fuels production (BLGMF) system is an dternative method of processing black liquor
and is intended to replace conventiona recovery boilers. The technology alows for the
production of dimethyl ether (DME) which can be used as a trangportation fuel which does
not have sulphur or nitrogen emissons. The sysem has been patented by Chemrec. In
addition to the biofuels directive, the rising oil prices and Swvedish tax reiefs for renewable
fuels have served as economic drivers for the project. Chemrec has very recently created a
partnership with Volvo regarding the production of DME fud. In expectaion of more
stringent future regulations regarding truck emissions, Volvo has crested an engine to run on
DME. At the beginning of 2009, the Pited test plant will begin producing DME and the fue
will be tested on 30 Volvo trucks. (Kivimaa, 2006b; Kivimaa, Kautto et d., 2006) Financid
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grants have been provided to Volvo for the development of these vehicles by Swvedish energy
authorities. The support from Volvo has been sad to have been amgor boost for Chemrec’s
transport fuels technology (NyTeknik & 1AGS 2007). In January of 2007, Chemrec secured
a subgtantid amount of venture capitd funding from AB Volvo Technology Transfer and
VantagePoint Venture Partners to help accelerate the commercialisation of the technology and
expand company staff (Chemrec AB, 2007a).

The time for reaching full commercid agpplication has been estimated to be 5-10 years away.
In Finland, the near term redistic potentid of the technology is 2-3 mills, as a result of the
competing use of black liquor for heat and dectricity production. Worldwide there are 400
recovery boilers that have the potentid to be replaced by black liquor gasification technology
when their useful life span has ended. (Kivimaa, 2006b)

LignoBoost (Pulp-2)

The Research Ingtitute of the Swedish Forest Industries (STFI) is a private research and
consulting company in Sweden related to the forestry industry. During detaled studies of
lignin, a compound in wood, they noticed that the substance could be removed from black
liquor to produce a solid biofud. In 1996, development of the LignoBoost process (as
previoudy described) began in STFI, with the vison tha the pulp mill could be a mgor
supplier of energy to society. The idea was originadly received with some scepticism by the
pulp and paper industry, and motivation to participate was limited due to low fossil fuel prices.
An additiond driving force for STFI however, was the ability of the process to aso increase
the pulp capacity of the mill. Typicaly, the recovery boiler serves as the limiting factor in the
pulping process. By removing the lignin, the recovery boiler has a higher capacity.
Furthermore, the life of the boiler can be extended by 8-10 years, resulting in savings of 50-
70% of the cost to build arecovery boiler. (Kivimaa, 2006d)

The LignoBoost technology was developed as a result of R&D work carried out within the
framework of the KAM (Ecocyclic Pulp Mill) and FRAM (Future Resource-adapted Pulp
Mill) progranmes. The KAM progranme, which ran from 1996-2002, was amed a
developing a plant which produced top qudlity pulp and paper products while minimising the
use of non-renewable resources and plant emissons (MISTRA, 2007). Another am has sad
to have been the education of research scientists (Axegard, 2006). The programme was hosted
by STFI and the mgor financiers of the project were Mistra, the Swedish Energy Agency, and
the pulp and paper industry and its suppliers (Berntsson, nd). The programme involved close
cooperation between universities and industry (Axegard, 2006). In the FRAM1 & FRAM2
programnmes, STFI and its partners have taken the most promising results from the KAM
programme towards full scae gopplications. FRAM1 has received funding from the Svedish
Energy Agency, Migtra and industry, and success within the programme has been partidly
atributed to strong networks formed within the initid KAM programme (STFI, 2005). The
currently operationd FRAM2 programme ams to further develop the LignoBoost process
concepts, to identify the consequences for severad mills in the commercid gpplication of the
process and to further develop the lignin fud products. The programme is funded by the
Swedish Energy Agency and various industrid stakeholders and its network involves both
industry and academia (LignoBoost AB, 2006).

The LignoBoost process has been tested as a mobile unit in Portugd and the U.S and a
demonstration plant (to be used in some of the FRAM2 trids) has been established a the
Béackhammer unbleached kraft pulp mill in Sveden. Regular production at the plant began in
January 2007 and in 2007 there will be decisions on full-scale investments in Europe and
North Americabased on the plant’s performance. Partid funding for the demonstration plant
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has come from the Swvedish Energy Agency, dong with the pre-sdling of technology licences.
(Kivimaa, 2006d) Future possibilities crested by LignoBoost related to the further conversion
of a kraft pulp mill to a biorefinery are being discussed, including biomass gasification
(Axegard, 2006).

BCTMP (Pulp-3)

The development of the bleached, chemi-thermomechanica pulping (BCTMP) process began
when alarge pulp and paper company, M-Real, recognised the need to increase the capacity of
its mechanica pulp production and to improve the cost efficiency of its processes. |deas
within the company were collected and the project was later combined with the product god
of producing alighter weight paper that could be used in product groups previously only using
chemicaly produced pulp. Chemica and equipment companies within the forestry cluster, as
well as universities, participated in the devdopment. Funding for the project largely came
from M-Red, however additiona funding was provided by the Finnish Funding Agency for
Technology and Innovation (Tekes) due to the cooperation of M-Red with severd smadler
companies in the development process. (Kivimaa, 20068) The project was largdly driven
forward by its ability to improve the cost-efficiency of the production process (less resources
in terms of raw materids, water and energy are required than with the traditiond process), to
produce a new beneficid product (lighter weight paper results in lower transportation costs),
and to reduce environmenta impact through energy savings, chemicd reduction and a near
closed waste water loop (Energy & Enviro Finland, 2005; Kivimaa, 2006a).

4.3 The Building Sector

4.3.1 Overview

While not specificdly unique to the Nordic countries, the building sector nonetheless plays a
sgnificant role in the Nordic nationa economies. The building and congtruction industry
employs a substantiad number of individuds and represents a notable portion of nationd
GNP. Table 4-1 provides an overview of national building and construction industry statistics
in the Nordic countries.
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Finland Sweden Norway Denmark Iceland
GNP (total) (mill Euro) | 139700 312 340 190 091 156 590 8952
Construction sector 19 240 20400 19275 8084 656
B& C/GNP 138 6.6 10.1 5.2 7.3
Companies (total) 225 847 842 000 429910 297 706 8184
Companies (B&C) 29 588 57 000 39191 27224 656
Companies, 13.2 6.7 9.1 9.1 8
B& C/Companies,
total
No. of employees (total) | 2 372 000 4272000 2 055000 2 692 000 156 700
No. of employees (B&C) | 148 000* 235000 136 697 173000 12 200
No. of employeses, 6.2 55 6.6 6.4 7.8
B& C/No. of
employess, total

*|n addition, the number of employees in the construction products industry is 70 000.
GNP = gross national product
B& C = Building and construction sector

Table 4-1 Nordic Building and Construction Industry Statistics, 2002 (Ingvaldsen, Lakka et al., 2004)

4.3.2 Sector Characteristics
Sector Classifications

The building industry does not receive a classfication according to the OECD system of
manufacturing industries, however, it is generdly consdered to be a low technology sector,
with relatively low levels of expenditures on innovetion activities (Reichstein, Sdter e d.,
2005). Smilar to the pulp and paper industry, the building sector is consdered to be a
traditiond industry and has been described as being rather conservative in naure (Rozite,
2006b). Despite this categorisation, however, as in the case of the pulp and paper industry
there is increasing incorporaion of technologicdly-advanced eements into the building
process. The building industry can be consdered as a pat of the retall and construction
cluster that exists within the nationa economy (Uusikyld, Vdovirta et d., 2003). This clugter,
as identified by Tekes, conssts of the red estate industry, the building industry, the building
products industry, and the building services industry (Uusikyld, Vaovirtaet d., 2003). While
the building industry itsdf may have reatively low R&D investments, the building services
sector which feeds the building industry has a reatively higher level of R&D inputs (for
example, in Finland, in 2000, the total annual average R& D investment in the cluster was 0.8%
wheress the building services indusiry's R&D investments represented 3.2% of turnover)
(Uusikyld, Vdovirta et d., 2003). Unlike the forest cluster, however, the construction and red
edtae cluster has not generdly been considered by the actors themsalves to be a business
ecosystem where cooperation is beneficid to dl parties (Uuskylg Vaovirtaet d., 2003). In a
sense, while the cluster exists in principle, its members have not necessarily established mutua
relationships.

Conversdly to the mobile phone and pulp and paper sector, the building industry is often
consdered to be a project-based industry (Gann and Sdter, 2000). In such an industry, firms
are set up around projects and are involved in the provison of complex services and products
for ther clients (Blindenbach-Driessen and van den Ende, 2006). The project-based nature of
the industry requires that firms practice ther technicd competencies in association with those
of other firms with whom they are cooperaing on a given project. It has been argued that
these types of project-based operations require a set of skills and resources that differ from
those that exist in more stable, or fixed, industries (Gann and Sdter, 2000). In recent years, a
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number of studies have been undertaken to examine the impacts of the project-based nature
of an industry on operaiona and innovation activities (Gann and Sdter, 2000; Bresnen,
Goussevskaia et d., 2005; Blindenbach-Driessen and van den Ende, 2006). Typicd issues
which have been identified include lack of a common meeting ground for exchange of idess,
loss of knowledge between projects due to changes of actors, and fragmented networks.

Actors & Interactions

The building industry is a ggnificant employer in the Nordic countries, as can be seen from
Table 4-1. The building sector involves a wide range of actors who play arole in the overal
congtruction process. A generd overview of the organisation and interactions of these actors
is provided in Figure 4-5.
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Figure 4-5 Building Sector Actor Network (Adapted from Rozite, 20064)

The building developer represents the actor in the project with the financid resources.
Consequently, they execute the mgor economic decisions and issue the primary demands
regarding the building’s construction. The building developer’s role can be filled by a number
of parties including individuds, private companies, industries, government agencies, or
construction companies. In some cases the building isintended for private use. In others, the
intention isto rent out or to sdl the building for revenues. Investors providing capitd to the
building developer can potentidly be actors cgpable of providing additiond demands
regarding the building's characterigtics. (Rozite, 2006a)

The physicd design of the building is done by engineers and architects. Both actors can
influence the environmentd performance of abuilding significantly depending on the designs,
materids, and systems selected. Once the specifications have been established, congtruction
of the structure is typicdly assigned to a construction company which is charged with
recruiting the necessary subcontractors and purchasing the necessary materids and system
components (e.g. heating, ventilation, and ar conditioning sysems — HVAC, or automation
systems). Purchases may be made directly from material and component suppliers, or through
retallers. It has been indicated that retalers can have a significant influence on the types of
materiads sold due to ther sdling power and ability to offer discounts, credit insurance, and
other smilar benefits to congtruction companies. In some cases, actors take on combined
rolesin the building process. For example, the construction company may aso supply design
and engineering services or may serve as a project developer. (Rozite, 2006b; Rozite, 2006a)

Within Sweden, as mentioned above, there are currently three mgor players in the building
congtruction arena, who display smilar prominence in the congtruction industries of other
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Nordic countries. These large contractors are dso active as building developers and it has
been noted that there seems to be an increasing trend in al Nordic countries that the
contractor and the developer are part of the same company or trust (Ingvadsen, Lakka et d.,
2004). A smilar domination of the building market by afew large firms has dso been noted
in Denmark, Norway and Finland (Ingvadsen, Lakka et d., 2004; Virtud Finland, 2004;
Kristiansen, Emmitt et d., 2005; Rozite, 2006a). While these large actors hold a significant
portion of the building market share, however, there ill remains a number of smdl and
medium-sized companies which compete with the mgor firms at the loca and regiond levels
(NCC, 2006).

In terms of building materia producers, in most cases in Sweden, afew producers of a given
materid lay cdam to 80-100% of the market (Ingvadsen, Lakka et d., 2004). This
concentration of suppliersisindicated in Table 4-2.

Building Material Concentration
Cement 1 has 95%
Aggregate (stone & gravel) 4 have 80%
Ready-made concrete 5 have 80%
Asphalt 2 have 80%
Stedl for reinforcement 1 has 80%
Prefabricated concrete elements 2 have 60%
Lightweight 1 has 100%
Concrete pipes 3 have 100%
Plastic pipes 1 has 50%
Gypsum boards 3 have 100%
Mineral wool 2 have 90%
Floor materials 2 have 60%
Windows 2 have 70%
Doors 1 has 50%
Kitchen and wardrobes 4 have 80%
Bath tubs 2 have 100%
Sanitary equipment of porcelain 3 have 90%
Stainless stedl sinks 2 have 80%

Table 4-2 Canatratian in the Buildng Mateia Supply Indudry - Saaden (Ingvadsen, Lakka et d.,
2004)

Furthermore, it has been noted tha in certan areas within Sveden, including aggregates,
prefabricated concrete elements, asphdt, ready made concrete and concrete pipes that many
producers are, in turn, owned by the large contracting firms (Ingvadsen, Lakka et d., 2004).
Smilarly, within Denmark, some of the largest contractors have purchased ingdlation firms,
building materid firms and other trade firms, increasing their own size and moving towards
control of alarger portion of the value chain (Kristiansen, Emmitt et al., 2005). A general shift
towards verticd integration within the construction sector is being observed (Rozite, 2006b).
Within both Swveden and Denmark, the congtruction sector has faced criticism regarding lack
of competition (Ingvaldsen, Lakkaet al., 2004; Kristiansen, Emmitt et al., 2005).

In the area of building service installation firms (typically subcontractors), who are responsible
for the supply and ingtdlation of heating, ventilation, water supply and drainage units, the
market ismore varied. It is characterised in Sweden, and generally throughout the industry, by
a few large and many smdl firms (Ingvadsen, Lakka et d., 2004; Reichstein, Ster et d.,
2005). The renovation and home repair business is, likewise, dominated by many smadl firms
(Brown, Southworth et d., 2005). Conversdly to the pulp and paper industry, lack of barrier
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to entry in the construction sector has been cited as an issue in regards to performance and
innovation (Reichstein, Salter et a., 2005).

As can be observed from the previous discussion, the number of actors involved in a given
building project is quite large. The finished product is the result of a significant amount of
decison making and acceptance from various parties, where the actions of one party
ultimately affect the actions of the next (eg. where better insulation is placed, a better
ventilation system is needed). As such, the production of a more energy efficient building is
the result of complex and combined efforts from a series of actors. Not only must the
building owner be willing to finance the more energy efficient building, but the building and
its systems must be properly designed by the architects and engineers and the necessary people
with the correct skills must be avalable to complete the congtruction. Furthermore, as
construction projects are often heavily focused on time to completion, the necessary materids
must be available when needed (Rozite, 20068, Fabiano, 2007). To summarise the words of
one project planner in regards to the ingalation of new solar lighting, ‘the cussomer must be
willing to pay the premium for the new technology, the construction team must be able to
ingal the new lighting, and the project schedule must be flexible enough on the developer’s
end to dlow for additiond time that may be required to procure the right components
(Fabiano, 2007).

In contrast with the mobile phone and pulp and paper sector, the building industry has
historicaly been characterised by a high level of segmentation amongst its actors. Building
material suppliers are often not involved in the design or building process and the design
phase is often separated from the construction phase. As such, lessons learned in one system
area often do not get passed on to another. Smilarly, lessons learned by using (i.e. from find
occupants and maintenance staff) often are not reflected back to the beginning of the building
chain. (Reichstein, Sdter et d., 2005; Rozite, 2006a) Additionally, from literature and empirical
materids, the impression exists that there is, in many cases, a certain divison between various
actors in the building chan, where some actors (for example, suppliers of mechanicd
equipment) do not see themsaves as a part of the building industry. 1ssues in supply chan
management have been noted throughout the industry and customer-supplier relaionships
have been characterised as being of an ams length-type rather than partnership due to the
‘temporary multiple organisation’ of the projects.

Within the building chain, actors come from a variety of educationa backgrounds. While
some are educated at the post secondary level (e.g. architects and engineers), others have more
applied training. As such, individuds involved in the chain may have differing frames of
reference and may be familiar with different forms of learning and have varied levels of
experience with formd education (Rozite, 2006b). It has been mentioned that, due, in part, to
its “unglamorous’ image, recruitment of students and highly skilled actors in the building and
congruction fidd may be difficult (European Monitoring Centre on Change, 2005).
Furthermore, it has been noted that university and research institute linkages are weak in many
cases, outside of those that typicdly exist with the largest firms (Brochner, 2006; Rozite,
2006b).

The knowledge encompassed in a building project is both tacit and codified, with a large
amount of knowledge gained during the actua building process. It has been suggested that
tacit knowledge may be particularly important in the building sector (Gann and Sdter, 2000).
This feature of tacit-based knowledge combined with the project-based nature of the industry
has been noted as a potentia source of weskness in the innoveation process. New knowledge
that is ganed during a building project as a result of various interactions and learning
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processes may be difficult to capture and/ or trander to future projects. Different
constellations of actors may work together on different projects, resulting in difficulties in
collecting experiences. Furthermore, as the actors involved come from a variety of
backgrounds, their experiences may be largely restrained to their particular sector of
speciaisation. (Rozite, 2006a)

Markets & Innovation Trends

The focus of congruction firms is often a locd market or regiond market and, to some
degree, particularly anongst large firms, thereis anationa orientation (Reichstein, Salter et a.,
2005; Rozite, 2006b). While there is growing internationdisation within the construction
indugtry, international markets generdly play a more limited role in the sector (Reichstein,
Salter et d., 2005).

The building sector is subject to cyclicd periods of growth and recession that are often
perceved to be more consderable than in other sectors. Periods of upswings and
downswings lasting gpoproximately 5-6 years result in periods of high demand characterised by
economic growth and the need for sgnificant employees and resources and periods of low
demand characterised by decreased income, layoffs and downsizing (Rozite, 2006a). The
market fluctuations in the congruction sector have been sad to induce a sort of “hyper-
flexibility” in the sector, whereby little investment is made in competency building and risky
development activities. As aresult of these factors, and others, the building sector has largely
been criticised for having poor innovation performance. In particular, it has been noted tha
in many cases, even when new, performance enhancing technologies exist, these are often not
incorporated into building projects.

The market structure of the construction industry has frequently been noted to be abarrier to
the adoption of energy efficiency measures. In many cases, there is a discrepancy between the
actor funding the construction or renovation activities and the user of the building responsible
for paying operationd costs (e.g. where a building is constructed by a developer and then sold
to another party for end use, or where a building is owned by a landlord, but utilities are paid
by the tenant). In such an event, there may be little incentive for the financier to implement
energy efficiency measures (OECD, 2003). Even in cases where commercial owners will be
the occupier of the building themsdves, problems have been noted where the department
involved in the procurement of new facilities is different from that responsble for
maintenance operations and the two departments operate on separate budgets (Linturo, 2007).

Furthermore, it has been indicated by various members of the building and construction
industry that the demand side represents a significant chdlenge for the implementation of
energy efficiency measures. Demands in the sector are often manstream, requesting
standardised products. As such, the incentive for innovation is reduced. Furthermore, low
capital cost is often one of the most important specification parameters for new buildings,
drawing focus away from potentidly new, energy-saving options, and may limit the incentive
of materid and equipment suppliers to invest in innovation activities. In regards to the find
building owner, there is often a lack of awareness, interest or ability to caculate energy
efficiency savings and to make decisions based on life cycle cogs. (Kiss, 2007) As such, the
role of the consumer in the innovation process within the building industry has been
questioned and innovation within the sector has been characterised as supplier dominated
(Reichgtein, Hter et d., 2005; Rozite, 2006a). I1n some cases, where buildings are procured by
organisations familiar with the building process, the opportunity may exist to make informed
decisons based on life cycle costing or smilar methods (Fabiano, 2007). However, in many
cases (e.g. in residential housing), the end user and purchaser may not be an experienced buyer
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(most people buy homes only a few times over the course of a life time) and/ or may not be
fully aware of their needs (Naaranojaa and Udenb, 2007). As aresult, they may not be in a
position to know exactly what building options are available to them, to distinguish between
different options, or to express their needs. Furthermore, different consumer structures can
play adifference in the feasibility of innovations. For example, in Finland, many single family
homes are built individudly. This can potentialy make the process of implementing certain
measures (e.g. centralised automation systems) more difficult than in a Stuation where a
number of homes are built by a single contractor, providing the economy of scae advantage
(Kiss, 2007).

To further compound matters, within the building sector, there are often a number of features
which are competing for market interest. These include things such as location, design,
specific features (e.g. regarding accessibility), and price. As such, energy efficiency concerns
may not be a high priority when sdecting a building. Additiondly, it has been stated that in
some cases, afluent consumers may not even be concerned with financiad savings resulting
from increased energy savings. (Rozite, 2006a; Kiss, 2007)

Often innovations in the building sector are incrementa in nature, make use of previoudy
existing ideas or are process or design-related. The result is that innovation patents in the
industry are often difficult to acquire, which can potentidly act to dissuade a company from
developing new products and concepts due to an inability to capitadise on the innovation.
Additionaly, difficulties in monitoring patents in such a fragmented industry can serve as a
potential barrier to the innovation process. (Rozite, 2006b)

In recent years there has been sgnificant atention put on the increasing inefficiency in the
building sector. The industry in Swveden, for example, has experienced arising cost index that
is notably higher than the nationd average (Fritzon, 2007). Partidly in response to this, there
has been a trend toward indudtridisation of the building process and modularisation of
building components by a number of major actorsin recent years (Fritzon, 2007).

While much focus is often put on the congtruction of new energy efficiency buildings, the
existing building stock also represents an important component of the built environment. Itis
often sad that the most frequent opportunities for the incorporation of energy efficiency
innovations occur during the initid construction phase. However, new buildings typicdly
congtitute only 2-3% of the existing building stock in any year (Brown, Southworth et d.,
2005). The share of renovation congruction has been growing for a number of years
throughout dl of the Nordic countries, and is expected to continue to grow in light of
deterioration and functiona obsolescence of older buildings (Confederation of Finnish
Construction Industries, 2002; Ingvaldsen, Lakkaet al., 2004).

Palicies

Similar to the pulp and paper industry, the nature of the building industry has historicaly
made it to be the focus of locd and nationd regulation, as opposed to internaiond policy.
The building industry in the Nordic region is heavily regulated by a number of policies
including building codes, fire codes, zoning and planning legidation, and public housing
regulations which dictate things such as rent control.

Attention to environmentd issues in the building industry has increased in recent years and
these issues have been explicitly addressed via a number of policy instruments. The building
code has often been cited as one of the most significant components in influencing energy
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efficiency improvements in the building sector (Rozite, 2006b; Fabiano, 2007; Workshop,
2007a). Approximatdy 95% of buildings are constructed according to the building code
specifications (Rozite, 2006a). The first concerns regarding energy efficiency appeared in the
nationd Swedish building code in 1960 (Byggnadsstyresens anvisingar till byggnadstadgan,
BABS 1960) with component specific U-vaues and requirements for double pane windows.
The energy efficiency demands of the code were significantly strengthened following the oil
crigsin 1977 and severd efforts to further tighten the demands of the code have been made
since (Smeds, 2004). Smilarly in Denmark, the energy efficiency demands of the code have
been progressvely tightened over the last severd decades. A new code with heightened
energy efficiency reguirements entered into effect in 2006 and further tightening of the
regulations is anticipated for 2010 and for 2015 (Rockwool, 2007). The Finnish building code
has likewise incorporated energy efficiency considerations into its design. In some ingtances,
the building code has been criticised for restricting innovation possbilities and for flaws or
weaknesses in its efforts to mandate energy efficiency measures (Smeds, 2004; Rozite, 2006a).
Regardless of these criticisms, however, based on interviews and reviewed materialsthereis an
aoparent agreement among a number of stakeholders that the building code is an important
tool in the building industry. Additiondly, the literature has shown that in some cases
administrative instruments, such as building regulations and performance standards, have been
key factors in promoting innovation in the building industry (Dewick and Miozzo, 2002;
Vermeulen and Hovens, 2006).

While the building codes discussed above are mandatory in nature, some countries, including
Switzerland and Austria, have introduced dternative voluntary standards which sipulate a
higher performance with respect to the energy efficiency of buildings (the Minergie® and
Passvhaus standards, respectively). In Augdtria, for example, these voluntary standards have
been coupled with severad socio-political factors to make the country the leader in passive
houses# per capita worldwide (Treberspurg and Smutny, 2006).

In 2003, the EU Directive on the Energy Performance of Buildings (EPBD) (2002/ 91/ EC)
entered into force, reinforcing the effort to incorporae energy efficiency into building
requirements. This framework directive, which necessitated incorporation of its content into
the nationd legidation of Member Sates by January 2006, requires that a common
methodology for cdculating the energy performance of buildings be applied throughout the
EU, that minimum standards for the energy efficiency be applied to both new buildings and to
mgor refurbishments of existing large buildings, tha boilers and ar conditioning systems
above minimum sizes be regularly inspected, and that a certification system be developed for
buildings tha will make the energy consumption levels much more readily gpparent to dl
parties (European Commisson, 20033). Countries have begun undertaking the
implementation of the Directive to varying degrees. Snce 1997, prior to the Directive,
Denmark has had a labdling scheme in place for both large and smdl buildingss. Three
reviews of these schemes (two for the labelling of large buildings and one for smal buildings)
have been caried out. In both cases (smdl and large buildings), issues associated with
awareness of the scheme by relevant parties have been noted. In the case of the large buildings

14 A passive house is a super insulated building tha is capable of maintaining a comfortable indoor climate without active
heeting or cooling systems. Necessary aspects include a super insulated building envelope, an airtight building envelope,
passve solar use, and highly efficient heat recovery from exhaust ar. A passive house is not a defined congtruction
method or building style, but is rather a building standard, which stipulates a hegting load of less than 10 W/ m2 per net
residential area (Treberspurg and Smutny, 2006).

15 Under the Danish Orde an Enargy L abdlingetc in Buildings alarge building is defined as a building having a size greater than
1500 m2.  Smdl buildings are those having less than 1500 m2, used for residence, by public ingtitutions or for private
service and trade. Buildings used for production and buildings with very low energy consumption are excluded (Lausten,
2003).
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it was found tha a greater degree of buildings registered in the scheme had implemented
energy and waer saving initiatives compared with those not taking part. This same
phenomenon was not observed in the case of smal buildings, though it was noted tha
improvements undertaken in labelled (small) buildings had larger saving potentid then those
undertaken in non-labelled (small) buildings (which tended to be of a more aesthetic scope).
(Laustsen, 2003) Alteraionsto the existing Danish labelling schemes are being made in order
to fulfill the Directive's requirements and to address issues that were noted with the origind
schemes.

In addition to the building code and the energy performance directive, a number of other
policy instruments have been used to help effectuate positive changes in the area of energy
efficiency in buildings. In Swveden, Denmark and Finland these measures have included
labdling of gppliances and windows, energy saving information programmes, mandatory
individua metering schemes for energy consumption, advice programmes, energy related
taxes, and investment and subsidy schemess. A number of evauations have been performed
regarding various policy ingruments amed a promoting energy efficiency, though these
evauations often focus on effectiveness and efficiency of the adopted measures, rather than
ther innovation fostering effects. Saverd studies, which have focused on the innovation
aspect of such energy efficiency policies have put forward the argument that existing policies
have had very moderate effects on innovation in the congtruction industry, typicdly resulting
in incrementa innovations in existing products and diffuson of existing technology (Kemp,
1997; Beerepoot, 2007).

4.3.3 The Cases

The case studies presented in this section have been sdlected, researched and anaysed by the
project partner, the Internationd Ingtitute for Industrid Environmentad Economics a Lund
University in Sveden. The case descriptions presented below are synthesised from the work
conducted by the I1IEE team. In some instances, materid collected by the partner has been
supplemented with additional primary and secondary data.

The case sudies reviewed for the building sector are 1) an energy efficient foundation system;
2) a heating, cooling, and ventilation system; and 3) a building automation system. Energy
efficiency in the building industry has received consderable attention in recent years. It has
been estimated that the building sector accounts for 40% of the EU’s energy requirements
(European Commission, 2007a). Energy efficiency improvements in buildings can be achieved
through a number of means including entire design concept changes (e.g. passive houses) as
well as changes to materids, equipment, systems, and building envelopes. The first two cases
reviewed involve the agpplication of a new gpproach to fundamenta building technologies
(foundation systems and HVAC). The third case involves the integration of advanced
building services technology into the building process. The building services sector represents
aunique part of the building cluster that typically has higher levels R& D and technol ogy-based
activities than other cluster members, making it an interesting point of focus in addition to the
two structural innovations.

16 See Appendix A for alist of some of the energy-related policy instruments affecting the building, mobile phone and pulp
and paper sectors.
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Enerqy Efficient Foundation System (Building-1)

The product under review here is an energy efficient foundation system tha has been
developed by a Danish company, based upon a smilar system existing within Sveden. The
system is based on the idea of the prefabrication of a complete foundation syssem having
built-in insulation properties and involves the integration of both the structura and building
insulation regquirements as a complete solution. (Emtairah, 2007) The product was developed
by the company out of a combined desre to retan autonomy by using self-developed
products (rather than sdlling products “owned” by others) and to create a product that could
potentially fulfil demands originating from the introduction of new Danish building
regulations in 2006 which placed a significant focus on therma bridges and foundations
(Rozite, 2006b).

The product was primarily developed using internd resources and co-operation with in-house
actors, partly due to the company’sinternd policy to be sdf-reliant. Cooperation between the
company and research ingitutions is generdly sad to be limited, however cooperation with
universities for product testing services and for the development of an energy cdculation
programme has been undertaken. (Rozite, 2006b)

The company has chosen to legitimise the products through certifications and standards and
to market the product through building retallers (Emtairah, 2007). While this sdlling method
does not alow the company to sdl directly to the contractors, it has been indicated that it
assigts them in avoiding a potentid “lock-out” stuation with retalers, whereby they may
exclude a product from their portfolio if by-passed in the selling process (Rozite, 2006b). The
company atempts to reech developers through media and advertisng and the product is
promoted as having a number of positive features, such as being light-weight, saving time, and
living up to the new insulation criteria of the Danish building regulations (Emtarah, 2007).
Barriers expressed by the company with regards to innovation developments are conflicts with
other building regulations, such as the fire code, limitations in market openings for new
products, and lack of concern for energy efficiency amongst the industry and consumers. The
developed product currently sells well on the market. (Rozite, 2006b)

Termodeck (Building-2)

Termodeck represents a unique hegting, cooling and ventilation system tha uses the high
therma mass of structurd hollow core concrete dabs to warm or cool incoming ar in a
building. The supply of ar, controlled by the building management system, passes dowly
through the hollow cores, dlowing passve heat exchange between the air and concrete dabs.
Quccess of the innovation requires early integration of the product in the building design and,
hence, requires interactions with other actors in the building industry to effectuate the
necessary design changes (Tarmac, 2006).

The Termodeck concept was developed in the 1970s by two researchers, one of them the
CEO of aventilation company and the other aresearcher at the Royal Institute of Technology
(KTH) in Stockholm, Sweden. The invention was essentially related to two knowledge areas —
materids (concrete) and ventilation — and was concerned with how to use the temperature
retention cgpacity of cement. (Emtairah, 2007) The idea was presented to a Swedish company,
where it was taken in and developed over the course of severd years to the commercialisation
stage. The company has stated that cooperaion with universties has worked well for them
and tha it has been important that they have been able to return to the research ingtitutes to
jointly develop product improvements. (Rozite, 2006b)
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Drivers for the commercialisation of the product include the il crisis, the weak functioning of
existing HVAC systems and the low investment costs (Workshop, 2007c). The product
provides energy saving potentid while smultaneoudly reducing capitd costs associated with
building ventilation requirements. For marketing, the product was offered with a 5-year
climae and energy guarantee. Furthermore, the company made use of complementary
measurement tools and demonstration of energy saving potentid to atract clients. (Emtairah,
2007) Barriers to the product’s commercidisation include resistance from consultants and
ventilation experts, since the product was sold as a system and it was fet by some actors to
intrude on ther “territory” (Rozite, 2006b). The product received considerable interest in the
1980s but experienced set-backs during the building crisis in the 1990s. Wesk interest in
energy savings have contributed to low interest despite significant increases in office building
congruction a the end of the 1990s. (Workshop, 2007¢) Overdl, the company behind the
concept has made limited commercidisation of the product in the Nordic market and
internationally, having installed it in over 200 building projects since its inception at the end of
the 1970s (Emtairah, 2007).

COBA (Building-3)

COBA (connected open building automation) is a Finnish effort undertaken by companiesin
the congruction, building automation, telecommunications and information technology areas
to develop an open software architecture for a building operating system. It is based on the
idea of offering a common interface for dl facility management systems (hesting, cooling,
ventilation, lighting consumption metering, darms, etc.). (COBA Group, nd.) Applicaions
and services can access and control the building's functiondity, alowing for increased security
and comfort and reduced costs and energy consumption throughout the building’s life cycle.
Figure 4-6 offers a simplistic example of the COBA system in practice.

“In an dfiee buldng Mephoue thee ae sagd sparae sdars
HVAC-autaretion sders faglity aces antrd, sawrity @angas
burdar darm sarg firedam ggem dc Eadh o thee are qparatad
and maintained by different companies or peer groups. One company — the
usr d the fadlity — wishes to redue ads d the maintenane 0 they
indal a COBA s to thefadlity. N o dangs to the b dars are
required. Now meintgane anpaniess @n aces the sdas amn
remady, and themaintenance an bearried aut by any apabde anpany
an themarkd.”

(COBA Press Release)

Figure 4-6 The COBA System (COBA Group, 2001)

The idea for the system originaed from an individuad with a background in the
microcomputers industry, who recognised the similarity between computer operating systems
and building automation systems and whose interest in the building industry was sparked
during the construction of his own home (Linturo, 2007).

In 2000, the project COBA was initiated in participation with 15 companies, bringing in
expertise from awide range of areas. Funding for the project came from high tech investors,
interested companies who each pad a fee to learn the technology and to be involved if the
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project was successful and from Tekes, as part of the Building Services Technology (CUBE)
programme (Linturo, 2007).

The project is related to two unique research programmes organised by Tekes. Between 1995
and 1999, Tekes ran the Smart and Modular Building Automation (SaVIBA) programme. The
officid am of the programme was to “bring together the building services industry, building
owners and end-users to develop new intdligent interoperable field devices as well the
necessary new services for their utilisation” (Uusikylg, Vaovirta et d., 2003). The programme
used a fixed technology standard (participants were to use LonWorks™, LonTdk™ and
LonMark™) and R&D subsidies and loans were provided through the programme to help
companies with the generation of products for lon-based building automation systems. Tekes
primary motivation for initiating the programme was a desire to integrate the subsectors of the
building servicesindustry (e.g. automation, heating and airconditioning, electricity), who, at the
time, did not see themselves as part of the same sector. 1t was hoped that integration efforts
could help to provide better service to users and to spur the growth of the building
automation industry in Finland. The Finnish Associaion of Building Owners and
Congruction Clients (RAKLI) adso had substantial involvement in the preparation of the
progranme. Ther motivation was largely to address the market lock-in Stuation existing in
the building automation industryr’. The creetion of an open standards would facilitate the
entry of new SMEs into the market and the development of interoperable building systems
that could meet customer needs. Issues surrounding the interoperability of devices were
noted during the SAMBA programme and a need for a common definition of openness was
seen within the Building Services Technology programme (CUBE) that followed SAVIBA
(2002-2006). (Hyvéttinen, 2006) The COBA development has been funded under this
subsequent programme.

The first large scde implementation of COBA was done a the headquarters of Senate
Properties, a government owned enterprise responsible for managing, developing and letting
the property assets of the Finnish state. The system has been in operation since 2002 (COBA
Group, nd.). Two companies have atempted to commercidise COBA-based products. The
first company has been involved in software development for COBA. The second company
provided the control modules that interface with various sub-systems. The firsg company
managed to commercidise approximately 100 systems before going out of business due to
financid reasons. (Emtairah, 2007) The second company has been more successful and the
system has been commercidised and has been ingtaled anywhere from dozens to hundreds
(smdl scde) of systems in Scandinavian, Eastern Europe and the United Arab Emirates
(UAE), with the greatest success having been seen in the UAE. The system has been mainly
implemented in commercid buildings and there has been a limited market for the technology
due to costs and logistics (Linturo, 2007).

17 At the time, the automation market consisted of systems with closed, propriety interfaces. This meant that the supplier of
the system was essentially the only party capable of maintenance and supply of new parts for the system.

18 Here, an open standard/ system refers to a system where the components of different vendors can be combined because
the interface used isavailable to all providers.

66



Innovation in Environmental Technology — The Role of Palicy in Promoting Environmental Innovation

5 Analysis & Discussion

In this chapter, the specific issues and policies surrounding the devel opment of environmental
innovations within the innovation system of each sector are discussed.  In Section 5.1, the
collected materids are andysed based upon the proposed framework in Section 1.3.3.
Conditions and issues surrounding the innovation process are analysed with respect to the
innovation preconditions, based upon the data collected regarding the innovation dynamics of
the studied sectors and from the case studies. This is done in an effort to identify factors
affecting, ading and hindering the innovation process, including environmentd innovations,
in each sector. Policies which played arole in the innovation process are discussed in regards
to sector characterigtics and to the literature findings. In Section 5.2, potentid directions for
policy based on the andyss are put forward. Sector specific and generd measures are
highlighted.

5.1 The Sectors

It has been recognised from the literature, that innovation characterigtics vary across sectors
and that successful system changes require a variety of different policy instruments that are
customised to the specific needs of various sectors and industries (Guy, 2002; Mderba, 2005).
This section examines how the various sectors studied in this thesis operae in regards to the
necessary preconditions of innovation — access to knowledge, access to resources and
formation of markets — and to policy interventions, based on the sector dynamics and case
studies, in order to shed further light onto the environmental innovation process.

5.1.1 Knowledge
Access to Knowledge and Frame of Reference

A sector’s ability to generate and transfer knowledge can play a significant role in affecting its
innovation capacity. The mobile phone sector is an industry focused on codified knowledge,
whose business is substantidly dependent on the ability to acquire information and to engage
in the continuous development of new products in the sector. Accompanying this
“knowledge-intensive” indugtry is a familiarity with the R&D process and a strong network
with university and research indtitutes that facilitates knowledge transfer from the academic to
the commercia arena. Key actorsin the field often share asimilar frame of referencein terms
of educationa background, which can facilitate transfer of knowledge and idess throughout
the system.

The pulp and paper sector, while classified as a low technology sector in the manufacturing
fidld according to the OECD cdlassifications, finds itsdlf in an interesting postion due to its
placement in the strategic forest cluster that exists within the Nordic countries. Sophisticated
technology suppliers existing within the forest cluster have been shown to play a key role in
innovation in the pulp and paper sector and past studies have put forward evidence that the
industry has a high ability to use knowledge that is externd to the firm (Autio, Dietrichs et d.,
1997). The sector, by association, is privy to close ties with the research, university and
forestry-related communities that have historicaly facilitated knowledge transfer and made the
industry within the Nordic countries traditiondly more R&D-oriented than its North
American competitors (Kivimaa, Kautto et d., 2006). Actors within the pulp and paper
industry often share acommon frame of reference with respect to education, with a particular
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focus on engineering (Kivimaa, 2007b; Laurila, 2007). Like the mobile phone sector, this
common frame of reference can help to facilitate communication and knowledge transfer
amongst actors. The case studies from within the pulp and paper sector have reinforced the
ability of the industry to participate in and be privy to knowledge-rdaed activities through
links within the cluster.

Conversely, the building sector has been a point of interest for environmental researchers over
the past years due to the gpparent inability of energy efficiency innovations to diffuse
throughout the industry. Arguments have been made that the knowledge to perform energy
improvements in buildings exists (Fabiano, 2007; Fritzon, 2007; Workshop, 2007a) and the
case studies have demondraed that the cgpacity to innovate is, a least in some instances,
present in the industry. However, numerous barriers affecting the capture and transfer of this
knowledge have been identified within the sector. These include “broken learning loops”
which exist as a result of the project-based nature of the industry and which mean that
knowledge or experiences gained during one project are not transferred to the next, as well as
segmentation and trust issues tha exist between various actors. This segmentation has
explicitly been cited as a barrier to commercialisation in & least one of the building cases
(Building-2) and represents a potentially significant obstacle in the innovation process.

Furthermore, the actors in the building process are often from very different backgrounds,
which may serve to aggravate this segmentation and act as a further barrier to communication,
interaction and the formation of networks. This variation in frame of reference among actors
may potentidly contribute to the difficulties of actors within the building cluster to recognise
and interact with one another. Within the building industry, the networks between academia
and the industry have traditiondly been known as being rather weak, which can impede the
transfer of knowledge and the commercialisation of new ideas. Two of the case studies have
involved limited interaction with the academic research community, as aresult of the nature of
the projects and, in one case, company attitude (Building-1, Building-3). This being sad,
however, there are instances, where companies have successfully established close ties with
research ingtitutes that have facilitated the innovation process (Building-2). In this case, the
product idea originated from work that was conducted by two individuals, one of whom was a
university researcher, which could perhgps have facilitated the academia-industry interactions.
Past work, conducted regarding the Svedish construction industry, has shown that firms that
lack employees with a research degree are unlikely to collaborate with universities and research
institutes (Brochner, 2006). Consequently, programmes to enhance the interaction and
involvement between academia and industry, perhgps through employment and industrid
research opportunities, could be a useful tool to support innovation in the industry.

The ability to generate and to transfer knowledge is an important component of the
innovation process. While some sectors may have developed a certain degree of proficiency in
these areas, others may be considered to suffer from weeknesses in this field, as has been
demonstrated in the reviewed sectors. |dentification of these weaknesses can help to alow
appropriate measures to be taken to strengthen the necessary innovation base in the sector.
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Knowledge Protection

Differences in the usage and agpplicability of intellectud property rights and paenting have
come across in the three sectors under review. In the case of the mobile phone industry,
paents play a significant role in the innovation process, serving as a means amongst actors to
collect roydty payments. The decision regarding patent shares in a standard, such as in the
case of the development of the 4G network (Mobile-2), can play a role in influencing the
direction of development of an idea depending on the interests of various parties (Remmen,
20078). In the pulp and paper industry, intellectud property rights have been noted to have
played an important role in technologicd regime shifts throughout the evolution of the pulp
and paper industry and have been used in all of the case studies reviewed herein (Pulp-1, Pulp-
2, Pulp-3) (Toivanen, 2004). Conversely, in the building sector, the difficulty in patenting new
ideas has frequently arisen as a disincentive towards innovation in the industry (Rozite, 2006b).
In some cases, in lieu of atempting to obtain a patent, companies have chosen to rely on the
complexity of technology and first mover advantage to capitdise on new innovations (Rozite,
2006b). The ability of a sector to protect its ideas and the manner in which it makes use of
property rights can potentially affect its propendty to innovate. Consequently, these
differences in patenting opportunities and usages may present chdlenges in the innovation
process that vary between sectors and that influence the types and nature of interventions best
suited to an innovation case.

Actor Network

The actor network in the various industries can play asignificant role in how knowledge flows
within an industry. Throughout the past severd decades dl three sectors have shown an
increasing trend towards centrdisation. The pulp and paper, mobile phone and building
sectors are dl now dominated by severd large actors who control a significant portion of the
market and who have the opportunity to take a lead in regards to environmenta matters.
However, while the pulp and paper sector typicadly maintans a more verticaly integrated
structure, the mobile phone and building sectors have a high degree of fragmentation
throughout the industry. The pulp and paper industry has established tight, turn-key
relaionships with industry suppliers and industry products are largely based on single
materids rather than on multiple input components. This verticd integration may serve to
facilitate the networking and the innovation process, dlowing for essier collaboration among
actors, in addition to providing different opportunitiesin a policy setting. (For example, in the
past, operating permit agreements have been set within the industry on a case by case basis).

In the case of the mobile phone and building industries, there are multiple actors who play a
role in the vadue chan providing materias and/ or services for the finad end product. These
pats originate from a variety of sources and in order to achieve the complex finished
products, the mobile phone and building industries rely on standards and specifications to
communicate requirements across a broad range of actors. Companies in the vadue chan
often buy the process or product for its function, not its composition. Furthermore, the
products must operate within a framework that is established in conjunction with other actors.
(For example, in the mobile phone industry, products must operate on a network that is
established and agreed upon by severd rdevant actors. In the building industry, designs can
be condraned by framework settings, such as didtrict hegting systems).  As such, clear,
unambiguous directions (eg. for example through standards) may be better suited to
facilitating changes across the industry in particular innovation cases.
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The role of SMEs in a sector’s actor network may aso represent an interesting point of
discussion with regards to knowledge generation activities in the innovation process. On one
hand, innovation policy stresses the importance of SMES in the innovation system for reasons
including: their use as an externd resource of new technologies for large firms, ther role in
maintaining locally based innovative activities within a country; and their ability to develop and
exploit high technologies more easily than large, established companies (OECD, 2005b). On
the other hand, however, SVIEs ae often consdered to be a wesk point from an
environmenta perspective, experiencing difficulties in complying with legidation due to
limitations such as lack of time, personne, experience and financid resources (Ecotec
Research & Consulting, 2000). Particularly in more traditiond, low technology industries,
SMEs are sad to have limited resources to invest in new technologies, R&D activities or
higher risk endeavours and/ or are often lacking capacities to absorb new innovations (Sexton,
Barrett et d., 2006). In the building industry, in particular, lack of barrier to entry to new
firms has previoudy been cited as an issue in the industry. This high proliferaion rae of
small, less sophisticated companies may represent an area of concern with regards to the
innovation process — including environmentd innovations if a large number of actors in the
industry do not have the capacity or mentaity to undertake innovative activities that could
feed innovation within the sector. Specid innovation programmes targeting SVIEs therefore
may be particularly important in a sector of this nature.

Knowledge Sources

The case sudies from the three sectors have demonstrated the diversity of knowledge sources
from which an innovation can originate, including individuds, companies and academia, as
well as the differing motives for these innovations. In three of the case studies (Mobile-1,
Pulp-1, Buildings-1), the idea for the innovation was encouraged by the existence and/ or
anticipation of specific environmentd regulation, indicating that in some cases environmenta
policy can create ingpire knowledge generation. In other cases, however, innovation efforts
have emerged in the absence of direct policy “pull” and have been inspired by perceived need,
desire for improved process efficiency and/ or new products, reinforcing the idea that
innovation is often the product of a complex series of interactions. In a number of cases,
knowledge that is required for the redisation of the innovaion has semmed from basic
research and through research programmes (Building-2, Pulp-1, Pulp-2, Mobile-1, Mobile-2),
supporting the notion that funding and assstance in these areas are important eements in
aiding the innovation process.

It is interesting to note that the more radicd innovations in the pulp and paper and the
building sector (Pulp-1, Building-3) have originated from individuds outsde of the man
industrid sector in question, who were able to relate experiences from one sector to another
frame of reference. Additionally, another case (Building-2) brought together two distinct pools
of knowledge — materids and ventilation — to arrive a a unique energy efficiency innovation.
It has frequently been stated that innoveations for sustainability require a multidisciplinary
goproach tha makes use of knowledge and activities across a wide range of sectors. The
experiences from the case studies reinforce this idea and illustrate some of the benefits that
can arise from the combination of different perspectives and knowledge pools.

The case studies have further demonstrated that the full development of an idea often requires
collaboration between a variety of organisations which possess the relevant knowledge. In
amogt dl of the cases reviewed, redisation of the innovation was done through a combined
effort of both academia and industry and required the input of a number of partiesin order to
be successfully developed. Even in the case of Building-1, where relationships with academic
ingitutes were considered by the company to be distant, hep from universties has been
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sought out in order to legitimise products through certification and to develop an energy
cdculaion programme for the company’s product. In severd cases, the networking process
between actors (both inter-industry and industry-academia) has been encouraged through
public funding opportunities (e.g. Buildings-3, Pulp-1, Pulp-2, Mobile-1). Consequently, the
importance of strong networks in the innovation process between and amongst industry and
academia has been reinforced through the case studies.

5.1.2 Resources
Industry Resources

The resources within an industry and the attitude towards these resources and the vadue of
R&D activities can shape the potentid for innovation. The mobile phone industry is a high
technology sector which is dependent on continud innovation for market growth. The
industry spends relatively high amounts on R&D (upwards of 10%) which is indicative of the
importance of innovetion in the sector that has been stressed throughout literature and
discussions with sector actors.

The pulp and paper industry has low R&D expenditures and is consdered to be relatively
conservative, with many innovations being of an incrementd naure. Despite this, however,
the industry is located within a cluster with a relaively high level of innovation activity. For
example, typical R& D investments of pulp and paper equipment manufacturers range up to 4-
6% of sdeswith fixed amounts being dedicated to development projects with high risk and to
basic research (Autio, Dietrichs et d., 1997). The pulp and paper indudtry, in a sensg, is a
consumer of a number of high tech innovations originating within the cluster and has shown a
cgpacity to work within the cluster and to absorb and integrate these innovations into its
operations (Pulp-1, Pulp-2). While R&D expenditures of the pulp and paper companies
themselves have been consdered to be vaiable and reatively low, the sector has dso
demonstrated its “internd” cgpacity to innovate where perceived necessary (Pulp-3). The
Nordic pulp and paper industry has a long history of supplying goods to the nationa and
internationd markets, however it is facing increasing pressure as of late due to growing
competition with other industries worldwide and with other materias. This competition may
help contribute to the industry’s interest in the innovation process (Kivimaa, Kautto et d.,
2006) and hence to itsintegration into the forest cluster.

Despite its postion within the reatively innovative forest cluster setting, however, the pulp
and paper sector remains a cgpitd intensive industry, whose operations are based on high
priced and long-life equipment. Changes to existing equipment and processes require
sgnificant investment. This Situation has frequently been cited as an innovation barrier for al
capita intensive indudgtries, contributing to the risk-averse nature of the industry (Toivanen,
2007). In some cases, where risk is high or payoff uncertain, support in the form of financia
assistance and/ or regulatory signas may be necessary to overcome the initid investment
hurdles faced by the industry (Pulp-1, Pulp-2).

Similarly to the pulp and paper industry, the building industry is characterised by relatively low
levels of R&D, but is Stuated within a cluster where other actors undertake relatively higher
R&D investments (particularly in the case of the building services sector). Conversdy to the
pulp and paper sector, however, the building sector has not established the same relaionships
with its cluster members. This week relationship may potentidly contribute to the difficulties
in introducing new innovations (such as those experienced in the case studies) into the
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building process. Additionally, within the building cluster, focus has frequently been on lowest
cost (Rozite, 2006b). Conseguently, in combination with the difficulties in obtaining patents,
usage of internal resources for R& D by sector actors such as building materials and equipment
suppliers may not gppear justified. Furthermore, the building industry has been noted to be
subject to severe economic cycles of recessons and booms (Rozite, 20068). These upswings
and downswings can potentially have an effect on the industry’s access to financia and human
resources, acting as a barrier to investment in research activities.

The building sector, like the pulp and paper industry, is traditionally considered to be relatively
conservetive in nature. A building represents a significant capitd investment and building
guarantees are relaively short, typicdly lagting for two years (Rozite, 20068). The risk of an
unsuccessful building atempt because of the use of new components and techniques can be
highly discouraging from the perspective of both the builder and the buyer. One of the
marketing techniques used within the building case studies to help overcome this and to
facilitate commercialisation of the product was a prolonged energy performance guarantee
(Building-2). Furthermore, it could be suggested that there is a rather high “knowledge-
capital” investment in the current building processes. The dteration of the building process
requires significant changes from the point of view of the developers, as wel as of the
architects, engineers, contractors and subcontractors involved in the actua building process
(Fritzon, 2007). As such, while not bound to the same ingalation capitd lock-in as the pulp
and paper industry, the building sector may face a knowledge capita lock-in that dissuades it
from undertaking significant change. Like the pulp and paper industry, additiond efforts in
the form of policy interventions may be needed to help overcome this “lock-in” effect.

The availability of and atitude towards industry resources and the perception of the vaue of
innovation can affect the propensty of the industry to innovate. Comprehension of these
issues can help to provide a better picture of the direction and nature of interventions best
suited to the sector’s needs.

Human Resources

The ability of a sector to atract and maintain competent personnd is a key criterion in its
ability to innovate. The mobile phone sector has atracted highly skilled human resources to
the field who are able to help drive the innovation process forward. A number of education
and research programmes are directed towards the dectronics and telecommunications
industry, helping to atract new individuds into the field and, historicdly, significant efforts
have been made to ensure the existence of a highly skilled staff-base in the Nordic countries
through programmes designed to advance educetion levels in the sector (Blomsirom and
Kokko, 2003). Smilarly, the pulp and paper sector in the Nordic countries has made efforts
over the years to engage in educationd programmes and to attract highly-skilled individuds
into the fidd (Blomstrém and Kokko, 2002; Molkentin-Matilanen, 2007). Currently, a
significant number of pulp and paper engineers are educated in the Nordic region and past
efforts have been taken through employment programmes to ensure that the industry retains a
competent personnd base (by supporting skilled staff and graduates during economic down
cycles) (Blomstrom and Kokko, 2002; Molkentin-Matilainen, 2007). While a detaled study of
education and human resources in the industries has not been completed and continuous
efforts are important in dl areas to provide a strong personnd base, in generd, human
resource issues have not aisen in the materiads reviewed for these sectors as a mgor
innovation barrier.

Conversdly, however, it has been suggested that the building sector has maintained a certain
reputation over the years that may not lend itsdf to the atraction of skilled personne
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(European Monitoring Centre on Change, 2005; Rozite, 2006b). While the case studies have
demongtrated that there are anumber of innovative and skilled individuas in the industry, the
overdl picture has indicated that there is room for improvement in this field, perhaps through
increased efforts to atract individuas to pursue higher education and research in the sector.
Past studies have shown that the presence of academics within the building industry can help
to facilitate industry-academia interactions (Brochner, 2006). Consequently, efforts to renew
the industry’s image and to strengthen the knowledge level of the human resources base may
aso serve to improve industry-academia networks. The human resource issue in the sector is
further compounded by the cyclicd losses of industry personnd during times of recessons
(Rozite, 2006b). The loss of skilled industry personnel and researchers during down cycles can
result in the discontinuation of research efforts (which must often be pursued on along-time
scde to achieve commercidisable results) and the loss of tacit knowledge embodied in these
individuals. Within the building industry, efforts to help maintain a strong human resources
base, such as those made in the pulp and paper sector, may be hepful to strengthen the
sector’sinnovation cagpabilities.

Public Funding

Public funding is a frequently used tool in the innovation portfolio and has played arole in
amost all of the studied innovation cases.

In the cases studies reviewed for the mobile phone industry, public and university funding
have played a role in the innovation developments (Mobile-1, Mobile-2). In the first case,
public funding has been received in collaboration with industry participation. In the second,
university funding has constituted the primary source of project funding in the absence of
industry partners.

In the case of the two bioenergy related innovations, public funding and research programmes
have played an important role in the evolution of the technology from research infancy to
commercialisation. In the case of Pulp-2, the innovation was developed and taken further
towards commerciaisation over the course of two consecutive research projects with the
support of the public funding agencies Mistra and the Swedish Energy Agency and in
collaboration with other industry actors. The principle contractor of the programmes has
stipulated the importance of trying to get dl actors, including the technology users, involved
from an early phase in the development process and the networks formed during the initid
stages of the project and the continuity of the research programmes have been credited with
hel ping with the technology’s development (STFI, 2005). In the case of Pulp-1, public funding
has played a key role in keeping the technology dive as it changed ownership numerous times
and experienced severd difficulties (Kivimaa, Kautto et d., 2006). Laer on, a research
programme has been undertaken with the aim of assisting with the technology’s devel opment
process. The programme has been noted as playing arole in helping to overcome the “catch-
22> which often arises with a new technology, whereby it is difficult to find investors prior to
demondration that the technology is working on a large-scale (MISTRA, 2006). This
continuity and correct timing of support may be particularly important in a capitd-intensive
industry, such as the pulp and paper sector, whereby changes to existing processes entall
sgnificant investments. In the third pulp and paper case (Pulp-3), while a large portion of
development resources came from within the company itsdf, some public funding was
provided for the project by Tekes, due in part to the cooperation of the large company with
several smaller companies (Kivimaa, Kautto et al., 2006).
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In the building sector, the development of one innovation (Building-3) was related to a series
of unique research programmes initiated by Tekes. The programmes represented an effort to
integrate the building automation cluster in order to assst customers by bringing different
building automation services to one place, to bresk the technology lock-in stuation
experienced within the building services industry due to propriety systems, and to improve the
performance of the building services sector (Hyvétinen, 2006; Tekes, 2006). These
progranmes have atempted to orient the building services industry towards customer
demand by cdling for integration of these actors (building owners and contractors) in the
devdopment process. In an industry frequently described as being characterised by
segmentation between actors, and where the contractor and/ or developer can have a
significant role in shaping the building process, this coordination effort could be considered as
highly important. According to actors involved, the programmes have been credited with
helping to facilitate technology development in the area of automation systems, helping to
achieve system integration, and helping to initiate a bregk in the market lock-in experienced in
the building services industry (Hyvéitinen, 2006). There has, however, been some discussion
regarding the success of the progranmes in terms of assstance with product
commerciaisation. Comments from participants in the first programme have, in some cases,
expressed the idea that following the end of the programme, the developed products were left
without sufficient supporting markets (Hyvétinen, 2006). In the subsequent research
programme efforts towards the development of the COBA system were undertaken and
successful technology development was realised. Smilarly to the case of the first programme,
however, difficulties in achieving commercid success within the Nordic market were
observed. In the case of Building-1, the innovating company chose not to seek out funding
assistance during the development of the project, due to an internd policy that development
fals within the responsbility of the company itsdf. While one case cannot be used to draw a
sector-wide generdisation, this may potentidly reflect on the traditiond mentdity of the
sector, the wesk links with research ingtitutions and/ or alack of familiarity with the research
and funding process.

The sector cases have confirmed the idea that public funding can play an important role in the
innovation process. In particular, the cases have reinforced the notion that the significance of
public funding is not just in the amounts spent, but on how the funding is supplied and
organised. Collaboration with a network of actors, including research communities and end
users, is highly important to help establish reaionships to facilitate the technology
development and to help secure a market for the technology. Public funding opportunities
can facilitate these interactions (Mobile-1, Pulp-1, Pulp-2, Pulp-3, Building-3). Theintegration
of SMEsinto the innovation process through cooperative funding (Pulp-3), particularly in the
low technology sectors, can serve as an important tool in integrating these operations into the
innovation system. Additiondly, the timing and the duration of funding can be vitd in
helping a new technology (particularly one that is capitdly intensive and requires large-scale
demonstration) to overcome theinitial investment reluctance that exists before atechnology is
proven.

74



Innovation in Environmental Technology — The Role of Palicy in Promoting Environmental Innovation

Other funding

While public and industry funding can be important resources for technology development,
the case studies reviewed have demonstrated the relevance and importance of other sources of
funding for the innovation process. In particular, in the pulp and paper cases (Pulp-1, Pulp-
2), resources to assst with the commercialisation of the product have been obtained through
dternate means such as the pre-sdling of technology licenses (in order to avoid giving up
ownership of the technology) and venture capitd funding. Access to private funding can be
highly important in facilitating the commercialisation of a new technology but the attraction of
funding (both public and private) for an innovation project can be a complex and challenging
task (Kivimaa, Kautto et d., 2006). In addition to providing financing through public funds,
the assistance of public agencies in helping to seek out and negotiate funding (particularly for
industries who are less familiar with the process or who may traditiondly have alower profile
in investment terms) may potentialy serve an important role in the innovation process as has
been shown in the pulp and paper sector case. Thismay be particularly relevant in the case of
SMEs, who have less familiarity with the funding process and may be particularly significant in
industries such as buildings, where alarge number of SMESs operate.

5.1.3 Markets
Customer vs. Supplier-Led Innovation

The sector maerids and case studies have shown that the role that the customer and
consumer® play in the innovation process and the entities which fulfil this role of innovator
and customer have the potential to shape the way that a sector engages in innovation.

In the case of the mobile phone and pulp and paper industries, the companies, in a sensg,
operae in a business to business environment where their products are principdly sold to
another commercid actor. In the building industry, the picture is not dways as clear, with
contractors operaing on behdf of awide range of clients. However, in many cases, asmilar
business to business phenomenon (e.g. construction of buildings to property management and
rental firms) iswitnessed. In addition, depending on the type of innovation occurring, the role
of customer can be fulfilled by differing parties.

In the case of the mobile phone industry, the customer role is often viewed to be filled by the
network operators, who are by far the brandholders largest customer. Their demands have
been noted to influence the direction of movement of the industry, exerting a significant pull
on its progress (Dirckinck-Holmfeld, 2007; Dirckinck-Holmfeld, Andersen et d., 2007,
Snghd, 2007). As such, while some of the brandholders marketing strategies for the mobile
phones centre on consumer preferences, they must aso incorporae the wants of the
operators into their decision-making processes. Currently, there appears to be atrend towards
the demand for increased data transmission within the industry, which is coupled with an
increase in energy demand of the phones. In the cases examined as part of this work, the
innovations did not pertan to the mobile phone itsdf, as a product, but rather to the
accessories (eg. chargers) and networks related to the product. In the case of the charger
(Mobile-1), the mobile industry can serve to fulfil the role of customer, procuring the devices

19 In this work, the term customer and consumer will be used as two distinct terms.  Customer will be used to refer
principally to the purchaser of agood or service for further refinement or sale. Consumer will be used to refer to the final,
individual consumer of the product (e.g. the individual who purchases the cell phone of home for final use).
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from industry suppliers (i.e. having a modular relationship with the charger manufacturers)
and supplying them, in turn, to their cussomers. In this case, the mobile phone industry and
operaors have the potentid to influence the direction of innovation being reaised. In the
second case concerning network development (Mobile-2), the picture becomes more
complicated, as the direction tha the system will take is dependent on agreements and
interactions between a number of actors. Nonetheless, in this case the operators dso play a
sgnificant role, representing the customer base for the network providers and having the
potential to shapeindustry developments through their demands (L undberg, 2007).

Within the pulp and paper industry, the product users represent a sgnificant power group in
regards to product innovations® (and process innovations which dter products) within the
sector. In some cases, the customers of the pulp and paper industry have been identified as a
driving force for the adoption of environmenta innovations (e.g. chlorine-free bleaching)
(Kivimaa, Kautto et d., 2006). In the case of Pulp-3, the pulp and paper industry itself was
the effectuator of the innovation and one driving force for the development was their desire
to create a new product that responded to customer wishes. In other cases, however, it has
been suggested that conservative cussomers can dso hinder the innovation process within the
industry. An example of this is where a given company wants to provide the same product to
their customers over decades as part of tradition and/ or image (Laurila, 2007; Toivanen,
2007). A new process which produces a new product may not be readily accepted by
customers. Additiondly, while changes to the pulp and paper process require significant
capita investments for the industry, the production of new products can dso require changes
in capitd infrastructure of the customer (Workshop, 2007b). For example, where a new type
of paper based packaging is offered to replace an existing plastic one to a food industry,
changes to the packaging equipment may be required. In these cases, incorporation of
customers into the innovation process and customer targeted measures can potentidly play a
rolein facilitating product innovation.

In the case of processinnovations which are less drastically linked to product changes (such as
in the cases of Pulp-1 and Pulp-2), adightly different case may present itsdlf. In this case, the
industry may represent the effectuator and/ or the consumer of the innovation (eg. asin the
case of Pulp-1 and Pulp-2, where the innovation originated from a supplier or consultant to
the indugtry, rather than from the industry itself). Within the pulp and paper industry, energy
efficiency and resource maximisation represent core business consderaions and, where
reasonable investments can be made to improve the system performance, some incentive
exigts to undertake them (as demonstrated by Pulp-3). In cases where the investments may
agopear less sure, the industry may be less willing to invest, as has been demongrated in the
biorefinery case studies (Pulp-1, Pulp-2) where the pulp and paper industry proved to be the
mogt difficult actor to convince (Kivimaa, Kautto e d., 2006). In these cases, externa
impetus may be required to help the innovation to succeed.

Within the building sector, the role of the customer and/ or the consumer in the innovation
process often gppears less clear. The developer funding the project represents the actor with
the find decison-making powers (Fabiano, 2007). However, there are severd factors
influencing the developer/ cusomer demands. In many cases, the developer is not the party
who is intended as the find user or “consumer” of the building. The actua “consumer”
chooses from what is available to him/ her on the market (smilarly to the mobile phone
stuation). As such, the developer designs a building as they seefit. In other cases, regardless

20 While the scope of this work is to focus on energy efficiency innovations, product innovations are touched upon here due
to their interrelationship with process innovations, whereby alterations to the industry processes have an ultimate effect on
the end product that is produced.
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of whether the building is developed for own use or not, the client may lack the capabilities to
make environmentd vaue judgements regarding the performance of the building, to know
what is best available technology, or to evaduate life cycle savings. In this casg, it is in the
hands of the project management team to identify possible routes which the client could take.
As such, the client is limited to knowledge put forward by the supplier. The result is an
innovation chan within the building industry that has been characterised as supplier-led. This
may be an important factor as the case sudies and reviewed data have shown that it is often
the professonds, not the customers, who ae stepping back from potentid building
innovations (Rozite, 2006b). The same market knowledge issue can dso be seen with the
renovation industry. Many building owners are not in the position to have the greatest level of
awareness of energy efficiency options during the renovation process. Consequently, the
power fallslargely in the hands of the renovation companies, who tend to be small to medium
sized enterprises. This may present an additiond point of difficulty as SVIEsin this and other
low-tech industries have been noted, as discussed above, to face some bariers in regards to
the innovation process.

Therole of customer, consumer and innovator varies between sectors and from innovation to
innovation and these variances have the potentia to affect how and if the innovation will be
redised. Consequently, a better understanding of these dynamics can help in determining the
most appropriate course of action necessary for a particularly innovation direction.

Nature of the Innovation

In addition to demongtrating that the innovation process within sectors can be influenced to
differing degrees by different actors, the above discusson adso highlights the fact that
variations can occur within each sector depending on the type and nature of innovation in
question. In some instances, the environmentd innovation may represent a “core business”
opportunity for the industry in question (e.g. in the case of Pulp-2 and Pulp-3 where the
innovation alows the efficiency of mill to be improved in addition to representing an
environmental benefit). 1n these cases, industries may have a certain degree of natural impetus
to pursue or facilitate innovations in these areas. In other cases, however, the environmentd
innovation may not represent a core business concern. For example, in the cases of the
building sector, Mobile-1, and Pulp-1, the industry itself may not aways benefit (at least in a
core-business sense) from the innovations. Consequently, different methods may be required
to stimulate interest in innovation in these aress.

The case of Mobile-2 raises another interesting point in thisarea. While this innovation makes
sense from both a product performance and core business perspective for the operators
(energy costs are variable), the technology has not yet succeeded in atracting partners for the
commercidisation, with potentid barriers being cited as conservativeness on the part of the
operators, the lack of an adequate payment structure for cooperative networks, and the need
for compromise by dl of the key playersin the industry on how the 4G network will proceed.
As such, even when an innovation appears to make sense economicaly and environmentally
resistance to change and the varied interests of actors, in the absence of guidance, can slow the
process.

Low-Cost Barriers, Cost Discrepancies and Market Seering

Particular market-related issues have dso been noted to have the potentid to affect the
innovation process. In dl three of the sectors, cost of the innovations has come up as a
barrier to their adoption. While redisations are growing that a focus on high-qudity and
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innovative products may be an important strategy, in both the pulp and paper and the building
industry, focus on lowest price has continued to be the dominating market factor (Rozite,
2006b; Working Group of the Finnish Forest Industry, 2006). Smilarly, in the case of the
mobile phone industry and the charger, lowest cost has been identified as the principle factor
in determining the success, or lack thereof, of innovation (Workshop, 2007€). This focus on
lowest cost represents a barrier to the innovation process in generd, including environmentad
innovations.

In the case of energy efficiency innovations, the issue of cost discrepancy has presented itsdlf
in both the mobile phone sector and the building sector. In terms of the mobile phone itsdlf,
there is an ongoing concern for energy efficiency from a core business perspective (Moussette,
2007). The phone battery must last an acceptable amount of time to the user and overhegating
must not occur. Smilarly, in the case of network equipment, there is a need to improve
energy efficiency from a core business perspective, as energy is a vaiable operating cost
(Snghd, 2007). However, in terms of peripherd devices, such as chargers, there is a
discrepancy issue. The brandholder must invest in the better performing charger, while the
user benefits from the lower energy costs. However, because the savings realised by the
consumer are so low in relative terms, there is not necessarily an incentive for the consumer to
want this charger or to pay extrafor it (Remmen, 2007b). In the case of the building industry,
the savings realised from energy efficiency investments are to the benefit of the end user,
while the developer puts forward the initid investment. If the market interest in investing in
more energy efficient homes is low, as suggested by the reviewed materids, the developer has
limited interest in pursuing this strategy.

Market distortions have been noted in both the mobile phone and building sectors, with
regards to the ability of large actors in the industry to gan market control through
subsidisation of the capitd costs of aproduct or syssem. In the case of the building sector, in
terms of building control systems, the large turn-key suppliers are often able to undercut the
cepital cost of ther sysem by recuperating revenues through monopoly mantenance
contracts over the life of the system (Linturo, 2007). Smilarly, in the mobile phone industry,
the operators can subsidise the cost of the phones, dlowing them to steer the market towards
the purchase of specific products (Dirckinck-Holmfeld, Andersen et d., 2007). This market-
deering gStuation represents a potentid impediment to the commercidisation of new
technologies. This fact was recognised by Tekes in ther SAMBA programme, described
above, in an atempt to bresk the market-domination stuation present within the building
services and automation industry.

I dentification of specific market barriers which present themselves amongst sectors may be an

important tool in choosing the gppropriate interventions for a given sector and innovation
path.
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Consumer Damand, Public Perceptions and Sensitisation

In dl sectors, the leve of environmentd awareness and/ or demand of consumers has been
cited as a barrier to the environmentd innovation process. In the mobile phone sector, the
awareness of environmentd impacts and the demand for environmenta products is perceived
to be limited (Jensen, Sarensen et d., 2003; Snghd, 2005b). In the pulp and paper sector, the
genera level of awareness of production and product impacts is has been mentioned to be low
(Working Group of the Finnish Forest Industry, 2006; Laurila, 2007). In the building sector,
lack of customer demand for better buildings has been cited as a market barrier and partly
atributed to lack of knowledge regarding the options for and the impacts of the built
environment (Rozite, 2006b; Fritzon, 2007). Consequently, there gppears to be an ongoing
need for efforts to stimulate the demand for green innovation. This being sad, however, the
ability to do this, and the role that the consumer will play, can vary between sectors and
innovations. For example, the choice between a high-efficiency and low-efficiency mobile
phone charger may appear to be a rdatively sraightforward decison for a consumer,
assuming that they are aware and concerned. Conversdly, however, system changes such as
the decison of a mill to engage in biorefinery practices is less relevant in regards to the issue
of consumer demand.

Different levels of public awareness, perceptions, and regulation have historicdly played arole
within the various sectors. The pulp and paper industry has frequently found itsdlf in the
public eye with regards to environmenta issues (due in part to the significant locad impacts of
its past activities), and the industry has been reatively heavily regulated in regards to
environmenta issues (Toivanen, 2007). Conversdy, in the mobile phone industry, public
awareness regarding environmentd impacts has been measured to be reaively low. Many
production and disposd actions are carried out in distant locations from the consumer (with
regards to the Nordic and other developed countries). The focus of environmenta regulation
on the sector has been rdatively recent. Smilarly, in the building industry, public perception
of environmentd issues (or a least though associated with energy consumption) has come
across to be low. While energy performance stipulations concerning buildings are present, for
example, in the building code, the sector has only as of late begun to be subject to explicit
environmenta regulation consderations on a large scde.  Speculatively, from the vantage
point of the author, these variations may potentiadly affect the level of senstisation of an
industry to environmentd innovation considerations and serve as potentia guiding factor for
decisions within industry.

Environmental Innovations and the Market Precondition

In regards to the market precondition for environmenta innovetion, the case studies have
demonstrated two things: 1) that markets for innovation are the result of a combination of
factors, and 2) that an added eement of regulatory pull in the traditiona technology push,
market pull model of innovation can be important in some cases.

In the cases of Pulp-1 and Building-1, a direct driver for the innovation has been new
regulation that has provided a clear market for the technology. In the ingance of Pulp-1, the
anticipation of more stringent regulation in the vehicles sector has further increased investor
interest in the technology and renewable fuel tax signals have provided an additiona economic
driver. In the case of Pulp-2, the innovation has been driven forward by its ability to increase
the cgpacity of the pulp mill a ardatively low investment cost and has been further advanced
by increasing oil prices and the biofuels directive (due to the biomass gasification potentia). In
the case of Mobile-1, new technology has been developed as a result of anticipation of new
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regulation. No regulation is yet in place however, and the new technology not yet succeeded in
being commercialised.

In the cases of Pulp-3, Building-2, and Building-3, commercidisation of the technologies have
proceeded in the absence of direct environmenta regulation intervention. In the case of Pulp-
3, market drivers have included needs to improve mill efficiency, energy savings, and the
desire to produce a new product. In the case of Building-2, drivers have included perceived
needs for efficiency improvements, rising oil prices, improved building performance, reduced
capital costs for HVAC equipment, and extended product guarantees. In the case of Building-
3, drivers have included the desire for new products, improved integration of user needs, and
sophigticated building performance. It is interesting to note that while these innovations in
the building sector have been successfully commercidised, however, they have faced some
difficulty in diffusion into the market.

5.1.4 Policies

Different policy interventions have played a role in the case studies and sectors examined
within this work. While it is often difficult to draw causd links between a specific policy and
an outcome, some discussion regarding the interventions is put forward and reflections back
to the theoretical findings are made.

In the case of the cdll phone charger, past improvements from linear to switch mode were the
result of a combination of factors, including increasing government attention to the issue,
demand for improved technical performance, and, largely, markets economics which made it
more cost effective to produce the better chargers. The development of the near zero standby
power chargers has been encouraged, in one case, by market interest (in another eectronic
products sector) and the provision of energy agency funding, and, in the other (Sdcomp
charger), by the need to establish best-available-technology for the impending EuP directive.
The anticipation of incoming regulation, as outlined in the literature, can influence the
innovation process, in this case providing incentive for the creation of new knowledge.
Despite these technologica advancements, however, near zero standby load chargers have yet
to be marketed due to economic considerations and stated lack of demand. The adoption of
better performing chargers by the industry is currently being implemented, though on a much
longer time scde then is technologicdly feasble.  In the area of chargers, the mobile phone
industry has performed relatively wel in response to the voluntary European Code of
Conduct regarding Externd Power Supplies, with a high percentage of its chargers available
on the market today meeting the code (European Commission, 2005). However, there is
criticism that little effort is needed to achieve this performance and that this voluntary
sandard has smply moved players to a “no pan” levd of performance as suggested in
literature, whereas much more is possble by today’s technologicd standards. The same
criticisms have been made of the I PP pilot programme, where many of the suggested actions
to improve the phone's environmentd performance (including the charger) have involved
actions to be taken on the user’s side (such as the implementation of areminder on the phone
screen to unplug the charger when the phone is finished charging). While the nature of the
industry (dominated by severd mgor players) may lend itsdf to the use of voluntary
agreements, these, as anticipated in literature, may provide little incentive for significant
environmental innovation.

The innovaions in the pulp and paper sector have dl benefited from public funding
opportunities. In thefirst two cases (Pulp-1 and Pulp-2), the devel opments were made as part
of ongoing research programmes in the pulp and paper industry. These programmes have
facilitated network collaboration and procurement of funding throughout various stages of the
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innovation process. This has been noted to have been particularly important during the
demondtration phase of the technology due to the capitaly-intensive nature of the industry.
Commercialisation, and, in one case, (Pulp-1) the actud invention of the technology which
had evolved from previous work, was encouraged by policy signals for biofuels. In the case of
Pulp-1, the economic driver of tax reliefs for renewable fuels has aso been sad to have been
adriver for development (Kivimaa, Kautto et d., 2006). The commercialisation process for
this technology has recently received a mgor boost, receiving notable venture capitd support
from two interested parties, of Swedish and American origin. Part of the interest on the
Swedish sde has come from the belief that more stringent regulations regarding heavy engine
emissions will occur in the future (Kivimaa, Kautto et d., 2006). The success of the black
liquor gadification process in Sweden is notable in the fact that its remains one of the few
efforts worldwide that has so closdly approached the brink of commercialisation (Whitty,
2002). In case of Pulp-2, while biofud policy sgnds have acted as a driver on one hand,
conflicting policy signds originating from the green certificates system have been sad to have
acted as abarrier to the technology’s development on the other (Kivimaa, Kautto et al., 2006).
Despite this conflict, however, the technology has, to this point, very closely gpproached the
brink of commercialisation. In these first two cases, innovation and environmental policy have
worked in conjunction to facilitate knowledge generation and transfer, access to resources, and
market formation for the innovations. In the third case (Pulp-3), part of the funding for
technology devel opment has been supplied by the Finnish funding agency, Tekes. No specific
environmental policy interventions have been identified in driving forward the
commercidisation process, however part of the sdling point of the innovation has been the
improved resource and energy efficiency of the process and the lighter weight products which
reduce transportation load. While these changes represent economic benefits for the supplier
and the customer, the growing attention which is being paid to environmental, energy and life-
cyclerelated issues may also contribute to interest in the technology.

In the building sector cases, innovations have been redised with the assstance of
environmenta and innovation policy. Building-3, the automation system, has been developed
as part of aunique research programme designed to bresk market-lock and to better integrate
the building services industry into the building cluster through collaborative development
opportunities. The programme has been credited with helping to make a technologica
breskthrough in the building process, to create a market shift, and to change the atitudes of
vaious actors (a task which may be particularly important in this more conservative,
segmented fidd) (Uuskyld, Vaovirtaet d., 2003). 1n the case of Building-1, development has
been partidly driven forward by new building regulations which put specific emphasis on its
product area. Part of the company’s marketing strategy has been promoting the technology as
being ale to satisfy the new building regulaion requirements and the technology has
experienced successful commercialisation.

For dl of the cases reviewed, in order for new products, materids, and systems to be
integrated into a building, the gppropriate decisions must be made early in the process by the
developer and/ or the contractor. In many cases, due to the complexity of the building
process, it is contractor/ developer rather than the find end user who has the most knowledge
regarding potentia energy efficiency options. The building industry (developer, contractors,
efc.) isin a sense the client of building materid, equipment and service suppliers and is the
supplier to the find building owner and end user. As such, they have the possibility to play a
crucid role in the achievement of environmenta improvements in the industry. It has
frequently been noted in the materids reviewed that demand for energy efficiency
improvements in buildings is lacking for a number of potentid reasons, including lack of
interest, lack of knowledge, cost or competing features. However, where the demand has
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been present, the building industry has shown the ability to acquire and integrate new
technologies into the building process. A potentidly significant issue then gppears to be in
cregting demand a the leve of the developer/ contractor. At the same time, however, these
actors may experience a knowledge capitd lock-in stuation, smilar to that capitd lock-in
experienced by the pulp and paper industry. In this case, changes to the building processes
require a sgnificant amount of investment in terms of new procedures and new knowledge
that must be acquired. Consequently, like their pulp and paper counterparts, the building
industry actors may find themsalves in a more rluctant postion to demand and integrate new
technologies. In these cases, where the developer/ contractor and their consultants may often
be in one of the most significant position to influence building decisions, the potential result is
a sort of “supplier-dominated” innovation process. In this case, supplier targeted measures
may represent one of the most gppropriae courses of action. It is interesting to note,
however, that in terms of energy efficiency, a large number of policy intervention measures
have come in the form of economic instruments and demand side programmes (including the
new building labelling progranme, subgdies, etc). As suggested by a number of actors,
advancing energy efficiency requirements in the building code itsdf and in the form of other
“supply sde” (contractor-oriented) measures may help to achieve the necessary markets for
new technologies created within the materid, equipment and service indudtries, as has been
shown in the case of Building-1. Facilitating the development and commercialisation process
of anew building technology through economic supply side means such as continued funding
through the large scde demondtration phase (as in the pulp and paper industry cases) may
prove to be avaduable tool. However, these innovations must then continue to diffuse across
a wide range of building projects in order to survive, a process which may be difficult to
facilitate without clear, industry wide signals.

The case studies reviewed have provided support for severd of the characteristics of green
innovation friendly policy suggested in literature. The cases have reinforced the notion that
environmenta policy can play an important market forming role but have dso demonstrated
in three cases (Pulp-1, Mobile-1, and Buildings-1) the ability of environmental policy to inspire
knowledge generation activities by providing signds for future market directions. Stringency
and ambition level of new regulations have driven forward innovation in the building sector,
and reduction in market uncertainty has helped to spur innovations in the pulp and paper
industry forward. The importance of instrument timing and providing support for the
gopropriae intervas has been demonstrated in the cases of both the pulp and paper and
building industry. Positive synergies have been seen in the case of the pulp and paper industry
in regards to innovation and environmental policy, supporting the value of supply and demand
side measures in some instances. While economic drivers have assisted in facilitating market
formation in one case, the interventions which have directly encouraged innovation have
largely been of a mandatory administrative nature.

5.2 Policy Directions

The previous section has identified a series of Smilarities and differences between the
examined sectors and has highlighted some of the policy interventions that have played arole
in the innovation processes of the industries. The following section serves to put forth some
preliminary recommendations for potential policy directions, based on the work conducted.

The idea tha innovation policy shapes the inputs of innovation while the regulations shape
the markets has been recognised in the literature (Guy, 2002). Accordingly, the use of the
proposed mode, outlined in Figure 3-1, may provide interesting insight into the identification
of key policy interventions required for the furthering of environmentd innovations within an
industry.  Through a review of an industry’s ability to fulfil the necessary preconditions for
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innovation, decisons regarding strategic policy intervention can be made. The need for
innovation and environmenta policies and combinations thereof can be adjusted according to
the gods and ams of the policy makers. With this in mind, the suggested modd alows for
innovation policy to focus on establishing the gppropriate prerequisites for innovation and
helping to quide the search for environmentdly beneficidly advancements, while
environmenta policy can focus on environmentd protection while operating to establish the
necessary markets for the commercialisation and diffusion of the new technologies.

Some sectors, such as the high-tech mobile phone industry, are highly familiar with the
innovation process and the acquisition and use of knowledge and resources. Innovation
policy supporting the direction of these activities into environmentdly beneficid directions
(eg. better energy performance) may help to guide the search in a favourable direction.
Others sectors however, such as the building industry, have frequently been observed to suffer
from a variety of innovation barriers inherent to the industry’s structure and tradition (for
example, differing frames of references of actors and wesk networking). In these cases,
additional interventions of innovation policy may prove beneficial in facilitating the innovation
process in generd, including environmentd innovations. Regardless of the innovation
cgpacities of the individua industries, however, the precondition of market formation has
presented itself as an issue in dl of the sectors studied. Even where the knowledge and
resources exist, market barriers related to the economics of the environmental innovations, the
inherent risks and uncertainties associated with them, and/ or the lack of consumer demand
have presented themsdves. Consequently, environmentd policy can serve as important tool
in some instances to create the proper market signals.

Mobile Phones

The mobile phone sector has a high familiarity with knowledge generation activities and the
process of transferring basic research to practice. The industry is accustomed to high internd
R&D spending, has a degree of familiarity with externd funding sources, and has a highly
educated workforce in terms of product development. The ability to innovate both in generd
and in an environmentaly forward direction has been demonsraied by the industry.
However, difficulties in commercidising these ideas have been shown to exist both from a
lack of demand and from differences in the interests of various actors. Voluntary agreements
can function well within an industry tha is dominated by so few globa players, however, the
difficulty in pushing the industry above the no pan threshold without additiona reward or
threat has been witnessed with the Code of Conduct. While the PP programme has been
criticised for shifting responsbility to the consumer, use of the supplier to undertake
informational interventions may provide an interesting opportunity. If, for example, messages
regarding environmenta impacts of the phone during disposa were passed through the
brandholder upon sde through labds or notices on the phones this could help increase
awareness of the consumer (particularly since these brands have significant marketing power
and skills).  While this gpproach may not represent the ultimate solution due to various
limitations, facilitating the education and awareness of the end consumer may nonetheless
represent a vauable part of the gpproach to cresting green demand that could inspire
environmental innovations.

It is important to note tha the mobile phone industry operates on a globa scae and within
the larger context of the dectronics sector. Efforts to redise changes may be best made a an
internationd (e.g. EU or a least Nordic level). In some cases, such as network evolution,
decisons must be taken as a result of the compromises of interests of a variety of actors.
Even when decisons appear potentidly beneficid from an economic and environmentd
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perspective, they may not be taken due a conflicting interests and factors. In these cases,
while controlling the direction of the innovation through regulatory measures may be difficullt,
measures targeted a the knowledge and resources side of the innovation process using
innovation policy could potentidly be used to steer Nordic developments into a more
environmentaly favourable direction (for example, more research programmes for energy
efficient options in the industry). This technique could further be extended towards other
aress of product development within the industry. While the industry has demonstrated high
innovation ability, additional emphasis on environmental considerations could be valuable.

In the case of the mobile phone itsef energy efficiency represents a core business
consderation due to operationd requirements (eg. sufficient battery life, usage time, etc.),
which may provide additional incentive to brandholders for energy efficiency improvementsin
tha domain. In the case of accessories, such as the chargers, however, the same incentive
does not goply. In these cases, a clear, externa signd may be required to induce innovation
and diffusion, such as a mandatory standard.

Within the industry, the operators have a significant demand power in terms of both mobile
phones and networks, and there exists the opportunity for a strong demand side pull by these
actors as has been shown in the past. Targeting these actors through policy measures, such as
voluntary agreements to endorse and request environmenta improvements in products, may
represent one way to drive forward green innovations in this field. One suggestion that has
been put forward regarding the issue of the short life-span of the phones (while not directly
relaed to the issue of energy efficiency) is the prevention of subsidisation of the phones
(Dirckinck-Holmfeld, Andersen et d., 2007). The idea behind this is that by forcing the
consumers to recognise the true cost of the device, interest in replacing them so frequently
may be reduced.

Pulp and Paper

The pulp and paper industry in the Nordic countries has experienced significant regulation
over the past decades and the industry has made significant environmenta improvements in
its processes, partidly as a result of these regulations. Sector interest in environmentd
improvements relaed to resource and energy efficiency gppear to be rdatively wel
established, due perhgps to a combination of factors including the long standing public
pressure and regulatory concern regarding pollution, and desires for economicaly beneficid
mill-level improvements. The sector has established a unique innovation network that dlows
it benefit from the knowledge generation activities and networks of its cluster members. The
capita intensive nature of the industry, however, can serve as a barier to the innovation
process, dissuading the industry from investing in new capitd intensive technology. As such,
research programmes which promote networking amongst actors and stress the inclusion of
the technology users themsdlves & an early stage are important in order to secure interest and
to help facilitate the commercialisation process for these innovations.

In light of the capitd-intensive naure of the industry, consideration should be given to the
gopropriae duration of funding programmes that can help to provide the necessary support
where it is often crucidly needed at the demonstration phase (as shown, particularly, in cases
such as the biorefinery developments, where risk appears relatively high). Venture cgpita and
other private funding can play an important role in the innovation process, particularly in such
acgpitd intensive industry and can provide the necessary catdyst for commercidisation. The
establishment of programmes tha can assist companies in obtaining funding during critica
phases such as development and demongtration could serve a vauable role in the innovation
process.
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In the case of product innovations (and process innovations that affect products), the
customer can play a key role through demand side influences. In these cases, policy measures
which target these individuas should be made, including, for example, joint research projects
between the pulp and paper industry and its customers to engage in the development of
environmentaly improved products. Exports represent a significant market for the Nordic
pulp and paper industry. Therefore, smilaly to the mobile phone industry, policy
interventions to realise product change may be best directed at the Nordic or EU level.

Buildings

Within the building sector, human resource issues and difficulty in transferring knowledge
from academia to industry have arisen as potential issues. Efforts to enhance research
opportunitiesin the building field could help to attract new individuals to the sector that could
assist with the transformation of the industry’s image and mentdity. Furthermore, efforts to
help maintain and make use of this research base during the economic down cycles which
have traditiondly been associated with loss of personnel and lack of development, could help
to ensure continued progress within the industry. This technique has been used in the pulp
and paper sector in the past, and the sector has involved into a unique innovation system.
Typicaly, the congtruction market follows the generd economic trend, measured in terms of
GDP, but with atime lag of a least one year. The housing market reacts most quickly to the
cycles, with other building construction being subject to agreater lag (NCC, 2006). Effortsto
achieve stabilisation of the industry’s human resource and research base require the provision
of progranmes prior to the down cycle tha are cgpable of accommodating inflows of
graduates, researchers and skilled individuas during down times, perhaps through a funding
reservation system supported by industry and/ or government. Firms where staff members
have an academic research background have been sad to be more likedy to engage in
collaborative research with universities and ingtitutes (perhaps due to a smilar frame of
reference). Industry-academia programmes such as the Danish Industrid PhD could be
promoted in this field to help create stronger linkages between actors. Collaborative R& D
programmes between industry and academia could adso serve to asss in this area
Segmentation between actors and the lack of recognition of clustering benefits such as those
experienced in the pulp and paper industry represent a potentid barrier to successful
knowledge transfer and innovation generation in the building sector. Research programmes,
such as SAMBA and CUBE, which incorporate a variety of actorsin the value chain, including
end users, could be promoted to help strengthen and foster rlationships within the industry.
Particular efforts could be amed a the incluson of SMEs in the industry as these represent a
potential point of innovation weakness.

As demonstrated by the case studies, the development of product certifications, standards and
cdculation methods and programmes that can be used to help integrate new innovations into
the building process can represent an important tool in helping to facilitate entry of new
technology into the market. Building innovations must be accepted and integrated by a
number of actors in order to be applied. Tools which facilitate this process and which
demondtrate product performance have been shown to be vauable in the commercialisation
of materid and system (ventilation) innovations within the industry. Research and assistance
programmes designed to support innovetors in the development of these integration and
cdculation tools for their products may be vauable tools in facilitating commercialisation of
new idess.

Intellectua property rights and patenting has come up in the building sector as an issue in
regards to the innovation process. Difficulties in obtaning patents for new innovations and
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difficulties in verifying the legitimacy of an innovation due to the recirculation of old ideas in
the industry have come up as barriers to the innovation process. Consequently, consideration
should be given on how to facilitate the climate for innovation within the building industry
with respect to IPR.

A new building project can represent asignificant risk, particularly if it incorporates unfamiliar
elements. Provison of support through funding or funding assistance (i.e. helping to attract
indugtrid or other private investors) programmes, as suggested in the pulp and paper industry,
can provide vauable help in the demongtration phase of a new technology. In the building
industry, however, a successfully demonstrated technology must then be diffused through a
number of other projects to achieve significant market penetration. Conseguently, market-
forming measures may represent an important component to assist with the commercialisation
process.

Various actors in the building industry have agreed that the building code is a vaduable tool,
perhaps partidly due to its ability to provide a sandard to which actors within an otherwise
fragmented industry can relae. The building code could potentidly be used as a means of
improving energy efficiency throughout the sector by mandating better performances and
therefore providing an important market opportunity for new innovations. In order to
encourage and support the market for continued innovation, rather than only diffusion of
existing innovations, gradud tightening of demands could be made through periodic revisons
of the code. Furthermore, the code could be used asthe “floor” for the industry, and industry
players could be motivated to move forward and go beyond the requirements, perhaps
through the establishment of a voluntary code tha becomes mandatory within a certain time
frame. Severd countries which have had a reaively high success rae in energy efficient
buildings have chosen to adopt a voluntary building code. While success has been the result
of the interaction of avariety of factors, avoluntary code may help to facilitate energy efficient
improvements by providing a clear standard to which a building developer can build and
which a client can easily specify. Public procurement of energy efficient buildings could be
used to support this method. While individuds within the industry have questioned the
potential of the energy labelling directive, labelling, benchmarking and publication of data may
help to gradudly raise the level of awareness of consumers, assisting in conjunction with
supply side measures. One recommendation which has been put forward during discussions
(Fritzon, 2007) concerns the possibility of increased standardisation of the building code
across the Nordic countries, in an effort to encourage competition and facilitate transfer of
knowledge and ideas across borders.

In the case of the building automation industry, as in the case of the mobile phone industry,
subsidisation of products has been identified as a potentid issue affecting commercialisation
opportunities.  Prevention of such product subsidisation measures may help with the
dleviation of the market lock-in stuation. Additiondly, in the case study pertaining to the
energy efficient foundation, it has been noted that the retailer has significant power, in a sense,
in terms of the products that it chooses to sdl or to market, smilarly to the phone operators.
If this is the case, the retallers may then present an interesting point of focus for policy
interventions amed a promoting the diffusion of energy efficient and/ or environmentd
materials.

In addition to new congruction, the area regarding building renovations should not be
neglected. A sgnificant portion of buildings in the Nordic countries are legacy buildings and
the share of renovation congruction in the Nordic building sector is continuing to grow.
Renovations face a smilar stuation to the new building case, whereby the contractor often
represents the actor with the grestest knowledge with regards to building options. 1t may be
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difficult for building owners to redise the options available to them, or to sdect the most
gopropriate ones. Additionaly, the renovation industry tends to be dominated by SVIES, who
have been noted to face difficulties in the area of innovation. Efforts to encourage R&D into
renovation-applicable energy efficiency measures, particularly amed a encouraging the
participation of SMEs, could be made in order to facilitate the process. Demand sde
incentives could be provided to encourage home owners to undertake renovations tha
incorporate new and innovative energy efficient measures. Support programmes to assist
companies with the promotion of energy efficiency renovation materias and informationa
campagns could help to disseminate information to the necessary clients about energy
efficient options. (In the case of wind power development in Cdifornia, a somewhat smilar
gpproach to fostering demand side interest was taken, through the provision of awind sting
alas tha provided users with vitd information on windmill siting options. This was credited
with being an important demand side measure in the wind case). Smilarly to the case of new
buildings, the inclusion of renovations into the building code could help to induce suppliers to
align their priorities accordingly by providing them clear market signals.

General

All of the cases reviewed here have served to emphasise the importance of multidisciplinary
gpproaches to solving environmenta problems. In order to redise more radica innovations,
knowledge and experiences from a diversity of fields has been combined, bringing to light new
solutions and new system possibilities. The experiences from one field can bring idess into
another area that may result in new innovations, as has been seen from cases in both the
building and pulp and paper sectors. Additionaly, sectors can learn from one another
absorbing concepts and idess that can improve efficiency and environment. As such, well
directed innovation policies, such as inter-industry research programmes, experience centres,
and researcher and staff mobility programmes, may be beneficid to the development of
environmenta innovations. In the cases of both the pulp and paper sector and the building
sector in particular, it has been observed that research activities and collaborations often occur
within a nationa context. While this may partidly be the result of the traditionaly locaised
nature of the industry, increased cooperation a@ a Nordic level dso represents a unique
opportunity to strengthen the innovation potentid of these sectors. (For example, in one of
the case studies within the building sector, innovation has resulted from the transfer of an idea
from one country to another).

The case studies have dso reinforced the importance of the notion tha the interaction of
policy instruments can play a significant role in regards to innovation. Environmental policies
or policies from other fields can interact in the innovation process, serving as a barrier or a
driver for innovation, as has been noted in the case of the building industry (fire code) and the
pulp and paper industry (green certificates). As such, a holigtic view of the sector and policy
setting isrequired in order to help avoid conflicts and manage the innovation process.

Lack of consumer demand/ avareness has arisen as an issue in dl of the sectors studied.

While influencing demand may be a dow process and may not be highly influentid in dl
innovation cases, it nonethel ess represents an important component of a sustainable strategy.
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6 Conclusions & Recommendations for Further
Research

6.1 Main Findings

Innovation in environmentd technology has been recognised as an important part of helping
the European Union work towards the god of sustainability. The Nordic countries have
been frontrunners in the environmentd field for many years and excellence in environmentad
technology innovation represents a unique opportunity for them to couple economic and
environmental goals.

It has been noted in literature that different sectors organise the innovation process differently
and that policy measures must be talored to the specific needs of sectors and industries in
order to redise changes. The process of environmentd technology innovation has the
possibility to be affected by both environmenta and innovation policy anongst others. This
thesis has examined environmentd innovations in three sectors in the Nordic countries —
mobile phones, pulp and paper, and buildings — to observe how different sectors have
innovated and responded to environmenta and innovation policy instruments, to contribute
to an understanding of how sectord characteristics can affect the environmentd innovation
process, and to help provide a clearer picture of how policy measures can be used to help
foster innovation in environmental technology.

Access to knowledge, access to resources, and formation of markets have been recognised as
important preconditions of the innovation process. Consequently, the sectors and the case
studies have been reviewed with reference to these preconditions in order to identify how
actors in the various sectors fulfil them. The policies which have played a role in the case
studies and the sector characteristics which have been observed to impact the innovation
process have been discussed.

The review of the sectors and cases completed here has confirmed that sectors require
different combinations of policy instruments to facilitate the environmenta innovation
process, dependent on sector characteristics and innovation dynamics, and nature of the
innovation a hand. Where innovations have occurred in dl three sectors, they have done so
for avariety of reasons. 1n one case from each sector, the idea for the innovation has resulted
in response to environmentd policy signas (Mobile-1, Pulp-1, and Building-1). In the other
cases, the innovations have been driven forward by internd and externa market signds —
namely perceived needs for improved efficiency and/ or new products in the industry and
risng energy prices. Consequently, while these cases have shown that environmentd policy
instruments are not crucid for environmentd innovations to occur, they have demonstrated
that these policy signas can provide the necessary stimulus in some instances, as suggested in
the literature.  The mobile phone sector is a high tech sector that has demonstrated a strong
ability in terms of R&D activities. A key activity in this sector may then be to use innovation
policy to help steer innovation in the “correct” direction via funding and other programme
opportunities. The pulp and paper industry is a low-technology sector by definition but has
shown the ability to innovate and to integrate the innovations of its cluster members into its
operations. Nonethdess, it is a capitd intensive industry that has been shown to be rluctant
to invest in unproven technologies. Consequently, support in this area may be important to
overcome the demongtration hurdle. The building sector has shown the ability to generate
new technologies and to bring them to the market. However, a number of issues affecting the
knowledge generation and transfer processes have been noted in the sector, some of which
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have been confirmed in the case studies. These issues can result in low levels of innovation
and/or can impede the entry and diffusion of new technologies in the market. As such efforts
to srengthen knowledge generation and transfer abilities within the building sector may
represent an important tool to foster innovation in generd and, hence, environmentd
innovation, within the industry.

In dl three sector cases, public funding resources have been used to help generae the
necessary knowledge for the innovation to be readlised and/ or to gimulate important
networks. The research progranmes involved in the pulp and paper sector demonstrate the
importance of the timing of support, particularly in the difficult demonstration phase of a
capita intensive technology. The research programmes involved in the building sector
automation case reviewed in this thess demonstrate tha measures amed a overcoming
networking barriers in the sector can play an important role in facilitating the innovation
process. The avalability of and/or atitudes towards internd resources, funding
opportunities, and human resources in a sector can influence the sector’s propensity to
innovate. Consequently, it appears tha atention should be pad to these issues in order to
help establish a sectoral innovation base.

The market precondition has arisen as a point of interest in dl of the sectors. In the case of
the mobile phone industry, market interest in the case technologies has been limited to this
point due to cost issues and conflicting interests. In the pulp and paper industry, the two
energy product innovations have been aided by environmentd policy signds in the direction
of biofuels. In the third case, while no one specific environmenta policy intervention has
been identified as a driver for the successful commercidisation of the technology, the
increasing focus on environmentd and energy issues may well have helped to serve as an
indirect driver for the technology’s commercidisation. In the case of the building sector, one
technology has been partidly inspired by and marketed towards fulfilment of new building
regulations. The other cases have been driven forward by factors including risng energy
prices and desires for new, improved products. These findings indicate that environmental
innovations arise as a result of a combination of factors and tha environmentd policy
interventions can, a least in some instances, play a supporting role in the environmentd
innovation process.

In dl three sectors, the combination of innovation policy, environmentd policy, or a
combination of both, has affected the innovation process. The types of interventions best
suited to facilitate the innovation process appear to vary with the specific characteristics of the
sectors and the nature of the innovation. Where environmenta policy has been noted to have
played an explicit role in the case study innovations, it has largely been of a mandatory,
adminigrative nature. The importance of sending clear sgnds to industry to reduce
uncertainty and facilitate the environmentd innovation process is suggested by the case
studies.

While the sectors reviewed in this thesis represent very different areas and have very different
characterigtics, an interesting point which has been observed by taking a broad picture is the
potential to transfer learning regarding innovation dynamics from one sector to another. For
example, the pulp and paper sector and the building sector, while having very different
characteristics in some respects, dso share some common elements in regards to innovation.
While the building sector has been criticised for remaining somewhat stagnant over the years,
the pulp and paper industry has overcome some of the same bariers as a traditiond “low
technology” industry (for instance, the cyclicd loss of personnd), to develop a unique
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innovation system. Consequently, new insght into the barriers faced in one sector may be
gained through examination of another.

6.2 Recommendations to Policy Makers

SHecting gopropriate policy measures to achieve desred outcomes is a complex task.
Designing policy to foster innovation represents an additional challenge due to the very nature
of innovation — an “unpredictable” process. Based on this work, a potentia methodology for
helping policy makers to evduae potentid courses of action to promote innovation in
environmenta technology is proposed. This method may help to provide a new perspective
into the traditional innovation and environmental -policy making process.

This work has shown that the environmentd innovation process can vary depending on the
sector in question and the nature of the innovation. Consequently, a first step can be to
identify the sector of interest and desired direction of innovation (for example, gregter energy
efficiency in standby power devices).

Environmental innovation is a subset of innovation. In order for environmentd innovation
to occur, a sector must have the necessary capacities to innovate in ageneral sense. Whilethis
capability exigs in dl sectors, the familiarity with and engagement in the innovation process
can vary gregtly between them. For example, while the ICT industry is consdered to be
highly innovative and typicaly spends considerable resources on R&D, the building sector has
been traditionally considered to have relatively low innovation performance and to suffer from
anumber of innovation barriers. The characterigtics of the sector and its innovation dynamics
influence how the sector engages in the innovation process and what type of policy
interventions (both innovation and environmental) may be the most appropriae for it.
Consequently, a next step is to establish an understanding of the sector’s characteristics and
innovation dynamics.

The nature of the dedred innovation affects the type and extent of policy intervention
required. Thiswork hasindicated tha factors such as who the beneficiaries of the innovation
are; what the costs and benefits are to the various parties; whether there are cost discrepancies
or other market distortions, and whether there is a strong cusomer demand can affect the
likelihood of the innovation occurring and the degree and type of policy intervention
necessary. A subsequent step is to try to establish a picture of the nature of the innovation in
relation to the sector characteristics.

Using this picture, a didogue between innovation and environmentd policy makers can ensue
regarding the most appropriate types of interventions for the case a hand. This dud-party
didogue could be beneficid from severa vantage points. If the sector where improvements
are desired suffers from anumber of innovation barriers, efforts on the innovation policy side
to help strengthen these areas could represent an important contribution to the innovation,
processin general. This may be particularly useful where the sector in question isatraditional,
“low technology” industry. While these sectors congtitute a significant part of the economy
and are often associated with considerable environmenta impact, they may not typicdly
receive substantial atention in the innovation policy portfolio (as suggested in the EU PILOT
projectr). Focusng on these aress can hep to smultaneoudy advance the gods of

21 The Policy and Innovation in Low-Tech (PILOT) project (duration December 2002-November 2005) was funded by the
Europesn Commission, as part of the key action “Improving the Socio-Economic Knowledge Base”. Nationa research
teams in the project conducted a series of case studies on non-research intensive, “low-tech” companies in eeven
countries. The project has etablished tha most growth and employment in OECD countries till result from low-tech
and medium-low-tech industries, has found that significant innovation might occur in the absence of any activity that
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environmenta improvement and achieving a knowledge-based society. Furthermore, based
on this didogue gppropriate innovation policy programmes could be designed to encourage
environmenta innovation in the desired direction and be supplemented with the appropriate
environmenta policy interventions to facilitate the innovation through the commercidisation
stage.

6.3 Recommendations for Further Research

Upon commencing this work, it was hoped that a review of sector innovation dynamics and
specific environmenta innovation case studies could provide some insight into the process of
environmenta innovation in generd, as well asinto the role played by sector characteristics in
shaping the environmentd innovation process. While this research has shed some light onto
these issues, further work is required in order to develop a more in-depth understanding of
the environmental innovation process and the role that policy plays. While a multi-sector
perspective has been used here to generate a more comprehensive picture of environmentd
innovation, afurther in-depth review of each sector is required to gain a better understanding
of the sector’s innovation dynamics and to provide additiond insight into issues that were not
captured in this limited work. Ingight into how different sectors have responded to smilar
policy interventions may provide interesting input towards gaining a better understanding of
the role that sector specific characteristics play in the innovation process (though this type of
comparison may limit, in many instances, the range of cross-sector comparisons possible due
to the typica sector-specific gpplication of policy instruments). Additiondly, a more in-depth
inter-country comparison within a sector (for example, the Danish versus Finnish building
industry) could potentidly provide interesting ingight into variaions across a sector and the
effects of specific policy tools on innovation.

could be classified as R&D under commonly used definitions, has substantiated that interrdationships of mature LMT
sectors and young high-tech sectors are of mgor importance for the innovativeness of industry in generd, and has
provided evidence that there is a bias in policy towards science-based innovation and high-tech industries (PILOT, 2007).
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Abbreviations

AAU Aadborg University

BAT Best available technology

BCTMP Bleached chemi-thermomechanical pulping

BLGMF Black liquor gasification for motor fuels

COBA Connected Open Building Automation

CoC European Code of Conduct on Efficiency of External Power Supplies

CTH Chalmers Institute of Technology

CUBE Building Services Technology Programme (Tekes)

DME Dimethyl ether

DTU Danish University of Technology

EFL German electricity feed-in law

ELV European Community Directive on End-of-Life Vehicles

EMS Environmental management system

EMFS Electronics Manufacturing Services

EPA Environmental Protection Agency

EPBD European Commission Directive on the Energy Performance of Buildings

EPI Environmental policy integration

EPR Extended producer responsibility

ETAP Environmental Technologies Action Plan (European)

ETC Energitekniskt Centrum

EU European Union

EuP European Community Directive on Eco-Design of Energy-Using Products

GMCT Green Markets and Cleaner Technologies Project — Leading Nordic Innovation and
Technological Potential for Future Markets

HVAC Heating, ventilation, and air conditioning system

IP Internet protocol

IPP Integrated product policy

IPR Intellectual property rights

IS Innovation system

1SO International Organisation for Standardisation

LTU Luled University of Technology

Mistra Foundation for Strategic Environmental Research (Sweden)

NGO Non-governmental organization

NIP National Insulation Programme (Netherlands)

NTBF New technology based firm

ODM Original design manufacturer

PfE Swedish Programme for Improving Energy Efficiency in Energy-Intensive Industries
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PRO
RoHS

SaMBA
SME
STEM
STFI
TCO
Tekes
UAE
umu
WEEE
ZEV
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Public research organisation

European Community Directive on the Restriction and the Use of Certain Hazardous
Substancesin Electrical and Electronic Equipment

Smart and Modular Building Automation (Tekes)

Small to medium sized enterprise

Swedish Energy Agency

Research Institute of the Swedish Forest Industries

Swedish Confederation for Professional Employees

Finnish Funding Agency for Technology and Innovation

United Arab Emirates

Umed University

European Community Directive on Waste Electrical and Electronic Equipment

Zero emission vehicle
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The following table provides a brief overview of some of the energy-related policies affecting
the three sectors of study at the EU and national levels)

EU Sweden Finland Denmark
Mobile EuP Directive
Code of
Conduct/Energy
Star
PP
Pulp Transport COytax & Energy | COztax & Energy | N/A
Directive for related taxes related taxes
Biofuels
PfE Voluntary N/A
agreements with
industry
Buildings EPBD Building Code Building Code Building Code
Labelling of Labelling of Labelling of
appliances gppliances appliances
Voluntary labelling | Window rating Voluntary labelling
for windows system for windows and
phase-out
agreement with
industry
Mandatory Energy certificates | Mandatory

individual metering
(inforce in 2009)

Energy declaration
of buildings (in
force January 1,
2009)

Local Energy
Advice Programme

Investment
support for energy
saving and
renewable energy
measuresin public
buildings

Technical
procurement

(pending)

Promotion of
wood pellet
heating in
buildings
Procurement
competition for
energy efficiency
detached houses

Programme for
energy
conservationin ail
heated buildings

Voluntary Energy
Conservation
Agreement of
Municipal and

individual metering

Energy labelling of
large buildings

Energy labelling of
small buildings

Subsidies for
conversion to
district heating

Grants for energy
saving investments
in pensioners
dwellings - * Closed
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EU Sweden Finland Denmark

Non-profit 2003
Housing
Properties of
ASRA

Tax reductionfor | Energy aid for

certain energy audits and

environmentally energy efficiency

enhancing

installationsin

single family

houses (1 January

2004)

Help to convert "Energy expert"

from direct electric | education

heating to district
or individual
heating
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