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Abstract

This project assesses the possibilities of construct-
ing amarket for climate-friendly energy technolo-
gies by applying the process of ‘societal embed-
ding of innovations . Theterm refersto an interac-
tive learning process amongst three groups of key
actors: producers, users and societal actors. Their
co-operation shapes the innovation to fit the needs
of the market and contributes to creation of condi-
tions in which the innovation can be adopted.

The project consists of two case studies represent-
ing both promotion of energy saving and renew-
able energy sources: (1) Shaping of the ESCO en-
ergy service concept in the municipal sector and
(2) Increasing the use of wood pellets in sin-
gle-family houses Theresultsof thefirst case dem-
onstrate that the approach of societal embedding
has evidently contributed to the adoption of the
ESCO concept in municipalities. Asan outcome of
interaction between the key actors, a reviewed
model for municipal ESCO activities was pre-
pared. The experiencesin the second case manifest
that, given the relatively early stage of develop-
ment on the market, societal embedding would
have benefited from alonger time period. The use-
ful resultsin this case study include identification
of barriers for diffusion and description of the
needs for further development.

The overall results of the project indicate that a
more profound understanding of the demands

made on the product by its environment has been
achieved. The findings of the case studies also
highlight the need for allocating a sufficient time
span for societal embedding as well as for adjust-
ing the process according to the situation on the
market.

As a conclusion the project indicates that societal
embedding may promote the implementation of
climate-friendly energy technologies in at least
three ways. Firstly, the process mobilises key ac-
tors to co-operation. This generates interactive
learning on the problem and its solving. Market
construction is forged ahead by mutual adaptation
of theinnovation anditsenvironment. Secondly, this
approach offers atool to examine the societal qual-
ity of theinnovation, aquestion related vitally to cli-
mate change. Thirdly, by producing new knowledge
of the needs on the market, this approach supports
the societa actorsin choosing different instruments
to induce the intended transition.

Tiivistelma

Hankkeen tavoitteena on tuottaatietoasiita, miten
kasvihuonekaasuja vahentévien energiateknol ogi-
oiden markkinoita voidaan rakentaa ns. juurrutta-
misen keinoin. Juurruttamisella tarkoitetaan vuo-
rovaikutteista oppimisprosessia, johon osallistuu
teknologian tuottajia, kayttdjia seka yhteiskunnal -
lisia toimijoita. Osapuolten yhteistyolla teknolo-
gista ratkaisua muovataan sopivammaksi mark-
kinoiden tarpeeseen. Hanke on toteutettu kahtena
tapaustutkimuksena.

Ensimmaisessa tapauksessa on tutkittu energian-
séastoinvestointeihin liittyvan ESCO-toiminta-
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mallin juurruttamista kuntasektorille. Juurrutta-
mislahestymistavan voidaan todeta edisténeen
ESCO-konseptin kayttotnottoa. Tapauksen osa-
puolet laativat lisdksi KuntaESCO-toimintamallin
selkeyttdmadan ESCO-hankkeen etenemisen kriit-
tisi& vaiheita.

Toisessa tapauksessa on pyritty juurruttamisen
keinoin tukemaan puupellettien kayttda pientalo-
jentulisijoissaetenkin lisdlammaonl éhteend. Mark-
kinoiden kehitysvaihe oli hankkeen kdynnistyessa
viela varhainen ja kéytettavissa oleva aika téhan
nahden lyhyt. Juurruttaminen tuotti kuitenkin hyo-
dyllisia tuloksia mm. kayttdonoton esteiden tun-
ni stami sessajakehittami starpel den kuvaamisessa.

Tapaustutkimukset ovat osoittaneet, ettd juurrutta-
misprosessi on sovitettava kuhunkin markkinavai-
heeseen ja sille on varattava riittévéasti aikaa. Téa-
|6in voidaan luodatoi mintaympéristélle mahdolli-
suus parantaa valmiuttaan kayttéonottoon, ja
markkinat ehtivét reagoida t&han muutokseen.

novaatioiden kayttoonottoa vahintéén kolmellata
valla. Ensinnakin juurruttaminen saattaa avai ntoi-
mijat vuorovaikutukseen keskendén. Prosessissa
tapahtuva yhteinen oppiminen auttaa osapuolia
ylittdmaan havaittuja esteité ja |6ytamaén yhtei-
sesti hyvaksyttyja kehittamisperiaatteita. Mark-
kinat alkavat rakentua, kun sek&innovaatio ettdsen
ympéristd sopeutuvat toinen toisiinsa. Toiseksi
juurruttamisprosessi nostaa esille ilmastomuutok-
senyhteydessakeskei sen yhtei skunnallisen laadun
kasitteen ja tarjoaa vélineen sen monipuoliseen
tarkasteluun. Kolmanneksi juurruttamisen yh-
teydessé syntyvatieto hyddyttaé yhteiskunnallisia
toimijoita myds muiden tarvittavien ohjauskeino-
jen valinnassa.

1 Introduction

Strengthening the status of energy saving and in-
creasing the use of renewable energy sources are
significant means of reducing greenhouse gas
emissions. Despite the obvious benefits, the mar-
ket hasnot yet adopted these procedureson aslarge
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a scale as one might have hoped. It can be stated
that there are both visible and invisible barrierson
the market impeding theimplementation and com-
mercialisation of these technologies.

Asapart of the Climtech technology programme,
theaim of the JUMENE project isto assessthe pos-
sibilities of constructing a market for cli-
mate-friendly energy technologies and to explore
prospects for enhancing the operating conditions
of Finnish energy technology businesses. More
specifically, the project focuses on identifying the
key actors, setting conditions for the development
and for the diffusion of new technologies, and ex-
aminestheir needs, visions and expectationsin re-
gard to the implementation of these technologies.
Another issue studied isthe possibility of building
interactive strategies between the key actorsin or-
der to develop both the technologies and the mar-
ket.

The method chosen to explore these questions is
called* Societal Embedding of Innovations'. Thisap-
proach has been ingpired by and is closdly related to
the studies of * Srategic Niche Management’ (Kemp
eta. 1998), andit hasbeen developed further at VTT
Technology Studies (Kivisaari et a. 1999).

Societal embedding of innovations can be charac-
terised as an interactive learning process amongst
three groups of key actors: producers, users and so-
cietal actors. Theinnovation is shaped in co-opera-
tiontofit theneedsof themarket. The approach aso
aims at creating conditions in which the innovation
can be adopted by itsenvironment. Thisapproachis
most suitable in promoting innovations that are de-
signed to meet societa needs. The Kyoto Protocol,
theNational Climate Strategy and the National En-
ergy Conservation Programme are examples of
commitments reflecting societal needs and neces-
sitating measures in the sphere of energy sector.

The project consists of two case studies represent-
ing both the promotion of energy saving and re-
newable energy sources: (1) JUMESCO: Shaping
of ESCO energy service concept in the municipal
sector, and (2) JUMPE: Increasing the use of wood
pelletsin single-family houses. In terms of meth-
odology, the project represents action research.



Besides analysing the intervention processes, re-
searchershave also supported problem solving and
network building by acting as convenors, catalysts
and facilitators.

The second chapter of this article focuses on the
description of the process of societal embedding. It
also refers to recent research dealing with transi-
tionto sustainability, and considerstherol e of soci-
etal embedding inthistransition. Inthethird chap-
ter we present the results of the project and con-
tinuewith discussionin chapter 4. Our conclusions
and recommendations are found in chapter 5.

Thisarticleisbased onthe JUMENE project report
by Véayrynen et al. (2002). The project has been
carried out by VTT Technical Research Centre of
Finland, in co-operation with Helsinki School of
Economics and Business Administration, and
Motiva, an impartial service organisation imple-
menting the government’s decisions on energy
conservation and promotion of renewable energy
SOUrCes.

Product

2 Societal embedding of
innovations

The objective of societal embedding of innova-
tionsisto promote the commercialisation of inno-
vationsthat on the one hand yield abusiness profit
and on the other hand support sustainable devel op-
ment. The process contributes to creating condi-
tions in which these innovations can be adopted
and, at the same time, it assists in adapting the in-
novation to the demands made by its environment.
Thisapproach can be characterised asamutual ad-
justment of an innovation and the needs of the mar-
ket, i.e. the impact goes in both directions (Kivi-
saari 1999).

2.1 Societal embedding as a learning
process

The notion of societal embedding is built on the
idea of innovation as a recursive process, the dif-
ferent stages (idea generation, devel opment, test-
ing and implementation) do not follow one another

"What is the product / service
concept to be developed?"

Actor Network
The Market - "Whose expertise or approval
is needed for development?"
Interests
"What are the interest of
key actors? How is their
commitment gained?"

Figure 1. The process of societal embedding as an interactive learning loop

(Kivisaari 2001).
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in linear fashion. Instead, the stages overlap each
other. The possible problems of implementation
arebuilt into the product in the course of the devel-
opment process. The final product reflects the de-
velopers' values and ideas - and also aspects that
they werenot awareof. Soin order to secure accep-
tance on the market, the expertise of users, various
interest groupsand regul ators al so needsto beinte-
grated into the devel opment process.

The process includes continuous dialogue and ne-
gotiation between multiple actors. It can be de-
scribed as an interactive learning loop in which
both the development target and the participating
network of actorsundergo continuous change. The
spiral in Figure 1 represents the time from idea
generation to diffusion of the innovation. During
thisdevel opment path threefundamental questions
arise:
1. What are the desired characteristics of
the product or service under development?
2. Whose expertise or approval is needed for
development and diffusion?
3.  What aretheinterestsof key actorsto partici-
pate in the development work?

During the process these questions are reconsid-
ered repeatedly. As aresult, a more thorough un-
derstanding of the development target is achieved,
new challenges emerge regarding the composition
of the development network and new commit-
ments to co-operation need to be ensured.

Working methods

The process of societal embedding can be divided

in three main tasks:

1. Identifying the key actors setting conditionsto
the development and diffusion of the innova-
tion.

2. Describing the needs, interests and visions of
key actors

3. Finding common ground for action in devel-
opment of the innovation.

Thekey actorsareidentified and their needs, inter-
ests, and visions are described by thematic inter-
views of a number of specialistsin different posi-
tionsand roles. For building amore organised pic-
ture of the market, potential key actorsare categor-
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Societal actors

/

Producers

<>

Figure 2. Key actors in societal embedding.

ised into three groups on the basis of their primary
interest in technology development and diffusion.
Potential key actors can be found in three different
domains: we can distinguish between producers,
users and societal actors (Figure 2).

Theactorsreferred to as producersare businessor-
ganisations, which seek to financially profit from
their businesses. Another interest they often share
is their pursuit of technical progressiveness. The
actors referred to as users share an interest in the
usefulness, usability and price-quality ratio of the
product. The group of societal actors consists of
public authorities involved in setting general
guidelines and of various interest groups, includ-
ing the media, exerting influence on technology
diffusion. Themaininterest of these societal actors
can vary from technical infrastructure to employ-
ment policy and from export activities to externa
costs of greenhouse gas emissions. All these do-
mains cover a variety of actors depending on the
product.

The various expectations and needs are discussed
in ‘multi-voiced’ seminars or organised dialogues
where key actors representing different types of
expertise and roles are invited. The target of these
seminarsisto support theinteraction between pro-
ducers, users and societal actors and to discover
common ground for action.



2.2 Transition management and
societal embedding

Societal embedding focuses on enhancing com-
mercialisation of innovations that yield financia
profit and contribute to sustainable devel opment.
However, the process can be placed into a wider
context by asking whether this approach can pro-
mote and speed up sustainable development in
wider society. This question links the study with
recent literature on transition management (Kemp
etal. 1998, Weber and Dorda 1999, Kemp and Rot-
mans 2002).

Transition refers to fundamental changes in soci-
ety or societal subsystems. It has been claimed that
certain kinds of network management strategies
aiming at diffusion of sustainableinnovations may
promote transition. Having been proposed as such
a strategy, ‘Strategic niche management’ intro-
duces sustainable innovationsin aprobe and learn
kind of manner. It pays specia attention to the
building up of support networks, to changes re-
quired in the institutional framework and to facili-
tating socia and technological learning processes
in experimenting with innovations. Societal em-
bedding isbased on similar ideas. Both approaches
aim at fostering development and diffusion of sus-
tainable concepts by promoting interaction and di-
alogue between different actor groups.

Although thiskind of network management strate-
gies have been viewed as necessary components of
transition, not all cases of strategic niche manage-
ment or societal embedding act as stepping stones
for transition. When ng successfulnessfrom
the point of view of transition, attention should be
paid to the quality of learning and institutional em-
bedding. (Hoogma et al. 2001, 2002)

Network management is often presented as the
most advanced way of steering complex change
processes and it has recently gained popularity in
governance. However, it isclear that network man-
agement aloneisnot effective meansfor advancing
transition towardssustainability. It needsto be sup-
ported by active use of other instruments, such as
regulation and economic incentives (see Kivisaari
et al. 2002, Hoogma et al. 2002).

3 Case studies
3.1 Background

In the JUMESCO case we examine the possibili-
ties of implementing the ESCO service concept in
Finnish municipalities. ESCO concept is based on
the ideathat ESCOs (Energy Service Companies)
offer their customers the service of taking respon-
sibility for theimplementation of energy savingin-
vestments by financing, designing and installing
the equipment, and gain their returns by taking a
share of the energy costs saved.

The significance of this case arises from the fact
that municipalities are major possessors of build-
ing stock and consequently, major consumers of
heating energy and el ectricity. Provided themunic-
ipalities would start to apply the ESCO concept,
the volume of the energy saving market would ex-
pand considerably.

The JUMPE case aims at increasing the use of
wood pelletsin single-family houses. This relates
to a more comprehensive objective of promoting
wood based energy, asexpressed inthe Action Plan
for Renewable Energy Sources. It has been esti-
mated that up to 80% of Finnish single-family
houses could usewood heating at least asasupple-
ment. The under-utilisation of fireplaces is often
due to difficulties in acquiring suitable firewood,
particularly in urban areas.

Wood pellets are made from waste sawdust and
compressed under high pressure with no glues or
other additives. Wood pellets offer a novel way of
using fireplace as a secondary heating unit evenin
houses with electric heating as primary system.
Wood pellets may be used in specially designed
pellet stoves standing alone or inserted into exist-
ing fireplaces. Wood pelletscan also beburnedina
wood stove or masonry fireplace by meansof apel-
let basket. As a hypothesis of this case study, we
suppose that, with an increasing number of house-
holds installing a pellet stove or adding a pellet
basket to their fireplace, the peak loadsin electric-
ity consumption during the winter season would
decline.
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3.2 Results of the case studies

JUMESCO Case

The JUMESCO case related to shaping of the
ESCO concept to meet the needs of Finnish munic-
ipalities. Based on Motiva's know-how and con-
tacts, three municipalities, three ESCO-businesses
and three financing institutions were identified as
potential partners for experimentation. The target
was that the three “local groups’ would agree on
concretelocal piloting sitesfor ESCO experimen-
tation and the JUM ENE project would support the
network construction and learning processes and
further develop the ESCO concept.

The societal embedding process was carried out
according to the tasks described earlier (2.1). The
major barriers for implementation were identified
and actions were taken to find ways to remove or
attenuate them. One of the most difficult issues
concerning regul ationsturned out to bethelegisla-
tion that necessitates the use of competitive bid-
ding in public procurement. In a project of ESCO
nature, municipalities arein need of well thought-
out criteriafor comparing the total value of differ-
ent tenders. A more diversified set of appropriate
criteria, than economic efficiency, was proposed.
Other questions raising concern were financing
and guarantees for the investment, allocation of
government subsidies and municipal decision
making in outsourcing.

During the 9-month project, the local partners
were working on finding appropriate pilot sites.
Researchersfacilitated thework of thetripartitelo-
cal groups by identifying and decreasing barriers.
Towardstheend of theproject, oneof thepilot sites
advanced considerably. One city and one ESCO
company entered into agreement, and the energy
saving investment of the pilot case was granted a
20% subsidy by the Ministry of Trade and Indus-

try.

The results of the JUMESCO case demonstrate
that the approach of societal embedding has evi-
dently contributed to the adoption of the ESCO
concept in municipalities. Asan outcome of inter-
action between the key actors, a reviewed model
for ESCO activities was prepared, with expert as-
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sistancefrom the Association of Finnish Local and
Regional Authorities and with the selected local
groups, to make the concept better fit the needs of
municipalities.

JUMPE Case

The experiences in the JUMPE case were in some
degree different. The relatively early stage of de-
velopment on the market would have required a
longer time period for the process of societal em-
bedding. The progressin the case has been slowed
mainly by two factors. The process has revealed
considerably more divergent interests among the
actor groups than anticipated. At the sametime, it
has become evident that the expectations of certain
key actors have been so weekly articul ated that the
possibilities to market construction in practice
have remained remote.

However, the benefits of the approach should not
be underestimated. The useful resultsin this case
study include identification of obstacles on the
market and description of the needs for further de-
velopment. One of the needs expressed with em-
phasis has been the need for special research com-
paring the combustion of wood pellets and its
emissions with the corresponding results of con-
ventional firewood. Smaller enterprises also con-
sidered testing of their pellet equipment in inde-
pendent test laboratories so expensive that they
could not afford it. Their claim to subsidised test-
ing may bejustified by their own R&D needs, but
in addition, by consumers’ interest in the results.
The lack of objective test results has turned out to
be one of the obstacles for the increase in demand
of pellet equipment.

Successfulness of the case studies

When assessing the success of the process of soci-
etal embedding, we haveto pay attention to collec-
tive learning and to evolution of deeper under-
standing of the problem and its possible solutions.
Asatool we can apply the criteria Hoogma (et al.
2001) has suggested (see 2.2). The aspects he
brings forth are the quality of learning and institu-
tional embedding. Learning is in turn divided in
single-loop learning and double-loop learning.



Table 1. Evaluation of the success of societal embedding in the two case studies.

Criteria of success JUMESCO JUMPE
Quality of 1. Single-loop -learning good moderate
learning

2. Double-loop -learning fairly good low
Institutional 3. Are complementary technologies moderately in some degree
embedding and infrastructures developed?

what might be feasible?

4. Are credible and widely shared
expectations produced about

to some extent to low extent

concept?

5. How broad is the array of actors broad
aligned in support of the new

fairly broad

According to Hoogma, learning should not belim-
ited to conventional single-loop learning but it
should include also double-loop learning. This
meansthat conceptions about technology, user de-
mand and regulations are not only tested, but also
guestioned and explored. As to institutional em-
bedding, three crucial aspects are identified. The
first aspect is to consider whether complementary
technologies and needed infrastructures are devel -
oped. The second aspect relates to widely shared,
credible and specific expectations about what
might befeasible. And the third question relatesto
considering how widely different actors — users,
producers and societal actors—are aligned in sup-
port of the new mode of operation.

Table 1 gives a simplified description of the suc-
cess of the case studies according to these criteria.
The distinction between the two cases is evident;
the JUMESCO case fulfils al the criteria to a
higher degree compared to the JUMPE case. A
special characteristic of JUMESCO is the occur-
rence of double-loop learning (crit. 2), enabled
partially by the successive multi-voiced seminars.
In the course of the process, target setting, modes
of action and roles of key actors have been ques-
tioned and reassessed. This has a so contributed to
the broad support of the new concept given by the
network of actors (crit. 5).

One of the positive features in JUMPE case is the
activenessof the participantsto discussthebarriers
and the ways of surmounting them. As a conse-
guence, the commitment of actorsto further devel-
opment is considered to be fairly broad (crit. 5).
Theweakest pointin JUMPE isobviously thefail-
ure in achieving widely shared expectations about
feasibletargets (crit. 4.) The key actors seemto be
in a certain kind of wait condition, not willing to
move over-hastily. Thus, the situation would be fa-
vourablefor acontinuation of societal embedding.

4 Discussion

The quality of an innovation is far from being an
unambiguous concept. Besides technological pro-
gressiveness, the product needs to be useful and
well integrated in the context of use and allowable
according to regulations. When an innovation is
designed to meet societal needs, e.g. controlling
climate change and reducing emissions, we have a
reason for highlighting the ‘ societal quality’ of the
innovation. Thisterm refersto co-operative efforts
to secure the societal benefits and implications of
the innovation.

Realising the multi-dimensional societal quality of

aproduct isbeyond the capabilities of the producer
alone. It callsfor acontinuous dial ogue and co-op-
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ocietal benefit
External costs,

Societal
actors

Confopity to norms and regiNations

Technical pyogressiveness,
Manyfacturability,
Production Znd distribution costs,
ility to distribution systems

Adéptability to social structuxes

Societal
quality

Usefulness, Usab¥ity,
Cost of purchase and\use,
Integration with existing practises

Producers

D B

Figure 3. Dimensions of societal quality with critical actors contributing to success

(Kivisaari and Lovio 2000).

eration between a number of external actors. Or-
chestrating parallel interaction with users, produc-
ersand thewider society, including mediaand reg-
ulators, isneeded. Thethree dimensionsof societal
quality are presented in Figure 3.with the critical
actors contributing to the success of the innova-
tion.

If we apply this triangular model to innovations
aimed at reducing GHG emissions, we perceive
that thetechnical progressiveness of the product or
its adaptability to infrastructure are not sufficient
elements in market construction. Besides these,
several other questions should be solved: Who will
be responsible for external costs ensuing from the
use of the product? How will the product be inte-
grated with existing practices of the users? What
aretheprerequisitesfor itswider acceptanceby the
public?
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The case studies of this project may also be as-
sessed referring to this frame. In the JUMESCO
case all key actors have participated in the discus-
sion with their own preferences and concerns, and
most of the questions have reached a practicable
solution. Meanwhile, the JUM PE case | eaves sev-
era questions unanswered, particularly from the
user perspective. For example, the conceptions of
the usefulness of pellet equipment are so far apart
that, given the limited time available, the possibil-
ity of making progress evades. These results are
convergent with theearlier evaluationin chapter 3.

Pursuing commercia success and societal quality
are by no means in conflict with each other. In-
stead, societal quality is a necessary precondition
for commercia success. Societal embedding of-
fersatool to examine, in closeinteraction between
the different actor groups, the various dimensions
of quality and contributes to achieving a combina-
tion of these features.



5 Conclusions

The overal results of the project indicate that a
more profound understanding of the demands
made on the product by its environment has been
achieved. The findings of the case studies also
highlight the need for allocating a sufficient time
span for the process of societal embedding as well
asfor adjusting the process according to the situa-
tion on the market. The market requires time for
adapting to the change.

Processes aiming at commercialisation of radical
innovationsaretypically longlasting dueto the nu-
merous changesthey requirein their environment.
Thisalso explainswhy societal embedding focuses
on market construction by influencing extensively
on the environment of the innovation. When suffi-
cient timeis provided for the process, the ground
for co-operation is smoothened and the different
actor groups are better prepared for the implemen-
tation and commercialisation.

The heterogeneous composition of the actor
groups calls for special attention to communica-
tion, solving conflicts and maintai ning momentum
during the process. Therefore the project has
brought out the demand for animpartial consultant
managing the process of societal embedding. Con-
sequently, research and R& D programs should in-
clude a paralel, specialy funded project for soci-
etal embedding managed by the consultant.

As a conclusion the project indicates that societal
embedding of innovations may promotetheimple-
mentation of climate-friendly energy technologies
inat least threeways. Firstly, the processmobilises
key actorsto co-operation wheredifferent expecta-
tionsand interests are articul ated and awareness of
the needs is increased. This generates interactive
learning on the problem and its solving. Market
construction is forged ahead by mutual adaptation
of the innovation and its environment. Secondly,
this approach offers atool to examine the societal
quality of theinnovation, aquestion vitally related
to climate change. Realising the various dimen-
sions of societal quality callsfor acontinuous dia-
logue between anumber of actors, provided by so-

cietal embedding. Thirdly, by producing new
knowledge of the needs on the market, this ap-
proach supportsthe societal actorsin choosing dif-
ferentinstrumentstoinducetheintended transition
to sustainability.
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Financing of the Commercialisation of Climate-Friendly Energy Technology
lImastomyédnteisen energiateknologian kaupallistamisen rahoitus

Matti Pulkkinen, Ville Lehtinen
LTT-Tutkimus Oy, Helsinki, Finland

Abstract

Thisresearch concentrated on the financing of the
commercialisation of climate-friendly energy
technology from the viewpoint of business enter-
prises, investors and public financing. According
to the research findings, the financing does not
seem to be a substantial problem to the develop-
ment of climate-friendly energy technology. Capi-
tal investment in theindustry hasincreased and, in
addition to domestic investors, international inves-
torsaswell have taken interest in the Finnish envi-
ronment technology. Business enterprises are also
quite satisfied with public financing. Although the
genera view ispositive, thereisroom for improve-
ment in business enterprises, investorsaswell asin
the public sector.

Lyhennelma

Tutkimuksessa keskityttiin ilmastomyonteisen
energiateknol ogian kaupallistamisen rahoitukseen
alan yritysten, sijoittgjien ja julkisten rahoittajien
ndkokulmasta. Tutkimuksen havaintojen mukaan
rahoituksen saatavuus e nayttaisi olevan ilmasto-
mydnteisen energiateknologian kehittamiselle
suuri ongelma. Padomasijoitukset alalle ovat kas-
vaneet jakotimaisten sijoittajienlisdks kansainvé-
liset sijoittajat ovat kiinnostuneet suomalaisesta
ympéristéteknologiasta. Lisdksi yritykset pitavét
julkisia rahoituspalveluita melko hyvina. Vaikka
yleiskuva on myoénteinen, kehittdmisen varaakin
[8ytyy niinyritysten, sijoittajien kuin julkisen sek-
torinkin toiminnassa.

1 Introduction

Extensive ratification of international climatic
treaties will create a globally increasing demand
for climate-friendly technol ogy. The growing mar-
ket gives new expansion possihilities to Finnish
enterprises. Finland is already a significant agent
in some areas of energy technology.

In the last ten years the Finnish economy has be-
come increasingly driven by financial market,
where financiers and investors play an important
role. In Finland, the growth of climate-friendly en-
ergy industry will partly depend on the ability of
theindustry to get anincreasing share of the capital
investment resources. This in turn depends on
whether the expected yield is attractive enough for
the investors. Efficient public financing continues
to be an important factor, especialy in the initial
phases of young business enterprises.

The research project sought answers especialy to

the following questions:

1. What are the present financing opportunities
for small and medium-sized enterprises con-
centrating on climate-friendly energy technol-
ogy, and what kinds of business and financing
plans do these enterprises have for the next few
years?

2. Asaninvestment object, how doinvestorsview
energy technology, are they willing to increase
investments in Finnish energy technology, and
if they are, on what conditions?

3. Intheareaof energy technol ogy, how hascapi-
tal investment business developed in Finland
as opposed to the rest of Europe?

4. What kind of possibilities do the different ac-
torsin Finland (Tekes, the National Technology
Agency, Ministry of Tradeand Industry, Motiva,
Finnvera etc.) offer presently, and how could
these be devel oped further?
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2 Technology / Methods

Thedataof thisresearch was gathered with severa
different methods. The state of innovation and fi-
nancial environment of energy technology in Fin-
land and abroad was examined by using earlier re-
searches and literary sources.

The basic method for the interviews was a theme
interview technique, which was used to gather data
in a structured though flexible manner, according
to interview situations. The interview round con-
sisted of two parts: theinterviews of authoritieson
commercialisation of energy technology and on fi-
nancing, and theinterviews of thekey personnel in
the case enterprises.

Fifteen case enterprises were selected from small
and medium-sized climate-friendly enterprises
that manufacture energy production or operation
technology, or other enterprises that advance cli-
mate-friendly energy technology (maximum 250
employees). One criterion for selection was that
about half of the enterprises should have risk fi-
nancing. Existing balance sheets and the relevant
information gathered from the interviews were
used to draw up afinancia statement analysiscon-
cerning the growth, profitability and financial sta-
tus of the enterprises. When the management was
interviewed, the main topic was the financing of
the enterprise.

In addition to the interviews conducted in the case
enterprises, the position of climate-friendly energy
technology inthefinancial market was analysed by
getting acquainted with capital investors' and busi-
ness angels' views of the industry and its future.
This analysis was made with a questionnaire that
was given to the member companies of the Finnish
Venture Capital Association and to the membersof
business angel network maintained by Sitra (the
target group consisted of approximately 110 inter-
viewees).
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3 Summary of results

3.1 Enterprises’ yield on capital high
- renewable energy technology
enterprises have biggest growth
expectations

The turnover of enterprises analysed (15) varied
between fourteen thousand euros and thirty-two
million euros. On the average, the turnover of the
analysed enterprises hasincreased by nine per cent
ayear in thelast five years, and net earnings have
increased even more. Overall, the financia struc-
tureis satisfactory. Capital invested in 1997 in the
enterprises in the ratio of their turnovers would
have resulted in approximately forty-four per cent
annual yield on the portfolio. The high yield de-
pends on many factors, but the most important
onesarethe comparatively good economic and op-
erational continuity of the selected enterprises, as
well asthegainfromthe spread of theinvestments.

Although the general view of the enterprises is
comparatively good, it should be said that the ana-
lysed areas and their respective enterprises varied
significantly from each other. Some enterprises
had not even begun the commercialisation of their
product and their profitability was very poor.

The biggest growth expectations of the case enter-
prises were in the ones that dealt with renewable
energy technology (biomass excluded). These en-
terprises expected their turnoversto grow fromthe
present two-and-a-half million euros to a hundred
million eurosintheyear 2005. The actualisation of
the growth predictions of the wind power technol-
ogy enterprises depends on their growth in the
global market. On the other hand, the growth of the
sales of earth heat pumps depends on the domestic
demand, although the export prospectsto e.g. Rus-
sia are quite good.

Approximately half of the case enterpriseshad one
or several capital investors as a shareholder. So far
only domestic capital investorsare shareholders of



these enterprises, but about a third of them have
been approached by a foreign capital investment
enterprise. All the interviewed small and me-
dium-sized enterprises did not have growth objec-
tives. In these casesthe financing was not seenasa
problem, and in general these enterpriseswere not
interested in risk financing. Themajority of theen-
terprises had applied and received bank loans.

3.2 Interest of capital investors is
growing - political risks slow down
investments

Many of the investors thought that enterprises de-
veloping energy technology do not have enough
knowledge of the possibilities offered by capital
investors. The capital investors have been con-
tacted mainly by other renewable energy technol-
ogy enterprises. Therewere also many of these en-
terprisesamong the candidatesfor investments. So
far, however, only one of the interviewees had
made an investment inthese enterprises. Theenter-
prisesthat offer software and expert services have
also been quiteactive. Intheareaof building mate-
rials, severa inquiries have been made but they
have resulted only in few investments. The inqui-
ries from the enterprises that utilise biomass seem
to have resulted in investments in several cases.

The studied enterprises have not had as much con-
tact with business angels as with capital investors.
At the moment, very few business angels consider
investments in the energy technology, and of the
interviewees only one had made an investment in
the field.

In general, the capital investors were more opti-
mistic than business angels about the internation-
alisation of the climate-friendly energy technol-
ogy. The capital investors thought that there is
good potential for internationalisation in biomass
and other renewable energy production, aswell as
in software and expert services. The long experi-
enceand tradition in Finland, aswell asthe wealth
of raw materials, were seen as strengths of bio-
mass. Thefaithin theinternationalisation of build-
ing materials was the weakest. Reasons for this

were the regionality of the industry as well asthe
hard competition in the field.

The investors thought that global emission trade
and the ratification of the Kyoto treaty would sig-
nificantly hasten the innovations and investments
in the energy industry. It was also thought that the
liberation and competition in the energy market
would hasten innovations. Several of the inter-
viewees thought that the introduction of new envi-
ronmental technol ogy had too many political risks.

3.3 Enterprises satisfied with public
financing services - investors more
critical

In Finland, climate-friendly energy technology is
financed e.g. by Ministry of Trade and Industry
(energy aid), Employment and Economic Devel-
opment Centres (internationalisation aids etc.),
Tekes (research and development aids and loans),
and Finnvera (environment loans and backings).

Theinterviewed (15) enterprises had extensive ex-
perience of the public sectors’ sources of financ-
ing. Tekes had financed research and devel opment
in amost all of the enterprises either with aids or
with loans. In addition, many enterprises had re-
ceived financing or backing from Finnveraas well
as backing from the employment and economic
centres. So far, the share of international financing
has not been significant. Only one of the enter-
prises had financing from the European Union.

The agentsin the Finnish innovation chain, Tekes,
Finnvera and the employment and economic cen-
tres, got mainly positive comments from the inter-
viewed enterprises. It is possible that the selection
criteria for the enterprises had something to do
with this. In general, the interviewed enterprises
thought that it was not a problem to get public fi-
nancing for their projects. It was also thought that
there had been alot of improvement in the public
innovation system. Finnvera has become more
market oriented and, according to the enterprises,
they work more efficiently and swiftly. In princi-
ple, the employment and economic centres got
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positive feedback from their active attitude, but
they are till informative stagesand thereisal ot of
room for development. The research and develop-
ment aid and loan from Tekes got mostly positive
comments. Although the genera view is positive,
the interviews showed several possibilities for de-
velopment.

The investors were more critical than the enter-
prisesabout the energy technology’ spublic financ-
ing system. Among other things, the investors
thought that the public agents should take greater
risks in the financing of energy technology. The
public sector’s cautious risk taking shows e.g. in
the fact that capital investors and business angels
do not have enough good investment objectsin en-
ergy and environment technology. This statement
is supported in part by the observation that all but
one of the researched enterprises had received
Tekesfinancing, but many of them did not have any
significant expansion plans. Fromthisit can be de-
duced that these enterprises have low research and
development risks and little potential for commer-
cialisation.

All indl, an effective relationship between public
and privatefinancing isbecomingincreasingly im-
portant. Capital investment activities aimed at de-
veloping business ventures has grown enormously
in our country while the public financia instru-
ments have largely remained stagnant. One can
ask, if the possible changesin the public financing
will enhance the part of private financing inthein-
dustry, or if these changes add to the risks and in
turn raise the costs of investments. An interesting
question initself is, whether private and public fi-
nancing influence each other in the current situa-
tion. According to the interviews in the energy
technology enterprises, thisrelationshipisnot very
clear-cut. Some of the interviewees thought that
public and private financing do not have any influ-
ence on each other, while others thought that get-
ting public financing helpsin getting better terms
on capital financing. Perhapssurprisingly, many of
the interviewees thought that getting private fi-
nancing helps significantly in getting public fi-
nancing.
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3.4 Strong growth in investments to
the energy sector in Europe in 2001

Inrecent years, capital financing hasgrownrapidly
inFinland. In 2001, the total sum of capital invest-
ments was 340 million euros. There were alto-
gether 449 investment decisions that concerned
294 enterprises. In 2001, there were three invest-
ments to the energy industry that were worth ap-
proximately four million euros.

In Europe, Great Britain is the leading country in
capital investments, In Finland, Sweden, Belgium
and the Netherlands there are more capital invest-
mentsin high technology than ontheaverageinthe
EU. InAustria, Greeceand Portugal only few capi-
tal investments are made in high technology.

The investments in the energy industry by the Eu-
ropean Venture Capital Association represent ap-
proximately one per cent of all their investments.
Between 1996 and 2001, theinvestmentsin theen-
ergy industry increased by eighty-five per cent,
with the same pace as investments altogether. In
2001, the member organisations of EVCA made
altogether 10 672 investments, of which 120 had
some connection to energy technology.

In 2001, the proportion of investments in the en-
ergy industry in Europe rose from 0.7 per cent to
2.8 per cent. In Finland, energy industry’s share of
all capital investments was about 1%. However,
these figures are not comparable, because EVCA
does not separate investments in environment
friendly energy technology from investments e.g.
in power companies. EVCA's examination of Eu-
rope covers the whole energy industry, and the
powerful growth in investments might be ex-
plained by the privatisation of energy companies
and the adjoining investments, increased invest-
ments in the energy technology and especialy in-
creased investmentsin the climate-friendly energy
technology.



4 Discussion

The initial assignment was significantly larger
than the actual conducted research. According to
the assignment, in addition to the commerciali-
sation of the climate-friendly energy technology
the research should have covered the promotion of
the introduction of this technology. The research
should also have covered aninternational compari-
son of the commercialisation and introduction of
thistechnology. However, at avery early stage the
management group of the research decided to con-
centrate on the financing aspect.

In evaluating the results of the research, it should
be taken into consideration that although the inter-
viewed enterprisesrepresent awide range of small
and medium-sized climate-friendly energy tech-
nology enterprises, their financial position is pos-
sibly better than that of an average enterpriseinthe
industry. The problem with a systematic compari-
son between different lines of businessis that the
researched enterprises work on several lines of
business.

When examining the experiences and attitudes of
capital investors, it should be remembered that the
return percentage of the questionnaires was not
very high, sothat theresultsand interpretationsare
not conclusive. It is probable that the question-
naireswere answered more readily by those agents
who have already invested in the energy industry’s
enterprises or who considered making those in-
vestments. In this case the answers may give an
overly positive picture of the views of capital in-
vestors.

5 Conclusions

One of the starting points of this research was the
suspicion that lack of financing was slowing down
the commercialisation of climate-friendly energy
technology. According to the findings of the re-
search, financing does not seem to present amajor

problem in developing climate-friendly energy
technology. Capital investments in the industry
have increased, and in addition to domestic inves-
tors, alsointernational investorshavetakeninterest
in Finnish environment technology. Additionally,
the enterprises were quite satisfied with the public
financing services.

Although the general view is positive, there is
room for development in all sectors. Thefinancing
of demonstration targetsis still a substantial prob-
lem, and at least points for examination can be
found in the activities of the enterprises, investors
aswell as the public sector. One of these pointsis
whether the Tekes aid should be given at an earlier
stage, because financing is more expensive to the
small and middle-sized enterprisesthan to the gov-
ernment and Tekes. In connection to the demon-
strations, there should be a research project that
would produce marketing material. Tekes could
also take into consideration if the demonstrations
could be viewed more as research and develop-
ment than commercialisation. Some kind of risk
insurance for the financing product should be de-
veloped and used in projects that have great tech-
nological risks. Most of the OECD countries have
replaced direct support to enterprises’ research and
development by tax reliefs. In Finland, there
should also be consideration and analysis of the ef-
fectiveness of tax reliefs and direct aids in com-
mercialisation of climate-friendly energy technol-
ogy, as well as in other targets. In addition, there
should be a systematical comparison between the
private and public financing of climate-friendly
energy technology e.g. in EU countries, so that the
right perspective could be acquired.

Publications and reports made under
the project

Pulkkinen, M., Lehtinen, V. 2002. lImastomy&nteisen
energiateknol ogian kaupal listamisen rahoitus. [ The
Financing of the Commercialisation of Climate-
Friendly Energy Technology (in Finnish).] LTT
Tutkimus Oy, 2002.
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Markets of New Energy Technologies
Uusien energiateknologioiden markkinat

Suvi Monni, Sampo Soimakallio,
Mikael Ohlstrom, llkka Savolainen
VTT Processes, Espoo, Finland
VTT Prosessit, Espoo

Abstract

Some 85% of the global energy need is covered by
using fossil fuels. The demand of energy, particu-
larly need of electricity, is increasing, but emis-
sions of carbon dioxide should be halved to fulfil
the ultimate objective of the UNFCCC: the stabili-
sation of the greenhouse gas concentrationsin the
atmosphere. Therefore, the structure of energy
productionaswell asenergy useareunder pressure
for asignificant change, resulting in increased de-
mand of new green energy technology.

Currently, global annual energy investments are
just over 1% of grossworld product. Tightened re-
quirements for reduction in greenhouse gas emis-
sions may result in the growth of this contribution
close to 2%.

Large investments are needed to cover the growth
of electricity demand. Globally, need of additional
electricity generation capacity is assessed to be
600-1500 GW from 2000 to 2020, corresponding
to average annual investments of 90-180 billion
(10°) USS$. In addition, by taking all the plant re-
tirements into account, total annual investments
may be over 200 hillion USS.

In the European Union, new plant requirements to
cover increasing electricity needs are approxi-
mately 300 GW between 2000 and 2020. Decom-
missioning of power plants will, however, double
this demand, corresponding to average annual in-
vestments of 15-22 billion €.

InFinland, thedemand for new el ectricity capacity

isassessedto be’5.5-7.5 GW in2020. Roughly half
of the capacity demand substitutes plant retire-
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ments. Cumulative investments associated with
electricity production are estimated to be around
25 hillion € between 2000 and 2020, including also
the capital expanditureof electricity transmission.

Theincreasein electricity demand, aswell asmar-
ketsof energy technol ogies, depend on several fac-
tors, resulting in significant differencies between
estimated investments. Especialy, thisis the case
when considering investments in renewables,
which are strongly dependent on internationa
agreements, capital grants and on other policy
measuresaswell ason technol ogical development.

Tiivistelma

Maail massa kéytettévasta energiasta n. 85 % tuo-
tetaan fossiilisilla polttoaineilla. Energian kysynta
ja erityisesti sdhkontarve kasvaa, mutta samalla
fossiilisten polttoaineiden kéytdsta syntyvét hiili-
dioksidipaasttt olisi vahennettavaalle puoleen ny-
kyisistailmastonmuutoksen hillitsemiseksi. Taméa
aiheuttaa merkittévia paineita maailman energian-
tuotantorakenteen jakéayton muuttamiselle. Ekolo-
giselle jataloudelliselle energiatekniikalle on siis
odotettavissakasvavamaail manl agj uinen kysynta.

Talla hetkella energiainvestoinnit ovat hieman yli
prosentin maailman kokonaisbruttokansantuot-
teesta. Osuus saattaa | ahivuosikymmenind nousta
Iahell e kahta prosenttiakasvihuonekaasupaasttjen
rajoittamisvelvoitteista johtuen.

Lisdantyvan sahkontarpeen tyydyttéamiseen tarvit-
tavat investoinnit ovat suuria. Maailmanl agj ui sesti
uutta sdhkodntuotantokapasiteettiatarvitaan arviol-
ta 600-1500 GW vuosien 2000 ja 2020 valilla
Keskiméaréisind vuosittaisina investointikustan-
nuksina tama tarkoittaa 90-180 miljardia USA:n
dollaria. Lisdks kaytOsta poistuvan kapasitestin
korvaaminen saattaa nostaa kokonaisinvestoinnit
jopayli 200 miljardiin dollariin.



EU:ssalisééntyvén sdhkontarpeen tyydyttamiseen
tarvittavan uuden kapasiteetin mééraon arvioltan.
300 GW vuosien 1995 ja 2020 vdlilla. Suljettavat
voimal aitokset nostavat investointitarpeen kuiten-
kin noin 600 GW:iin vastaavanaajanjaksona, mika
vastaa keskimaaréisind vuosittaisina padomakus-
tannuksina n. 15-22 miljardia euroa.

Suomessa uuden sahkontuotantokapasiteetin tar-
peen on arvioitu olevan noin 5,5-7,5 GW vuonna
2020. Karkeasti arvioituna noin puolet téstéd maa-
rastd korvaa kéytosté poistuvia voimalaitoksia
Sahkontuotantolaitoksiin jasahkonjakel uun liitty-
vat kumulatiiviset investoinnit vuosien 2000 ja
2020 vélillaovat arvioltanoin 25 miljardiaeuroa.

Sahkontarpeen kasvu ja eri teknologioiden mark-
Kinat riippuvat monistaeri tekijoista, jasiten myos
arviot tarvittavistainvestoinneista vaihtelevat run-
saasti eri tutkimusten valilla Erityisen suurtavaih-
telu on tarkasteltaessa investointeja uusiutuviin
energianlahteisiin, sillane ovat voimakkaasti riip-
puvaisia mm. teknologian kehityksestd, kansain-
valisista sopimuksista, investointituista ja muista
ohjauskeinoista.

1 Introduction

Theuseof fossil fuels, including coal, oil and natu-
ral gas, represents some 85% of the global energy
production. The demand of energy is increasing
particularly in devel oping countries, but alsointhe
industrialised world, in concomitance with atarget
to reduce carbon dioxide emissions to a harmless
level in order to mitigate climate change. Accord-
ing to IPCC (2001) this means that global CO,
emissions should be more than halved. Therefore,
strong emission cutsin industrial countries should
be implemented within the next few decades. Sig-
nificant changes in the energy production and in
the usage are required to achieve the challenging
target.

Rising to the challenge takes decades due to rela-
tively slow energy system regeneration. Operating
time of investments in power plants, industrial,
buildingsorininfrastructurestypically variesfrom
20 to 50 years, with an annual substitution rate of
some 3-4% (Savolainen et al. 2000). Currently,

global annual energy investments arejust over 1%
of grossworld product. According to Nakicenovic
et al. (1998), this share may increase to near 2%,
due to emission reduction requirements.

The demand for new green energy technology is
projected to increase significantly world-wide, re-
sulting in ageneration of remarkable business pos-
sibilities for relevant enterprises. The extent of
adoption of new energy technologiesis, however,
limited by different types of factors. First of all,
there are scientific or theoretical maximum poten-
tiaities, which do not necessarily remain at a con-
stant level, e.g. in a case of biomass. In addition,
the amount of energy that could be produced isre-
stricted by technological and economic aspects.
The maximum adoption potential, named as mar-
ket potential, is finally generated by demand and
supply, policiesof government aswell asby accep-
tance of consumers.

The scope of this work was to study the invest-
mentsneeded for new energy technologiesover the
next few decades. Capital expenditure was only
calculated for capacity of electric power produc-
tion, due to lack of data. In addition, investments
associated with electric transmission and utilisa-
tion were not taken into account. Instead, decrease
of further investments due to technological devel-
opment was assessed. | nvestments were examined
by energy sources from global, European Union
and from national point of view, and are expressed
ascurrency and as power unit, and represented cu-
mulatively. Costs are expressed in US dollars
(2000) or in euros (2000).

2 Methods

The study was carried out by using literature re-
view and existing energy scenarios. Resultsof pro-
jects made under the Climtech programme were
also exploited. Two different types of approach
were used in the analysis. The first one concerned
investments associated with the whol e energy sys-
tem, whereas in the second one, individual energy
technologies covering wind power, solar energy,
bioenergy aswell ascombined heat and power pro-
duction (CHP) were studied. Connection between
examined energy technology and energy system
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was assessed only roughly, if at al, in the latter
type of approach.

Energy scenarios are typically based on projec-
tions of population growth and economic expan-
sion. Assumptions concerning development of
specific consumptions associated with different
types of economic sectors are also generally in-
cluded in the scenarios. Grossworld product is as-
sessed to be three to five-fold compared with the
current level by 2050, due to projected population
and economic growth (Nakicenovic et al. 1998).
This means that energy demand will necessarily
increase, regardless of continuous slow develop-
ment of energy efficiency. However, administra-
tive controlling, e.g. by means of energy and envi-
ronmental taxes or with emissiontrading, could ac-
celerate this development due to environmental
protection matters.

In addition to above mentioned basic parameters,
the scenarios typically contain many other as-
sumptions resulting in divergence of progression.
In fact, there could be as much different types of
scenarios as assumptions. Intheanalysisof invest-
ments associated with the whole energy system,
two types of scenarios were taken into consider-
ation. One represents progression like business as
usual (BAU), whereasanother describesmore eco-
logical development (ECO) with assumptions of
energy saving.

3 Results

3.1 Gilobal review

3.1.1 Total investments

Global primary energy and electricity demand
were estimated by using existing scenarios,
[ASA/WEC (1998), |EA (2000) and EIA (2001),
representing global energy production and use.
World primary energy need was close to 400 EJ/a,
and electricity production some 12 000 TWh/a, in
the year 1990. Electricity demand will increase
some 75% from 1990 to 2020, and become three-
fold by 2050, in the case of BAU-scenario. There-
spective growth isapproximately 43% and 91%, in
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the case of ECO-scenario. Proportion of electricity
from primary energy will increase roughly equally
in both scenarios through the examined period.
Thus, the growth of primary energy consumption
is slower.

The contribution of world electricity productionis
projected to decrease in OECD region by 2050.
Furthermore, ashade decreaseisalso estimated for
reforming economies (REFs), whereasremarkable
growth is assessed for developing countries by
2050, dueto relatively rapid growth of population
and of economics.

Global average full-load hours for electricity pro-
duction was approximately 4 300 h/a in 1998,
based on published statistics (EIA 1999). The de-
mand of additional electricity production capacity
was calculated using average full-load hours for
eachindividual energy source. Theneed of new ca-
pacity to meet theincreasing demand of electricity
varies between 600 GW (ECO) and 1 500 GW
(BAU) from 2000 by 2020. Respective numbers
are 1 000 GW (ECO) —2 400 GW (BAU) by 2030,
and 2 700 GW (ECO) —4 400 GW (BAU) by 2050.
It should be noted that substitution of capacity that
will be decomissioned was not totally included in
these numbers, resulting in significant underesti-
meating of demand of new capacity. Currently, ap-
proximately 3-4% of existing capacity is substi-
tuted annually, corresponding to some 90-130 GW.

Cumulative investments in additional electricity
production capacity vary between 1 800 billion
US$ (ECO) and 3 600 billion US$ (BAU) from
2000 by 2020. Respective number isroughly 2 800
(ECO) — 5 300 (BAU) hillion US$ by 2030, and
6000 (ECO)—9 600 (BAU) hillion US$ by 2050.

If cumulative investments of additional electricity
generation capacity were divided equally for each
year, the annual investments would represent
90-180 hillion US$ on the average between 2000
and 2020. By taking all the plant retirements into
account, total annual investments may be over 200
billion USS.

In the case of BAU scenario, two thirds of invest-
ments result from coal, nuclear power and natural



gas plants between 2000 and 2020. Approaching
theyear of 2050, the share of nuclear power will in-
crease, corresponding tojust under half of thetotal,
whereasthe contribution of coal goesdown to neg-
ligiblelevel. The other half of the investmentswill
result roughly from renewables (e.g. wind power)
and from waste between 2030 and 2050.

In the case of ECO scenario, natural gas, nuclear
power and hydro power cover some 15% each of
thetotal investmentsbetween 2000 and 2020. Con-
tribution of renewables and wastesisroughly 40%
over the same period, but will increaseto near 90%
between 2030—2050. It should be noted that energy
saving assumed in ECO scenario will possibly re-
quire remarkable investments in usage technolo-
gies, which are not considered in this study.

Most of theinvestmentswill beimplementedin de-
veloping countries. Furthermore, taking also the
short of infrastructure for electricity distribution
and supply into account, the contribution of total
investments will be even higher.

3.1.2 Investements in renewables

Estimates of global investments in renewable en-
ergy were based on several publications (e.g. |IEA
1999, NCPV 2001, Clini and Moody-Stuart 2001,
BTM 2001, IPCC 2001).

Current investmentsin solar energy technology are
at arelatively low level, corresponding around 3
billion US$ annually. Despite, the sector is grow-
ing rapidly. Assessments of global cumulative in-
vestmentsin solar electricity vary between 30to 85
billion US$ by 2010, and between 180 and 850 bil-
lion US$ by 2020, respectively. The estimates pub-
lished in several studiesrepresent that investments
insolar heat are projected to be higher than in solar
electricity, at least on a short view.

Investments in wind power are aso rapidly in-
creasing worldwide, especially in Europe. There-
fore, many eval uations concerning installed capac-
ity in 2010 done at the end of 1990s have aready
become obsolete, due to the extremely rapid
growth of wind power market in the recent years.
However, future investments in wind energy

strongly depend on policiesand measures, and nat-
uraly also on development of technologies and
costs. Thus, the assessments have quite a large
variation. The estimated global cumulative invest-
ments in wind power are 100-900 billion US$ by
2010, and 200-1300 hillion US$ by 2020.

Estimates of biomass use as primary energy in the
forthcoming decades are avail able, but the invest-
mentsare difficult to assessbased on these. Thein-
vestment costs depend strongly on the processes
and technol ogiesused. Biomasscan alsobeusedto
produce heat, el ectricity, both (CHP) or e.g. to pro-
cesstraffic fuels. In addition, biomass may substi-
tutefossil fuelswithout largeinvestments, or it can
be combusted together with fossil fuels. The esti-
matesoninvestmentsin el ectricity produced by us-
ing biomass vary between 20 and 240 billion US$
by 2020.

Combined heat and power production (CHP) hasa
significant potential, because in many areas heat
and power are still produced separately, even
though CHP might be amore economical and eco-
logical dternative. The share of combined heat and
power production of global electricity production
was 6% in the year 2000. Thisshareis projected to
grow to 10-30% by 2010. The future of CHP mar-
ket depends strongly on ratification of Kyoto Pro-
tocol, and particularly on emission trading (Brown
2001, ENS 1999).

3.2 Consideration of the European
Union

3.2.1 Total investments

Estimates on development of primary energy and
electricity demand in the EU were based on Euro-
pean Union Energy Outlook 2020 (EC 1999),
where akind of BAU scenario has been described.
No type of ECO scenario concerning the EU was
found in any study. Thus, only BAU scenario was
considered.

The primary energy need of the EU was approxi-

mately 55 EJain 1990. Itisprojected toincreaseto
65 EJaby 2010, and to near 68 EJa by 2020 (EC
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1999). At the sametime, the share of the EU from
global primary energy need will decrease from
around 15% in 1990 to 11-12% in 2020. Electric-
ity production was some 2 200 TWh/ainthe EU in
1990. It is assessed to grow to 3 000 TWh/a by
2010, and roughly 500 TWh/a per decade by 2030
(EC 1999). By comparing these numbers with
global electricity production estimates based on
constructed BAU scenario, the proportion of the
EU will decrease from approximately 18% to near
15% during above mentioned period.

According to EC (1999), energy supply in the Eu-
ropean union is dominated by fossil fuels over the
time period examined. Despite increasing adop-
tion of renewables, the share of them in energy sup-
ply shal remain at a relatively low level, and
achieve appr. 6% by 2020. The use of electricity is
projected to increase roughly 1.7% annually over
the period. The proportion of wind power in elec-
tricity productionisassessed to grow from 0.1%in
1999 to just over 4% by 2030.

According to EC (1999), approximately 300 GW
of new power production capacity isneeded in the
European union to cover theincrease of electricity
demand between 1995 and 2020. If plant retire-
ments are al so taken into account, the EU will re-
quire closeto 600 GW of new capacity inthe same
period. Respective numbers between 2020 and
2030 are some 110 GW and near 400 GW. Theuse
of combined heat and power production isbecom-
ing more general. Even athird of the power plant
investments may be associated with CHP between
1995 and 2020 as well as 2020—2030.

The investment costs were evaluated by using ba-
sic assessments published in Backround Study for
the Finnish Climate Change Action Plan (MTI
1/2001), as well as estimates represented by
Nakicenovic (1998). Cumulative investments in
electricity production capacity corresponding to
the analysed scenario were assessed to be roughly
380-570 hillion € from 1995 by 2020. Assuming
that theseinvestments are divided equally between
years, the annual investments would be roughly
15-22 hillion €.
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3.2.2 Investments in renewables

In the European Union, the use of renewable en-
ergy ispromoted by action plans and directives. A
target of 12% for the contribution of renewable
sourcesof theelectricity productionuntil 2010 was
set in the White Paper “Energy for the future: re-
newable sources of Energy” (EC 1997), against
6%in 1996. Commission hasalso set adirectiveon
thepromotion of electricity fromrenewableenergy
sources in the internal electricity market.

Inthe EU, investmentsin solar electricity are esti-
mated to be 6-9 hillion € by 2010. Solar heat mar-
ket isevaluated to be broader alsointhe EU, corre-
sponding to investmentsof some5-40billion € un-
til 2010 (ATLAS 1999, Solpros 2001a). Roughly
half of the globally installed solar electricity ca-
pacity has been installed in developing countries.
They are projected to be a significant market area
for European solar electricity industry also in the
future, especialy in the case of off-grid applica-
tions (ATLAS 1997).

Europe is globally the most remarkable market area
of wind energy. Nearly al of the European wind en-
ergy capacity is instdled in the EU countries, and
90% of world's wind turbine manufacturers are Eu-
ropean. Cumulative investments are estimated to be
ashighas70hillion€intheEU by 2010. Investments
of even 190 hillion € could be achieved by 2020 (EC
1997, BTM 2001, |EA 2001).

Theinvestmentsin combined heat and power inthe
European Union were estimated using four scenar-
ios from European Cogeneration Sudy (Whiteley
et al. 2001) and a scenario from European Union
Energy Outlook 2020 (EC 1999). In addition,
White Book on renewable energy (EC 1997) was
also used in the case of biomass-CHP. Investments
in CHP depend strongly on market pricesof thefu-
els used, especially of natural gas, which is the
most important CHPfuel at themomentandalsoin
the near future. Possible deregul ation of European
gas and electricity market, as well as policies and
measures, will aso have asignificantimpact onthe
investments in CHP. Under favourable circum-
stances, cumulative investments in CHP in total
may rise up to 100 billion € by 2010, and up to 190
billion € by 2020, respectively. Inthat case, invest-



ments in biomass-CHP may rise up to 60 billion €
by 2010, and close to 70 hillion by 2020.

3.3 National review

3.3.1 Total investments

Estimates on the development of primary energy
and electricity demand in Finland were based on
scenariosof the Climtech programme. Threetypes
of scenarios were taken into consideration. BAU
scenario represents circumstances where emission
cuts to fulfil the requirements of the Kyoto Proto-
col are not implemented. In addition, the fifth nu-
clear power plant will not be constructed in the
BAU scenario. On the contrary, preceding assump-
tions are fulfilled in two ECO scenarios concerned
inthisstudy. Theserepresent conventional (CONV)
and optimistic (OPT) technol ogical devel opment.

InFinland, primary energy consumptionwas some
1.1 EJain 1990, and closeto 1.4 in 2000. Thein-
crease of energy consumption has not been ashigh
asthe economic growth of recent years. According
toBAU, CONV, and OPT scenarios, theenergy de-
mand is assessed to riseto 1.5 EJaby 2010, and it
isestimated to vary from just below 1.5 to approxi-
mately 1.6 EJa in 2030, depending on the sce-
nario.

Absolute consumption of electricity has been
growing steadily in Finland. Total annual electric-
ity consumption was just over 60 TWh in 1990,
against closeto 80 TWhin 2000. The consumption
of electricity isestimated to grow to 89-92 TWh/a
by 2010, and to be 102-107 TWh/a by 2030.

Relatively large investments are needed to cover
the increasing demand of electricity. Besides, the
present power and heat plants will have to be re-
placed gradually. In many cases the present plants
arebeing used asfar asitiseconomically and envi-
ronmentally reasonable, so the decomissioning
schedulesarenot well known. The present el ectric-
ity production capacity in Finland is approxi-
mately 17 GW nominal power. The demand of new
electricity capacity is assessed to be 2-3 GW by
2010, 5.5-7.5 GW by 2020 and 10-14 GW by
2030 (Karaet al. 2001). Roughly half of the capac-
ity demand substitutes plant retirements.

Total energy investmentsin Finland were approxi-
mately 660 million € in 2000. The share of energy
investments were around a percent of GDP in
1990s, and it is projected to remain at the same
level during the considered time period.

Cumulative energy investmentsare estimated to be
roughly 17 billion € within BAU scenario during
the first decade of 21 century. These costs are as-
sessed to be 10% higher in both ECO scenarios, re-
sulting mainly from investments in nuclear power
plant. Respective cumulative investments are pro-
jected to be 21-22 hillion € during the following
two decades within all examined scenarios.
Roughly two thirds of total energy investmentsare
associated with the costs of electricity production.
It should be noted that capital expenditure associ-
ated with electric transmission is included in this
share.

3.3.2 Investments in renewables

The estimates on investmentsin renewable energy
in Finland are mainly based on estimates made in
Climtech projects and also on some other publica-
tions (Vartiainen et al. 2002, Sol pros 2001b, Hely-
nen et al. 1999). Like in many other countries, the
investments in renewable energy in Finland
strongly depend on policiesand measures, on taxa-
tion and investment grants. Assessments of cumu-
lative investmentsin solar energy technology vary
between 30 and 590 million € by 2010, and be-
tween 30 and 720 million € by 2020. Respectively,
investments in wind energy were estimated to be
110-590 million € by 2010 and 360—2240 million
€ by 2020. Value of investments in biomass-CHP
was estimated to be some 2-5 hillion € by 2010.

4 Export of Finnish energy
technology

Export of Finnish energy technology increased
significantly inthe past decade (Figure 1). Value of
energy technology export was approximately 0.8
billion€in 1990, against 3.2 hillion € in 2000, cor-
responding to 6.5% of the whole Finnish export.
Approximately aquarter of energy technology ex-
ported in 2000 was so called sustainable technol-
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Energy technology exports and imports in Finland

I Export
I dImport

billion euros

1988 1989 1990 1991 1992 1993

1995 1996 1997 1998 1999 2000 2001

Figure 1. Export and import of Finnish energy technology between 1988 and 2001 (Hernes-

niemi 2002).

ogy. Currently, Finland isone of themost in energy
technology spesialised country in the world.

Advanced combustion technology and associated
component manufacturing is one of the strong as-
pects of Finnish energy technology. In addition,
manufacturing of wind power plant components
have continuously become more important in ex-
port markets. Start-up of Finnish wind power plant
manufacturing, penetrating roughly ashareof 10%
from the global market by 2010, has also been set-
tled asan abjective. Annual export of Finnishwind
power technology could in that case be at least 2
billion €. The current export of Finnish solar power
products is approximately 8 million €. According
to National Action Plan for Solar Energy (Solpros
2001b), export of 115 million € by 2010 has been
settled as a target.

The total annual export of Finnish renewable en-
ergy technologiesis assessed to be from 1 to 6 bil-
lion € in 2010. The potential could be even larger,
when also other sustainable energy technologies,
such as frequency converters providing more effi-
ciency, would be taken into account.
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5 Conclusions

The growth of electricity demand appearsto bein-
evitable during the next few decades, regardl ess of
continuous but slow development of energy effi-
ciency. Therefore, large investments are needed
world-wide to cover the growth of electricity de-
mand. Globally, annual investments of additional
electricity generation capacity was assessed to be
on the average 90180 hillion US$ between 2000
and 2020. Contribution of the European Union is
roughly 10% of projected global investments. Fur-
thermore, average annua investments in addi-
tional electricity production capacity in Finland
are under 1 billion € between 2000 and 2020, cor-
responding to some 5% in maximum of respective
invesments in the EU.

Significant differencies between examinations ex-
ist, dueto numerous assumptionsand uncertainties
associated with assessments. Particularly, this is
the case when considering investments in re-
newabl es, which arise from strong dependence on
policies and measures as well as on developments
of technologies and costs.



In Finland, export of energy technologies has in-
creased significantly in the past years. Further-
more, the demand for ecological and economic
technologies is projected to grow, resulting in
emerging markets. This may considerably benefit
Finnish enterprisesinvolved in energy technol ogy.

Publications and reports made under
the project
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Espoo, 2002. 69 p. (to be published).
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