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Green growth is a way to pursue economic growth and development, while pre-
venting environmental degradation, biodiversity loss, and unsustainable natural re-
source used. Green growth holds a lot of potential and could define a new era of in-
novation in the aftermaths of the economic crisis. The concept has gained a lot of
interest also in Finland.

This publication is the end result of a Tekes-funded innovation research project
“Towards a green post-crisis economy — Finnish opportunities in environmental
technologies” The project analyses three main themes. First, it analyzes the global
environmental technology investments as well as the green components of glo-
bal stimulus packages to battle the economic crisis. Especially South Korea and Chi-
na have invested heavily in these areas recently. Second, part of the project stud-
ied environmental technology specialization in different countries. There are several
strengths in Finland, but a clear specialization seems to be lacking. Finally, the inter-
esting cases of biofuels and electric vechicles were highlighted as examples of how
green growth could be promoted in Finland. These cases have a strong linkage to
some new Tekes and SHOK programmes, especially the Biorefinery, Electric Vehicles
and Green Growth programmes.

Tekes wishes to express its gratitude to the research team that managed to tack-
le a topical theme through a versatile approach. Tekes also thanks all those who con-
tributed to the project. The results have a lot of utilization potential in innovation and
environmental policy as well as in R&D.

Helsinki, May 2011,

Tekes, the Finnish Funding Agency for Technology and Innovation




Christopher Palmberg and Kimmo Viljamaa

Recent findings on the socio-econo-
mic consequences of climate change,
are pushing environmental technolo-
gies and’‘green growth'to the top of the
policy agenda in many countries. The
various stimulus packages that govern-
ments are implementing to tackle the
economic crisis also contain significant
investments in environmental technol-
ogies and add to the momentum. These
developments create both opportuni-
ties and challenges for many countries,
including Finland where new techno-
logical and industrial strongholds are
sought in an increasingly competitive
post-crisis global economy.

With the aim to gain a better un-
derstanding of these opportunities and
challenges Etlatieto, Advansis and Aal-
to University, Organization and Man-
agement, initiated a project entitled
‘Towards a green post-crisis economy
— Finnish opportunities in environmen-
tal technologies’ (FOPET). The project
draws on ongoing OECD and other
work, including patent data as well as
case studies on Finnish developments
in the areas of biofuels and electrical ve-
hicles, to assess the position, challenges
and policy opportunities of Finland in

emerging environmental technologies.
It set out to provide policy relevant in-
sights about the position and opportu-
nities of Finland in the rapidly expand-
ing area of environmental technolo-
gies, and renewable energy in particu-
lar. It addressed the following questions
within its three project modules:

Module land Il (Advansis Ltd. and Etla-

tieto Ltd.): The economic crisis, green

recovery and growth - the position of

Finland in environmental technolo-

gies

1. How have environmental technol-
ogy investments developed in re-
cent years, which role do the stimu-
lus packages to tackle the econom-
ic crisis play in this context and can
they contribute to green growth?

2. How are environmental technolo-
gies developing across sub-sectors,
regions and countries? Which is the
position and technological special-
ization of Finland in environmental
technologies, how does it compare
with developments elsewhere?

3. Which are the innovating compa-
nies in Finnish environmental tech-
nologies, how do these technolo-
gies link up to established compa-
nies and industries?

Module Il (Aalto University, Organi-
zation and Management): Can bio-
fuels and electric vehicles contribute
to green growth in Finland?

4. Which are the main drivers, actors
and policies enhancing the green-
ing of the transport sector?

5. To what extent is it likely that biofu-
els and electric vehicles businesses
can contribute to green growth in
Finland?

6. Whatare otherimportantissuesand
possible future opportunities in the
transport sector?

This is the final report of the FOPET
project. This first section of the report
synthesizes the main findings of the
project as a whole. It also draws on pres-
entations and discussions at a work-
shop held in December 2010 involv-
ing the OECD and hosted by the Minis-
try of Environment and Tekes. The sec-
ond section is a revised version of a dis-
cussion paper which covers modules
I and Il of the project (the original dis-
cussion paper has been published in
ETLA's discussion paper series in 2010,
see Palmberg and Nikulainen (2010)),
while the third one covers module Il of
the project.



The project started in Novem-
ber 2009 and ended in March 2011. It
has been funded by Tekes, the Finnish
Funding Agency for Technology and In-
novation.

Increasing concerns about climate
change and the environmental sus-
tainability of economic development
call for a greener model of growth. En-
vironmental regulations are tightening
in line with international treaties (such
as the Kyoto protocol to the UN Frame-
work Convention on Climate Change)
and regional legislation (e.g., the EU),

while consumers are becoming increas-
ingly wary of sustainability issues. As a
consequence, governments around
the world are looking for new oppor-
tunities to promote ‘greener’ environ-
mental technologies while many com-
panies are sensing new businesses in
these emerging markets. The World-
watch Institute has gone as far to sug-
gest, in their State of the World report
from 2008, that the next wave of inno-
vation will be driven by environmental
technologies (such as renewable ener-
gy and green nanotechnology) in a sim-
ilar way that computers have defined
the current wave of [T-driven innova-
tion (see Figure 1).

Environmental technologies com-
prise a broad set of technologies whose
delineation is tricky, and indicators to

monitor developments are hard to de-
velop. This report will largely focus on
renewable energy as a sub-area of en-
vironmental technologies as defined by
the OECD for which relatively reliable in-
dicators exist.! Further, renewable ener-
gy technologies hold the most promis-
es for achieving the type of innovations
that green growth would require (see
further below). It should still be noted
that many other areas also can contrib-
ute to mitigating climate change and
supporting environmental sustainabil-
ity, such as biotechnology, chemistry,
material sciences and nanotechnology
and engineering (see OECD 2010).
Turning to data on financial invest-
ments in renewable energy technolo-
gies (both public and private invest-
ments in R&D, manufacturing scale-

Figure 1. Drivers for long waves of innovation. Source: Worldwatch Institute (2008)
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1 The definition is based on a patent search algorithm that has been developed by the OECD, together with experts, which covers the areas of
air-pollution control, renewable energy, water pollution control and solid waste management. It should be noted that this definition is tricky as
all technologies with positive environmental consequences may not be included




up and roll-out), available indicators
indicate rapid growth in global invest-
ments in this area since 2002, despite a
slight decline in the growth rate during
2008-2009 due to the economic crisis.
Wind power attracted the highest share
of new investments in renewable ener-
gy. Solar power (primarily photovoltaics,
or PVs) reached second place, followed
by biofuels, while investments in bio-
mass, marine & small-hydro, geother-
mal power, and energy efficiency ac-
counted for far smaller shares. Further-
more, analyses of trends show that PVs
are the fastest growing field in terms of
investments.

Europe accounts for a 37% share
of global renewable energy invest-
ments, followed by Asia & Oceania
(34%), North America (17%), and South
America (10%). It is noteworthy that in-
vestments in Asia and emerging econ-
omies (China, Japan, Australia, and In-

dian in particular) have increased from
previous years as renewable energy
technologies have become areas with
higher priority. Overall, renewable ener-
gy investments account for a majority
(around 60%) of all energy investments
in 2008, meaning that over 40% of all
actual power generation capacity addi-
tions are related to renewable energy
technologies. Therefore, renewable en-
ergy technologies are no longer a set of
niche technologies; they are part of the
mainstream energy sector.

The impressive growth in renew-
able energy technology investments
could provide a good basis for green
growth and nnovation. These invest-
ments also seem to be reflected in the
rather impressive growth in renewa-
ble energy technology patenting as
a sub-area in the OECD definition of
environmental technologies (see Fig-
ure 2).

The growth of patenting in renew-
able energy relates to technologies in
the areas of biomass, wind, and solar.
The growth of patenting activity in bi-
omass technologies has been relative-
ly steady throughout, whereas activi-
ty in wind and solar technologies has
increased significantly during the last
years of the data. The most significant
increase in patenting is in solar technol-
ogies, corresponding well also with ac-
celerated investments in this field. Re-
gional patterns are similar across the
major regions of the world with the ex-
ception of the BRIICS countries (Bra-
zil, Russia, India, Indonesia, China, and
South Africa), where the emphasis even
more clearly has shifted to renewable
energy in recent years.

Figure 2. Patenting activity in environmental technologies (no. of EPO applications)
Source: OECD PATSTAT; Note: Based on application year
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Are increasing investments and patent-
ing, especially related to renewable en-
ergy, spurring green growth? The an-
swer to this question significantly de-
pends on the capabilities of companies
and governments to appropriate these
investments and patents through inno-
vation. The OECD is engaging govern-
ments to make this happen. Accord-
ing to the OECD, ‘green growth can be
seen as away to pursue economic growth
and development, while preventing envi-
ronmental degradation, biodiversity loss,
and unsustainable natural resource use”.
Green growth can benefit from consist-
ent and coherent environmental pol-
icies such as carbon pricing, environ-
mental regulations, and tax incentives.
However, traditional measures may
stimulate incremental innovations but
cannot necessarily sufficiently contrib-
ute to innovation of the more radical
kind that is needed for a transition to-
wards a greener economy. This transi-
tion has to involve a combination of in-
cremental, radical, and system-level in-
novations that not only increase ener-
gy efficiencies but also promote envi-
ronmental technologies and renewable
energy in particular.

In the wake of the economic crisis,
governments around the world have
included significant investments in en-
vironmental technologies as part of
their stimulus packages. These invest-
ments range from 188 to 480 billion
USD in total as add-ons to the rapidly
increasing overall investments in this
area. While Japan and European coun-
tries individually were first movers with
their stimulus packages, China and Ko-

rea embarked on a similar track soon
thereafter. Furthermore, both the Chi-
nese and Japanese stimulus packages
have been extended and modified fur-
ther towards supporting environmen-
tal technologies. In the US,, the presi-
dential election delayed the launch of
the US. stimulus package (the "Ameri-
can Recovery and Reinvestment Plan”)
until February 2009. Modifications and
additions of many of these (and other)
stimulus packages have been under-
taken during 2009-2010.
Unfortunately, assessments of the
potential of these stimulus packages
to yield green growth in the countries
concerned are rather pessimistic. Cli-
mate-friendly stimuli in areas like ener-
gy efficiency in construction and trans-
port are likely to be outweighed by oth-
er spending in construction of, e.g.,, new
roads and other ‘shovel-ready’ projects,

which may bring short-term employ-
ment benefits but at the cost of long-
er-term climate change reduction. Fur-
thermore, most countries focus their
green measures on only a few envi-
ronmental technologies (such as ener-
gy efficiency in construction and cars)
while ignoring more forward-looking
and transformative renewable energy
technologies. In the end, the effective-
ness of these schemes will depend on
how they are implemented, and in par-
ticular, which environmental criteria are
included in specific project funding se-
lections.

How should policies for greener
growth look like to deliver combina-
tions of incremental, radical and sys-
tem-level innovation that could pave
the way for a more fundamental tran-
sition towards greener growth? The
OECD is addressing these questions in

the private sector

markets and networks

being updated
Source: OECD (2010)

Key policy factors for green growth

e |nvestments in research to help address global challenges, foster
technologies and options that are considered too risky or uncertain for

e Fostering greater impact from general purpose technologies such as
ICT, bio- and nanotechnologies e.g. through smart grids, efficiency
improvements, new materials, enabling cradle-to-cradle

o Diffusion of innovation e.g. through the development of knowledge

e Entrepreneurship policies aimed at experimentation and
commercialization of new innovations

e Policies to support new business models related to eco-innovation

e Demand-side policies to strengthen markets for green innovation
e.g. through regulations, standards, public procurements

e Consumer policies to encourage changes in consumption patterns

e FEvaluation and policy learning - a long term agenda that is continuously




a recent horizontal project to develop a
Green Growth strategy. The argument
is that a substantial transformation of
consumption behaviour, industry struc-
tures and technologies are needed. It is
argued that the still ongoing economic
crisis could create room for policies that
could support such more radical sys-
tem level innovations, without which a
transition towards greener growth will
not be possible. Traditional market in-
struments, such as carbon pricing and
tradable pollution permits can provide
important incentives for green innova-
tion but they will not suffice. Instead a
more comprehensive policy approach
is being proposed that also consid-
ers research needs, international col-
laboration, eco-innovation and relat-
ed business models, enabling technol-
ogies and infrastructures, smart regula-
tion and public procurement (see Box
1,p.11).

The most recent national strategy, from
2008, aims for having a 38% share of re-
newables of total Finnish final energy
consumption by 2020. This ambitious
aimis also in line with EU targets.
Altogether some 245 million eu-
ro of Tekes investments in 2010 is chan-
nelled to environmental technologies
and Finland supports environmental
technologies on a broad front. Priorities
have traditionally reflected the need for
cost-efficient energy within process-in-
tensive industries which are in abun-
dance. According to the OECD Envi-
ronmental Performance Review (OECD,
2009) Finland could do more to pro-
mote eco-innovation through e.g. green

procurement, environmental labelling
and the active involvement of business
and other stakeholders, and consider
how environmental policy instruments
could be better aligned with innova-
tion policy (and vice versa) to promote
innovation. Accordingly, Finland is not
yet endowed with a clear and explicit
strategy and policy for greener growth
despite many like-minded initiatives. A
new and interesting development in
this context is the Green Growth pro-
gram launched by Tekes, the Finnish
Funding Agency for Technology and In-
novation (see Box 2).

Which is the position of Finland in
the changing environmental technolo-

Tekes Green Growth programme 2011-2015

The aim of the Green Growth programme is to identify potential new growth
areas for the sustainable economy business, which are essentially based on
lower energy consumption and sustainable use of natural resources. The pro-
gramme aims at a leap forward in energy and material efficiency of produc-
tion and service chains over the entire life span of products.

The programme will start with a large-scale anticipatory part aiming to
recognise the impacts of climate policy control measures, scarcer natural re-
sources and changes in consumer behaviour on business life over the long
term. In the second phase of the programme, this preliminary information will
be translated into development projects in companies.

The programme is aimed for companies seeking to grow or renew their
business in the face of changes in energy and raw material prices and impacts
of laws and regulations. The programme will support the generation of new
innovations especially on boundaries between sectors, as future sustainable
economy solutions will not be defined by traditional sectoral divisions. Re-
search organisations will play an important role in generating new anticipato-

4 Finland has strengths
in environmental
technologies but lacks
a clear specialization
in renewable energy

In Finland environmental technologies
have been promoted within the broad-
er context of the so-called National Cli-
mate and Energy Strategy in line with
guidelines laid down by the UN Frame-
work Convention on Climate Change,
including specific initiatives undertak-
en by the EC (such as the Environmen-

tal Technologies Action Plan (ETAP)).
The key objectives of the strategy have,
already for many years, been to increase
energy efficiency throughout the econ-
omy as well as to increase the develop-
ment and use of renewable energy.

ry information and skills.

The programme measures will also require close-knit cooperation be-
tween Ministries, the Academy of Finland and Centres of Expertise. Strategic
Centres for Science, Technology and Innovation may also prove a significant
partner in producing and making use of the anticipatory information.




gy landscape in terms of patenting and
where could new opportunities arise
in this area? By international compari-
son Finland is relatively well positioned
in the environmental technology area
by overall levels of patenting activity and
belongs to the league of top 25 coun-
tries by the absolute number of pat-
ents. Nonetheless, the position is more
worrying in terms of the distribution of
these patents. Finland does not emerge
as a country with a specific specializa-
tion profile generally speaking neither in
relation to renewable energy technolo-
gies where most growth in investments
and patenting can be detected globally.
This contrasts e.g. with the specialization
profile of countries such as Austria and
Australia (hydropower), Denmark (wind
technology), and the UK (ocean technol-
ogy). Furthermore, a partial Finnish spe-
cialization in wind technologies appears
to have eroded over time.

There are a total of 125 compa-
nies behind these environmental pat-
ents. Of the more environmental tech-
nology-oriented of these Finnish com-
panies, a majority are in the machin-
ery industry. The company size distri-
bution is rather skewed and dominat-
ed by a few large companies. The small-
er companies have often been found-
ed around an innovative individual as
a spin-off or spin-out from research or
other companies. The economic signif-
icance of these companies is relative-
ly noteworthy, accounting for approx-
imately 12,094 employees and 3.5 EUR
billions in sales.

The economic significance of
Finnish environmental technologies
should also be assessed by the degree
to which they find industrial applica-
tions throughout the economy. The
125 companies involved in environ-

mental technology patenting are affil-
jated with a wide range of different in-
dustries beyond the machinery indus-
try as the main one. This diversity sug-
gests that environmental technologies
appear to be finding realized or poten-
tial application opportunities in many
different types of industries through-
out the economy. Accordingly, there
may also be a range of different com-
mercialization paths where different
types of companies (also smaller com-
panies) can play different roles.

Traffic and logistics have gained a lot
of attention in discussions on green
growth in many countries, especially in
the context of the stimulus packages.
This is also true in Finland, even though
the stimulus package that was intro-
duced as a supplement to the budg-
et bill in 2009 does not include many
green components. The reason for an
interest in traffic and logistics is that
the role of transport in CO, emissions
is significant (26% in Finland in 2009,
of which a majority is from road trans-
port alone). Furthermore, the econom-
ic crisis hit the automotive industry hard
in the U.S. and in Europe. At the same
time, some new promising opportu-
nities have emerged for transforming
road transport vehicles in a more sus-
tainable direction by more efficient
combustion engines, biofuels and elec-
tric motors.

Although Finland is not special-
ized in the automotive and oil indus-
tries, the development of biofuels and

electric vehicles has been quite notice-
able even though electric vehicle tech-
nologies probably are not captured in
the patent-based OECD definition of
environmental technologies. The larg-
est Finnish oil company, Neste Oil Oyj,
has invested in biofuel refineries in Fin-
land and abroad, based on its techno-
logical expertise. A new entrant in the
oil business, St1 Oy, has developed a
new method to produce ethanol from
food industry waste. The Finnish pulp
and paper companies have investigat-
ed possibilities to build new biodiesel
plants based on wood feedstock. As for
electric vehicles, the only Finnish pas-
senger car manufacturer — Valmet Au-
tomotive — has started to make electric
vehicles for its business customers in
Norway, Denmark, and the US.A. Some
other companies have invested in de-
veloping batteries, charging equip-
ment, and infrastructure systems. These
corporate initiatives have led the Minis-
try of Employment and the Economy,
together with Tekes, to start developing
anew electric vehicle cluster in Finland.

The emergence of the Finnish
electric vehicle cluster has been main-
ly based on national and relatively small
initiatives by old large companies, new
small companies, research and educa-
tional institutions, and a user commu-
nity. It has also been supported by sev-
eral public innovation policy initiatives.
Compared to the biofuel development,
there are some clear differences. Biofu-
el development has been more direct-
ly driven by the EU and by climate and
energy policies, compared to the devel-
opments in the electric vehicle cluster.
Companies in the biofuel and electric
vehicle fields are totally different. On-
ly ministries, Tekes, and the VTT Techni-
cal Research Centre play roles in both




sectors. For example the TransEco pro-
gramme initiated by VTT Technical Re-
search Centre in 2009 on energy effi-
ciency and renewable energy in road
transport covers both advanced biofu-
els and technology for hybrid and elec-
tric vehicles, as well as ICT solutions for
road transport.

An interesting question is wheth-
er biofuels and electric vehicles can
contribute to green growth in Finland.

Based on the empirical evidence and
the visions of interviewed persons in
different organizations, we can give a
positive answer. In the short term, in
the 2010s, both biofuels and electric
vehicles offer new business possibili-
ties to Finnish firms. However, the pre-
requisite is that the second-generation
biofuel technologies (mainly based on
wood and waste) prove to be successful
and that in the electric vehicle cluster,

Table 1. Major EU and Finnish policy instruments creating markets and activities for
green innovations in the transport sector

Policy instrument

Major examples

Main policy
target group

General climate change
policy instruments

EU: climate and energy package
(20-20-20 targets)

The transport sector
as a whole

Binding objectives for
CO, emissions of cars

EU: Specific emissions of new cars
sold on average 130 g/km in 2015
and 95 g/km in 2020 (Regulation
443/2009/EC)

European car
manufacturers

Mandatory share of
biofuels

EU: share of renewable energy

and biofuels 10% by 2020

(Directive 2009/28/EC)

Finland: 20% by 2020, 6% 2011-
2014 (Biofuel distribution obligation)

Fuel distributors

Research programmes

EU: e.g, Green Cars Initiative
Finland: Tekes: BioRefine — New
Biomass Products 200712,

Fuel cell 2007-13, TransEco 2009—
2013, Electric Vehicle Environment
2011-15

Research institutions,
companies, cities

Demonstration and
investment and support

EU: NER300 Initiative

Finland: Investment support by
Ministry of Employment and
the Economy

Companies
(e.g., biofuel refineries)

grants and tax credits for the purchase
of new electric (e.g., France) or flexi-
fuel vehicles (e.g., Sweden)

Finland: not yet

Changes in taxation Finland: car taxation reform 2008— Users of cars
2011
Other support Some countries have established Users of cars

companies succeed in using the home
market as a good demonstration case
to develop export products and busi-
ness alliances with foreign companies
in the industry.

In the short term, the increasing
use of biofuels (and to some extent
electric cars) plays a role in achieving
Finnish climate policy objectives. Yet a
major role is played by more efficient
motors, smaller cars, and hopefully al-
so by an increasing use of public trans-
port, cycling, and walking in urban are-
as. Public transport and related technol-
ogies also offer business opportunities
to Finnish companies, opportunities
which have not been fully recognized.
In the long run, it is expected that elec-
tric vehicles will play a greater role than
biofuels in achieving the very demand-
ing climate policy targets for 2050.
Therefore, it is important that policies si-
multaneously support incremental and
radical innovations and that in the fu-
ture, solutions are not only sought by
developing more efficient vehicles but
also by focusing on the whole transport
system and mobility needs.

The case of biofuels and electric vehi-
cles provides some in-depth snapshots
of attempts in Finland to promote more
radical and system-level innovations in
the logistics and transport sector. Spe-
cifically, in addition to progressive tax-
ation, new kinds of measures to affect
consumer behavior need to be devel-
oped. Mere information on the bene-
fits of small cars, diesel cars, hybrid cars,



electric cars, etc, is not sufficient. Con-
sumers seek comfort, safety, luxury, de-
sign, and “status” when purchasing a
car. Car manufacturers are key players
in this: they act when the support for a
certain technology is sufficiently stable.
Further, fuel distribution infrastructure
may not develop because the number
of compatible cars is small, and vice
versa. One possibility is public procure-
ment. Purchasing new vehicle types for
special purposes and visible uses gives
rise to an improved infrastructure and
sets an example for car users.

There seems to be a risk in Finland
that the mitigation of climate change
in private passenger transport is seen
as a competition between biofuels
(combined with improvements in the
combustion engine) and electric vehi-
cles. Instead, the greening of road traf-
fic should be based on a roadmap from
the combustion engine vehicles to sus-
tainable future mobility solutions that
we may not even recognize yet. Re-
liance on a single dominant solution
may run the risk of becoming locked
into heavy investment in production
facilities or dependence on a given in-
frastructure limits the possibilities of fu-
ture development. In addition to this,
the improvement in private cars should
be accompanied by support for public
transport, where there also are Finnish
business opportunities.

Engine development is expected
to contribute to the estimated reduc-
tion of greenhouse gases of traffic by
about 60%. Biofuels offer an easy tran-
sition contributing to this development
without a need for a major change in
either distribution infrastructure or car

fleet. However, one major challenge is
the availability of raw materials. Palm
oil as biodiesel raw material and sug-
ar-cane-based ethanol are not feasible
sources of bioenergy for Finland in the
long run due to various sustainability
concerns. Therefore, the on-going re-
search looking for new raw materials
for biodiesel production, like jatropha
and microbial biomass, should be con-
tinued intensively. Cellulosic and wood-
based raw materials could also offer a
domestic and sufficient source of biofu-
el raw materials insofar as this raw ma-
terial could be domestically produced.

The potential of electric vehicles
to reduce greenhouse gas emissions
is better than biofuel-based transport,
as their energy efficiency is better “from
well to wheel” than that of combus-
tion engine cars. There seems to be a
general agreement on the importance
and export potential of components
and infrastructures for electric vehicles.
However, it has also been argued that
the business advantage of support for
electric vehicles leaks out of Finland,
as there is no significant car manufac-
turing in Finland. Therefore the sup-
port should not be solely directed to
the use of electric cars (e.g., in the form
of specific lanes), but also to a large ex-
tent to the development of a proper in-
frastructure for charging and maintain-
ing the cars.

In summary, promoting green
growth will also require new policy ap-
proaches compared to‘business as usu-
al. Incrememtal innovation along exist-
ing technological trajectories will not
suffice. More radical and system-lev-
el innovations of the more transforma-

tive kind will also be needed. To achieve
such innovations synergistic and mutu-
ally reinforcing developments in differ-
ent areas have to be set in motion. The
cases of Finnish biofuels and electric ve-
chicle highlight R&D programmes, tax-
ation and performance targets, as well
as consumer preferences as some of
the key policy areas to be considered.
The case studies point to the benefits
of such broad-based policy approach-
es although it is far too early to judge
whether one or the other of these tech-
nologies really will take off and diffuse
more widely in Finland. The Finnish
path towards greener growth is not yet
fully visible and it is still unclear which
environmental technologies could pro-
vide a platform for more radical and sys-
tem-level innovation. Nonetheless, in-
teresting new initiatives and a commit-
ment towards these aims seems to be
emerging currently.
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Christopher Palmberg and Tuomo Nikulainen

Climate change is currently one of the
major global challenges that the world
faces. The United Nations has played
a key role in raising awareness of the
causes of climate change and its impact
on society mainly through the work of
its Intergovernmental Panel on Climate
Change (IPCC), which was established
in 1998. Meanwhile, leading econo-
mists have approximated the effects of
climate change on the world economy,
projected the investments that have
to be made to limit climate change to
manageable levels, and highlighted the
complex policy challenges involved in
a transition towards a greener low-car-
bon economy. (See the Stern Review on
the Economics of Climate Change and
Stern (2007).)

While concerns about climate
change and sustainable development
in general have existed for decades, re-
cent developments have elevated en-

vironmental ‘green’ technologies to
the top of innovation policy agendas
around the world. Environmental reg-
ulations are tightening in line with in-
ternational treaties (such as the Kyoto
protocol to the UN Framework Conven-
tion on Climate Change) and regional
legislation (e.g., the EU), while consum-
ers are becoming increasingly wary of
sustainability issues. As a consequence,
companies are seeing new business op-
portunities in environmental technolo-
gies and engaging in eco-innovation.!
Only time will tell to what degree
(and which) environmental technolo-
gies will define the next wave of inno-
vation. What is clearer is that there cur-
rently is a significant push towards stim-
ulating innovation related to emerging
environmental technologies. R&D in-
vestments in these and related fields
have already been growing for some
time. However, the recent focus on en-
vironmental technologies in stimu-
lus packages has raised environmen-

tal technology investments to unprec-
edented levels. There are expectations
that these investments will also contrib-
ute to economic growth that is greener
than in the past.

Given these developments, inno-
vation policies are now under pressure
to capitalize on investments and de-
fine priorities in the application of envi-
ronmental technologies to boost both
competitiveness and environmental-
ly sustainable eco-innovation. They are
seeking to align framework conditions
and business environments with specif-
icities of eco-innovation and key char-
acteristics of environmental technolo-
gies.

The overreaching aim of this sec-
tion is to review previous studies with
an eye to clarifying the impact of
mounting environmental investments
as well as how Finland is positioned in
the rapidly expanding global environ-
mental technology landscape from the
viewpoint of patent data.

1 The EU Environmental Technology Action Plan (ETAP) defines eco-innovation as “the production, assimilation or exploitation of novelty
in products, production processes, services or in management and business methods, which aims, throughout its life cycle, to prevent or
substantially reduce environmental risk, pollution and other negative impacts of resource use (including energy)”(see Carrillo-Hermosilla

et al. (2009) for alternative definitions).



2 Environmental
technology
investments globally

Sustainable development and concerns
over climate change and the environ-
ment generally have been topical is-
sues for decades and environmental
technologies have been already pro-
moted for some time. Companies have
also been active, as evidenced by, eg.,
the proliferation of Cleantech partner-
ships, clusters, and associations all over
the world.

Environmental technologies com-
prise a broad set of technologies whose
delineation is tricky, and indicators to
monitor developments are hard to de-
velop and compile. Technology and in-
novation researchers usually stress the
importance of measuring activities all
along the innovation chain, from R&D

inputs (mainly R&D investments) and
intermediate outputs (publications,
patents, new companies, etc.) to inno-
vations and new products as the final
outputs (see Godin 2005). This chapter
does not assume a linear causality from
R&D inputs to innovation outputs. How-
ever, it refers to R&D investment data to
highlight trends in the dedication given
to environmental technologies while
turning to patent data for a rough indi-
cation of areas where technological and
competence developments are partic-
ularly rapid. These data together con-
stitute a good setting for analysing the
position of Finland in the environmen-
tal technology field.

One specific sub-sector within en-
vironmental technologies with a fair
amount of information available is re-
newable energy. The annual Global
Trends in Sustainable Energy Invest-

Figure 1. Global investments in renewable energy technology

(Source: UNEP and NEF, 2010)
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ments report, compiled by the UNEP’s
Sustainable Energy Finance Initiative in
collaboration with New Energy Finance
Ltd,, is one of the most authoritative
data source for tracking environmental
technology investments globally (see
http://www.newenergyfinance.com/).
These reports draw on the world's larg-
est database of renewable energy in-
vestments since the year 2000. It cov-
ers investments by venture capitalists,
companies, and joint ventures as well
as public sector organizations, there-
by giving the broadest possible view-
point of these investments. The data-
base enables the breakdown of invest-
ments by type, technology, regions and
countries. Nonetheless, disclaimers al-
so apply, especially since these data are
drawn from a broad range of miscella-
neous public sources, whereby issues
related to definition, data coverage and

Corporate, government R&D

M Financial sector R&D



http://www.newenergyfinance.com/

completeness have to be taken into ac-
count. It should also be stressed that re-
newable energy is merely a sub-area of
environmental technologies as a broad-
erfield (the latter also includes air pollu-
tion control, waste and water manage-
ment, and other more traditional areas).

Figure 1 provides an overview of
global investments in renewable en-
ergy technology since 2002. It distin-
guishes between investments origi-
nating in the financial sector (third-par-
ty funding by banks, etc.) and intramu-
ral R&D investments by companies and
the government, including small resi-
dential projects. Overall, there has been
growth in renewable energy invest-

ments throughout, and these invest-
ments have accelerated significantly
since the mid-2000s. The lion’s share of
these investments originates in the fi-
nancial sector while the role of intramu-
ral company and governmental R&D is
still relatively small. The overall growth
in investments is therefore mainly driv-
en by increasing asset-based funding,
although VC is the single most rapidly
expanding source of investments over-
all (37% growth from 2007 to 2008).

As shown in Figure 2, wind power
attracted the highest share of new in-
vestments in renewable energy tech-
nologies during the last two years, con-
firming that this field remains the best

Figure 2. Distribution of global investments in renewable energy technology in 2008
and 2009 by technology field (Source: UNEP and NEF (2010))

Wind

Solar

Biofuels

Biomass

|

Marine,
small-hydro

Geothermal

Energy
efficiency

Other

2008

I 2009

o
—_
o

20

30

%

40 50 60

established and most mature of the
renewable energy technologies. So-
lar power (primarily photovoltaics, or
PVs) reached second place despite a
decline in 2009, followed by biofuels,
while investments in biomass, marine
& small-hydro, geothermal power, and
energy efficiency accounted for much
smaller shares. Furthermore, analyses
of trends show that PVs have seen the
fastest overall growth in terms of in-
vestments, with a compound annu-
al growth of 70% between 2006 and
2008 (e.g. excluding the crisis year of
2009). On the contrary, biofuels have
experienced a decline in investments
during recent years, especially relat-
ed to first-generation biofuels, which
have suffered from a combination of
higher wheat prices, lower oil prices,
and an increasingly heated food-ver-
sus-fuel controversy.

A breakdown by geographical
region (Figure 3) shows the contin-
ued dominance of Europe, with a 37%
share of global renewable energy in-
vestments in 2009, followed by Asia
& Oceania (34%) and North America
(17%), and South Africa (10%). Accord-
ing to UNEP & New Energy Finance
(2010), the differences (especially be-
tween Europe and the US.) can be ex-
plained by more extensive govern-
mental support for renewable tech-
nologies across European countries.
The U.S. has seen a slowdown in pri-
vate sector investments, especially
for biofuels, but also for wind and so-
lar power, the latter two fields having
suffered the most from the financial
crisis. Furthermore, in these regions,
tax-based incentives for investments
are more widespread while also be-
ing mostly inefficient in an economic



Figure 3. Global investments in renewable energy technology in 2008 by geographical

region (Source: UNEP and NEF, 2010)
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downturn. Nonetheless, UNEP & New
Energy Finance (2010) notes that in-
vestments in Asia and emerging econ-
omies (China, Japan, Australia, and In-
dia in particular) have increased signif-
icantly from previous years as renewa-
ble energy technologies have become
prioritized areas. In South America, Bra-
zil accounts for almost all investments
and these investments mainly relate to
first-generation biofuels (e.g., biodiesel,
vegetable oil, biogas, and bioalcohols).

The report focuses on the renewa-
ble energy sector but also places these
investments into an overall perspec-
tive by examining the contribution of
renewables to total new power capaci-
ties (e.g., including fossil fuel- or nucle-
ar-based power). From this perspec-

Europe

/'37%

North America
17 %

tive, renewable energy investments ac-
counted for a majority (around 60%) of
all energy investments in 2008, mean-
ing that over 40% of all actual power
generation capacity additions were re-
lated to renewable energy technolo-
gies. Renewable energy technologies
are therefore no longer a set of nice
technologies but part of the main-
stream energy sector. UNEP and New
Energy Finance (2010) also predicts
that investments in renewable ener-
gy are set to continue in 2011 and be-
yond as there will be a further scaling
up of societal commitments to a green-
er low-carbon post-crisis economy (ac-
cording to the report only some 9% of
green investments of stimulus packag-
es have been realized to date).

In summary, this chapter gives the
following insights:

e Globalinvestmentsin renewable en-
ergy have grown rapidly since 2002
despite a decline during 2008-2009
due to the economic crisis.

® Renewable energy currently ac-

counts for a majority of all actu-

al power generation additions, im-

plying that renewable energy tech-

nologies are becoming part of the
mainstream energy sector.

Wind power has attracted the larg-

est share of renewable energy in-

vestments followed by solar power
and biofuels, while solar power is the
fastest growing field.

e Furope has accounted for the largest
share of renewable energy invest-
ments followed by Asia & Ocean-
ia and North America, while invest-
ments in Asia and emerging econ-
omies have increased very rapidly in
recent years.

s Despite large additional environ-
mental technology investments, the
‘greenness’of these investments and
measures have been questioned in
recent assessments.

3 Increasing policy
support through
stimulus packages

The recent surge in environmental
technology investments (with renewa-
ble energy in the lead), combined with
increasing attention given to eco-inno-
vation in industry, is bound to bring en-
vironmental policy issues to the clos-
er attention of innovation policy. In ad-
dition to increasing focus on environ-
mental innovation in “traditional” inno-
vation policy measures, environment




has received a specific role in the vari-
ous stimulus packages that were intro-
duced during the recession of 2008—
2009. Global commitments (e.g., as de-
clared by the G20 countries) to stimu-
late economies through additional in-
vestments in environmental technolo-
gies were preceded by national debates
and stimulus packages, some of which
were already passed during the latter
part of 2008 as the magnitude of the fi-
nancial crisis became evident.
According to various estimates,
the stimulus packages will add another
188 t0 480 billion USD (the figures vary
across studies) during the next couple
of years to environmental technolo-
gy investments. However, there is large
uncertainty in this figure as the ‘green-
ness' of the stimulus packages are hard
to asses and many packages are only
now being rolled-out. And an entire-
ly different matter is the extent coun-
tries are able to develop complementa-
ry policy mixes to facilitate the industri-

al uptake of these investments and pro-
mote eco-innovation that is transforma-
tive enough to contribute to addressing
the challenge of climate change.

The primary quantitative esti-
mates include Robins et al. (2009), UN-
EP and NEF (2009, 2010). Robins et al.
(2009) is the most prominent and most
referred to.

Robins et al. (2009) arrive at a
grand total estimate for ‘green’ invest-
ments at 478 USD billion, correspond-
ing to 15.5% of all investments of the
economic stimulus packages world-
wide. This estimate is significantly high-
er than the 188 USD billion figure sug-
gested by UNEP and NEF (2010), prob-
ably because it covers a broader set of
environmental technologies. The study
by Robins et al. (2009) is not restricted
to renewable energy technology in-
vestments only. It is based on a system-
atic collection and analysis of individ-
ual country stimulus packages, as well
as subjective judgment of the ‘green’

Figure 4. Global distribution of 478 USD billion of green components of stimulus
packages by region (Source: Robbins et al.,, 2009)
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components of these monetary invest-
ments for an overall view across regions,
countries, and environmental technol-
ogy areas. The study thereby also cov-
ers a broader set of governmental pol-
icy schemes (such as tax incentives)
compared with the R&D investment re-
port of UNEP and New Energy Finance
(2010). It should also be noted that Rob-
ins et al. (2009) does not include the
most recent additional measures dur-
ing 2009 and 2010 (additions primarily
in France, the UK, and the second Ger-
man package).

Figure 4 shows how the green
components of the economic stimulus
packages are distributed globally by re-
gions. China and the U.S. dominate both
in terms of the size of their overall stimu-
lus packages (not shown in the figure) as
well as the share of green components
in these stimulus packages.

The case of China is particular-
ly interesting, and at least these es-
timates indicate that China appears
to be strongly dedicated to a green
growth strategy. Almost 40% of the Chi-
nese stimulus package is allocated to
‘green’ measures. The apparent green-
ness of the Chinese stimulus pack-
age also explains the proliferation of
the whole Asian region in this context,
both in terms of share of green com-
ponents as well as by absolute mone-
tary size. Nonetheless, the South Kore-
an “Green New Deal" passed in January
2009 is noticeable not only for its name
but also for being nominally the green-
est stimulus package in the world (see
Box 1 for the case of South Korea). Euro-
pean countries appear in Figure 5 with a
much smaller share, although it should
be noted that EU-wide green measures
are excluded from these data.



The South Korean economic stimulus packages and its green component

Korea suffered significantly from the financial and economic crisis of 2008 with a noticeable decline
in its GDP. South Korea is the 10th largest emitter of greenhouse gases although it is still classified as
a developing country under the rules of the UN and therefore does not yet have binding emission
caps. Despite this Korea has aggressively pursued emission cut targets, and counts as one of the pri-
mary example of a country which has endorsed ideas of a Global Green New Deal and Green Growth.
This is clearly demonstrated by its “Green New Deal” stimulus packages, launched in January 2009, of
which 80% has been estimated to relate to green measures. The package has nine core projects or-
ganized in four main themes:

e Conservation: green cars, clean energy and recycling

» Quality of life: green neighbourhoods and housing

s Environmental protection: revitalizing four major river and securing water resources

e Preparing for the future: IT infrastructure and green transport networks

At project level energy efficiency investments account for the main share of all green investments of
the Korean stimulus package, followed by water and waste-related investments (se pie chart below in
this box). These investments will cover internet infrastructures; building efficient, low-carbon transit
systems and establishing a low-carbon work environment. They will also target the development of
specific technologies such as high-efficiency solar batteries, LPG hybrid vehicles, highly efficient light
emitting diodes (LED) and an advanced electricity metering system as part of smart grids. In the back-
ground are also ambitions to create some 530 000 new jobs by 2013.

Source: Robins et al. (2009)

Breakdown of Korea's Green New Deal by technology area
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Figure 5. Share of green components of economic stimulus packages

(Source: Robins et al., 2009)
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Figure 5 shows the intensity of the
green investments and other measures
in relation to the overall size of the eco-
nomic stimulus packages of countries.
South Korea tops the list with an esti-
mated 80% share of green measures
out of the economic stimulus pack-
age passed in 2009. The figure also in-
cludes EU-wide stimulus packages with
their green measures in second place
followed by China. Beyond this, small-
er countries also rank high, with Nor-
way, Australia, and France as notewor-
thy examples. The remaining countries
have significantly lower intensities of
green measures in their stimulus pack-
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ages with shares around 10% or below.
Finland does not appear as an individ-
ual country due to the limited green
components in the economic stimulus
package passed in 2000.

The large share of the U.S. and Asia
of green components in stimulus pack-
ages is at odds with the dominance of
Europe in renewable energy technolo-
gy investments, which might indicate
that the massive governmental eco-
nomic stimulus packages in the US.
and Asia partly compensate for the rel-
atively poorer investment track record
of these countries in renewable energy
technologies in the past. For most other

countries, the share of measures to pro-
mote renewable energy play a relatively
smaller role, the average share devoted
to this field being only 8% (see Figure
6). Instead, altogether 66% of the green
components of all economic stimulus
packages are targeting energy efficien-
cy, including such traditional areas as
construction, low-carbon vehicles, and
rail- and grid-infrastructures (e.g., elec-
tricity smart grids). Water-related tech-
nologies come next, followed by other
low-carbon technologies and renewa-
ble energy technologies. Many of these
more traditional areas can also draw on
new and emerging technologies such
as nanotechnology, ICT, and biotech-
nologies.

Although any assessment of these
green stimulus measures are subjec-
tive and based on limited informa-
tion about intended (rather than real-
ized) policy objectives, they can pro-
vide at least some indication of wheth-
er the Green Growth strategies are real-
ly taking off. With these caveats in mind,
Hohne et al. (2009) arrive at rather dis-
couraging assessments. For quite a few
of the countries covered, the positive
climate-friendly stimulus in areas like
energy efficiency in construction and
transport is likely to be outweighed by
other spending in construction of new
roads and other ‘shovel-ready’ projects,
which may bring short-term employ-
ment benefits but at the cost of long-
er-term climate change reduction. Fur-
thermore, most countries focus their
green measures on only a few envi-
ronmental technologies - such as en-
ergy efficiency in construction and cars
- while ignoring more forward-look-
ing and transformative technologies.
Hohne et al. (2009) also note that the



Figure 6. Distribution of green components of economic stimulus packages by

technology area (Source: Robins et al.,, 2009)
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effectiveness of the schemes will de-

pend on how they are implemented

and which environmental criteria are
included in specific project funding se-
lections.

In summary, this chapter gives the
following insights:

e Economic stimulus packages to
tackle the current economic crisis
are adding an estimated 188-478
USD billion in environmental tech-
nology investments, or some 15%
of their total stimulus spending.

s Despite large additional environ-
mental technology investments, the
‘greenness’of these investments and
measures have been questioned in
recent assessments.
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4 Environmental
technology patenting
globally

4.1 Trends by technology
areas

The discussion above highlighted en-
vironment technology investment
trends. It identified a rapid increase in
renewable energy technologies in par-
ticular and suggested that investors are
seeing the largest opportunities in wind
and solar technologies. While no linear
causality from R&D inputs to innova-
tion outputs should be assumed refer-
ence here will be made to patent da-
ta for a rough indication of areas where

1 Formore on the methodology see Palmberg and Nikulainen (2010) Appendix 2.

technological and competence devel-
opments are particularly rapid against
the backdrop of environmental tech-
nology investments. Towards this end,
we rely on a patent based definition of
environmental technologies developed
by the OECD, which includes the fol-
lowing fields: air pollution control and
abatement, water pollution control (in-
cluding water and wastewater manage-
ment), solid waste management, and
renewable energy (see OECD (2009b)
and Johnstone et al. (2010)). Renewable
energy is further divided into six sub-
areas: wind, solar, geothermal, ocean,
hydropower, and biomass.!

The increasing public and private
investments in environmental technol-
ogies have, as discussed above, focused
on specific areas where the goal is ei-
ther to promote the diffusion of exist-
ing technologies or to provide incen-
tives for both public and private actors
to engage in innovative activities in
more novel areas, particularly in renew-
able energy sources. These investments
are also reflected in patenting activi-
ty where the most significant growth
has also occurred in renewable energy
technologies (Figure 7). It is thus worth-
while to look at the more detailed de-
velopment of renewable energy tech-
nology patenting in Figure 8 below.

From the figure it is evident that
the increasing role of this technology
area relates to only a few of the tech-
nologies. The growth of patenting in re-
newable energy relates to technologies
in the areas of biomass, wind, and solar.
The growth of patenting activity in bio-
mass technologies has been relatively
steady throughout the observation pe-




Figure 7. Patenting activity in environmental technologies (no. of EPO applications
(Source: OECD PATSTAT) Note: Based on application year
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Figure 8. Patenting activity in renewable energy (no. of EPO applications
(Source: OECD PATSTAT) Note: Based on application year
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riod, whereas activity in wind and solar
technologies has increased significant-
ly during the last years of the data. The
most significantincrease in patenting is
in solar technology. Going back to the
discussion of the global investments,
this corresponds well to accelerated in-
vestments in this field of environmental
technology. The remaining technology
areas in renewable energy have seen
limited or even marginal growth in pat-
enting. In geothermal, ocean, and hy-
dropower-related technologies, fewer
than one hundred patents have been
applied for annually during the last
years of data coverage.

4.2 The position of regions
and countries

The aggregate data discussed above
provides insights into overall envi-

ronmental technology trends, where-
as the activity levels in different ge-
ographical regions differ greatly, as
shown in Figure 9.

Looking first at the development in
EU (EU 27), itis clear that there has been
a shift from water pollution control and
solid waste management to air pollu-
tion control and renewable energy. A
similar trend emerges in Japan and the
U.S. Overall, the share of environmen-
tal technology patents is fairly similar
in these regions. Interesting exception
are the BRIICS countries (Brazil, Russia,
India, Indonesia, China, and South Afri-
ca). In these countries, the share of ac-
tivity in water pollution control and sol-
id waste management was significant
in 1996, but the emphasis has shifted
to renewable energy since then up un-
til 2006. This suggests that new actors,
in addition to the established ones, are

emerging in the field of environmen-
tal technologies, particularly renewa-
ble energy. Figure 10 provides more in-
sights into patenting activity in individ-
ual countries.

From Figure 10, it is evident that
EU accounts for a large share of inno-
vative activity in all four environmental
technology fields. The other two domi-
nant players are the U.S. and Japan, fol-
lowed closely by Germany. Interesting-
ly, the BRIICS countries emerge as im-
portant players in three of the technol-
ogy areas: water pollution control, sol-
id waste management, and renewable
energy. Finland’s position is fairly strong,
as it belongs to the top 25 countries in
all fields, even in absolute terms. If the
shares of Finland were presented in rel-
ative terms (for example per capita), the
performance of Finland would be even
higher in the rankings.

Figure 9. Patents in environmental technologies as a percentage of total PCT patent applications
(Source: OECD - Main Science and Technology Indicators, 2009b)
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Figure 10. Share of countries in environmental technology patents filed under PCT;Top 25 countries, 2004-06
(Source: OECD - Main Science and Technology Indicators, 2009b)
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4.3 The specialization of
countries

Whereas the discussion above provided
insights into the general development
of environmental technologies and po-
sitioned countries based on their ac-
tivity levels, a more detailed analysis is
needed to identify national strengths
ininnovative activity. For this reason, Ta-
ble 1 identifies the relative technologi-
cal advantage (RTA) of selected coun-
tries and compares the position of Fin-
land to them.2 An RTA index value high-
er than 1 indicates that a country has
relatively more patent applications in a
technology area and is thus compara-

tively more specialized in that area. To
make Table T more readable, we have
resorted to a simplified coding, where
X equals an RTA vale higher than 1, XX
equals an RTA value higher than 2, and
XXX equals an RTA value higher than 4.

Looking first at the technologi-
cal specialization of Finland over time,
it is interesting to observe clear differ-
ences between the 1990s and 2000s. In
the 1990s, Finland was relatively more
specialized in solid waste manage-
ment, biomass, and wind technologies.
In the 2000s, water pollution control
(including water and wastewater man-
agement) emerged as a specialization
field. Interestingly, in renewable energy

technologies, geothermal, hydropow-
er, and ocean technologies emerged
as specialization fields during the same
period. As these technologies are fair-
ly niche areas (see Figure 8), where
patenting activity is only very margin-
al, the specialisation in these technol-
ogies cannot be considered very sig-
nificant. Maybe the most interesting
change relates to wind technologies. In
the 1990s, Finland seems to have been
very specialized in wind technologies,
but in the 2000s, this advantage has
been lost. This development may relate
to the increasing patenting activity in
other countries but also to diminishing
activity in Finland in the 2000s.

2 The results are presented in greater detail in Palmberg and Nikulainen (2010) particularly in Appendix 3.



Table 1. Summarized RTAs in environmental technologies for selected countries (1990-

2007) (Source: OECD PATSTAT)
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Air pollution control X X | X
Solid waste management | X X | X X
Water pollution control X X X | X | X X | X|X X
Total - Renewable energy | X X X X | X X | X
Biomass X | X | X X | X X | X
Geothermal X XX X X | X
Hydropower X XXX | XXX X
Ocean X | X | XX | XX XX | XXX XX
Solar X X X
Wind XX X X | XXX X

Note I: X — RTA higher than 1; XX — RTA higher than 2; XXX — RTA higher than 4.
Note Il: An RTA index value higher than 1 indicates that a country has relatively more patent
applications in a technology area and is thus viewed to be more specialized in that area.

Looking at Finland’s technological
specialization for the entire observation
period (1990-2007), it seems that tech-
nological specialization prevailed in sol-
id waste management, water pollution
control, biomass, ocean, and wind. In
comparison to other countries, inter-
esting differences emerge. While simi-
lar profiles to Finland exist, many of the
countries seem to be very specialized
(RTA higher than 2) in specific environ-
mental technologies.

Austria, for example, is specialized
in somewhat marginal renewable en-
ergy technologies: geothermal, hydro-
power, and ocean. Australia is very spe-
cialized in hydropower and ocean tech-
nologies. Denmark has a long history in
wind technologies, which is evident
from its RTA specialisation profile. In ad-
dition, Denmark is highly specialized in

ocean technologies. The UK is very fo-
cused on ocean technologies, as is Swe-
den.These findings invite further explo-
ration into the national activities in the
highly specialized technology areas.

To address the national specialisa-
tion in greater detail, company concen-
trations in patenting is addressed to as-
sess whether a high focus in specific en-
vironmental technology areas is based
on the activities of a single company or
a broader set of companies potentially
forming a technologically oriented clus-
ter. Table 2 sheds light on this aspect in
the context of the countries with a par-
ticularly high specialization in a specific
technology area.

The results provide more detailed
insights into the general results based
on the RTA indexes. It seems that very
high specialisation in many countries
relates to the activities of a small group
of companies. Only in two cases can a
larger cluster of companies be identi-
fied: a wind technology cluster in Den-
mark with 19 individual companies and
an ocean technology cluster in the UK
with 29 individual companies. In both
of these countries, there is a strong in-
dustrial tradition within the respective
technology areas, which has been cou-
pled with activity policy efforts.

Table 2. Industry concentration in highly specialized technologies in selected countries

(Source: OECD PATSTAT)

Country Technology RTA index Companies
Austria Geothermal 273 5
Austria Hydropower 771 3
Austria Ocean 2.68 4
Australia Hydropower 440 4
Australia Ocean 31 5
Denmark Ocean 240 2
Denmark Wind 8.12 19

UK Ocean 4.06 29
Sweden Ocean 240 4




In summary, this chapter gives the
following insights:

s Investment trends are also reflected
in patenting, although no linear cau-
sality between the two should be as-
sumed. Within environmental tech-
nologies, renewable energy has ex-
perienced the most rapid patenting
growth over time.

e The rapid growth in renewable en-
ergy patenting can mainly be traced
to wind and solar power; solar pow-
er has also been subject to a rapid
growth in investments.

s The share of environmental technol-
ogy patenting of total patenting is
similar across regions of the world,
even though the BRIICS countries
are emerging as comparatively rela-
tively more active in this area.

s Finland is comparatively well-posi-
tioned in environmental technology
by overall levels of patenting activi-
ty, but does not emerge as a country
with a specific specialization profile
in the area generally speaking nor
in the rapidly expanding field of re-
newable energy.

5.1 Recent policy
developments related
to environmental
technologies

In Finland, as in many other countries,
issues related to climate change have
been closely intertwined with those of
energy. The promotion of Finnish envi-
ronmental technologies has thus taken
place within the broader context of the
so-called National Climate and Energy
Strategy. This strategy is largely formu-

lated in line with guidelines laid down
by the UN Framework Convention on
Climate Change as well as the Europe-
an Union, including specific initiatives
undertaken by the EC (such as the En-
vironmental Technologies Action Plan
(ETAP)). For many years already, the key
objectives of the strategy have been to
increase energy efficiency throughout
the economy and to increase the de-
velopment and use of renewable en-
ergy. The most recent national strategy,
from 2008, draws on policies of the EC
and sets a 38% target for the share of
renewables of total Finnish final ener-
gy consumption by 2020 as one impor-
tant goal towards complying with the
UN Kyoto protocol (VNK, 2008).

The main ministerial policy actors
related to environmental technologies
are the Ministry of the Environment and
the Ministry of Employment and the
Economy (MEE). These ministries col-
laborate in overlapping areas through
various committees, panels and other
types of forums (see Lemola et al, 2010).
However, the Ministry of Environment
is mainly involved in regulatory mat-
ters and in developing broader guide-
lines for energy efficiency in alignment
with international climate change trea-
ties and policies (such as the Kyoto pro-
tocol). The MEE has a more significant
role in promoting environmental tech-
nologies, including renewable energy.
This role is also a consequence of MEE
having a key role in the formulation of
innovation policy, which has also rec-
ognized environmental technologies
as key drivers for innovation. Howev-
er, according to Kivimaa and Mickwitz
(2006), further integration of environ-
mental and innovation policies in Fin-
land would be desirable in order both

to streamline policies and to better re-
alize emerging opportunities related to
environmental technologies.

Subordinate to MEE, the main or-
ganizations and institutions involved in
environmental technology promotion
and research include the Finnish Fund-
ing Agency for Technology and Inno-
vation (Tekes) and the Technical Re-
search Centre of Finland (VTT). Tekes is
the main R&D funder in Finland and has
also played a key role in funding envi-
ronmental technology programs and
projects. (See Table 3 for a list of recent
Tekes programmes.) VTT is the main
public R&D organizations and an impor-
tant partner in environmental technolo-
gy programs and projects. Tekes focus-
es on applied research while the Acad-
emy of Finland has also funded several
research projects in this area. The Min-
istry of the Environment also commis-
sions research relevant to environmen-
tal technologies, the most recent ex-
ample being the Environmental Cluster
Programme, which has been running
since 1997. This programme has been
co-funded by the ministries of Environ-
ment, Employment and the Economy,
Tekes, and the Academy of Finland.

In addition, some public funding
for environmental technologies is also
channelled through the so-called SHOK
and Strategic Centre of Centre of Excel-
lence Program (OSKE) programs. The
SHOK program is based on close co-
operation between industry, universi-
ties, and research organizations as well
as public R&D funders (Tekes plays an
important role also in these programs)
with the aim to allocate R&D resources
in close alignment with needs especially
from the viewpoint of significant com-
panies and industrial areas of strength



Table 3. Recent Tekes programmes related to environmental technologies

Program name Years Volume Focus technology areas
(million EUR)
BioRefine 2007-2012 200 New, biomass-based products
Climbus 2004-2008 70 Cost-effective, climate-friendly technologies
Climtech 1999-2002 5 Technology and climate change
Code 1999-2002 14 Modelling of Combustion Processes
Cube 2002-2006 40 Building services technology
Densy 2003-2007 56,7 Distributed energy systems technology
Fine 2002-2005 26 Particles technology, environment and health
Fusion 1999-2002, 2003-2006 18 Applications and technology of fusion power
Green Growth 2011-2015 79 Climate change and market change
Jétteen energiankdytto 1998-2001 17 Solutions for integrated energy (material recovery,
municipal/industrial waste)
Kestava yhdyskunta 2007-2012 100 Sustainable development in real estate and
construction clusters
Polttokennot 2007-2013 144 Products and services based on fuel cell technology
Promotor 1999-2003 51 Technology of internal combustion engines
Prosessi-integraatio 2000-2004 23 Planning, management, and use of industrial processes
Puuenergia 1999-2003 42 Wood energy
Puupolttoaineiden 2002-2006 13,6 Production and use of wood-based fuel
pientuotanto ja -kdytto
Streams 2001-2004 273 Recycling technologies and waste management
Tulisija 1997-1999 14 Wood-firing technology (higher efficiency, lower emission)
Uusiutuva energia- Groove 2010-2014 95 Renewable energy

(Nikulainen and Tahvanainen, 2009).
The SHOK programs were launched
in 2007-2009 and consist of six secto-
ral programs of which several are rele-
vant to the application and commer-
cialization of environmental technol-
ogies (e.g., FIMECC related to machin-
ery and equipment, Metsdklusteri relat-
ed to forestry-based industries, RYM re-
lated to the built environment, SalWe
related to health and well-being, and
TIVIT related to electric engineering).
However, the CLEEN SHOK programme
is of primary relevance to the environ-

mental technology field. CLEEN com-
prises a cluster of 40 major Finnish com-
panies in the area of energy and envi-
ronmental technologies (Halme, 2010).

The OSKE programs represent a
new policy initiative to increase region-
al specialization and to strengthen co-
operation and coordination between
regions. It involves 13 so-called Com-
petence Clusters and 21 regionally as-
sociated Centres of Expertise with the
idea that these clusters and centres can
increase critical mass for innovation in
various technology areas and applica-

tion fields as a basis also for interna-
tional competitiveness. Again, environ-
mental technologies can find applica-
tion in many of these clusters and cen-
tres. Nonetheless, two of these Compe-
tence Clusters focus on environmental
technologies per se, namely the Energy
Technology Cluster and the Cleantech
Cluster. The Energy Technology Clus-
ter consists of Centres of Expertise in
Western Finland, the Jyvaskyla region,
North Karelia, Satakunta, and Tampere,
with a focus on bioenergy, decentral-
ised energy production, energy solu-




tions for industries, and electrical en-
gineering. The Cleantech Cluster cov-
ers around 60% of the Finnish clean-
tech business and some 260 companies
(many of which are SMEs). It consists of
Centres of Expertise in the Kuopio, Lah-
ti, Oulu, and Helsinki regions with a fo-
cus on ICT-related environmental tech-
nologies; environmental monitoring; cli-
mate, air quality and health and environ-
mental informatics. Activities in the Lah-
ti Centre of Expertise also focus on capi-
tal venturing and the promotion of envi-
ronmental technology-based entrepre-
neurship. The Environment Programme
2004-2007 and on-going Energy Pro-
gramme by Sitra, the Finnish Innovation
Fund, has also played an instrumental
role in promoting environmental tech-
nologies and related Cleantech initia-
tives in Finland.

Tekes channelled 245 EUR million
in 2010 to energy- and environmen-
tal technologies through various pro-
grams and initiatives, and these invest-
ments have also experienced signifi-
cant growth in Finland since 2006 (Fig-
ure 11). This sectoral breakdown sug-
gests that Finnish policies support en-
vironmental technologies on a broad
front. However, in contrast with inter-
national trends in environmental tech-
nology investments, renewable ener-
gy does not appear to be a particularly
prioritized area to date. Indeed, Finnish
R&D priorities in recent technology pro-
grams have been in the areas of energy
efficiency rather than more transforma-
tive technologies related to renewable
energy (see Vanhanen et al,, 2009). En-
ergy efficiency priorities also respond to
the need for cost-efficient energy with-
in process-intensive industries, which
are in abundance in Finland, and many

Figure 11. Tekes energy- and environmental technology investments in Finland 2006-

2010 (Source: Tekes, 2010)
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energy efficient technologies are in-
cremental in nature as they mainly fo-
cus on process improvements. Accord-
ing to the OECD Environmental Per-
formance Review (OECD, 2009a), Fin-
land could do more to promote eco-in-
novation through green procurement,
environmental labelling, and the ac-
tive involvement of business and oth-
er stakeholders, and consider how envi-
ronmental policy instruments could be
better aligned with innovation policy
(and vice versa) to promote innovation.

5.2 Environmental
technology patenting
and companies

In Finland, the recent policy efforts in
environmental technologies are re-
sponses to the long-term develop-
ments related to climate change and
the demands and business opportuni-
ties arising from it. In the following, the
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focus is on the innovation landscape of
environmental technologies in Finland
with emphasis on company-level activ-
ities in the area. Earlier in the paper, we
positioned Finland in various technol-
ogy areas with respect to other coun-
tries and identified that Finland is not
very specialized in any of the technol-
ogy fields, although the level of inno-
vative activity can be considered to be
quite high. This is also evident in Table
4, indicating that the activities in envi-
ronmental technologies are fairly even-
ly distributed across the four main en-
vironmental technology patent classes.

The volume and overall share of
Finnish patenting in environmental
technologies show that the activity in
Finland has concentrated on certain
technology areas. For example, water
pollution control and solid waste man-
agement technologies seem to have
slightly larger shares than the oth-
er technologies. In renewable energy,



Table 4. Environmental technologies patents and the share of Finland; EPO appli- biomass and ocean technologies stand

cations 1990-2007 (Source: OECD PATSTAT) out with somewhat higher shares as is

All Finland % also indicated in the earlier discussion
Air pollution control 20416 176 09 on the technological specialization of
Solid waste management 8397 97 12 countries. As the international trends
Water pollution control 13974 176 1.3 and country comparisons were pre-
Renewable energy 13726 124 09 sented earlier in this paper, in the fol-
Biomass 5047 67 13 lowing, the focus is on the innovation
Geothermal 264 2 038 environment of environmental technol-
Hydropower 250 2 0.9 ogies in Finnish firms.
Ocean 303 5 17 There are a total of 125 companies
Solar 5843 26 04 behind these environmental patents in
Wind 2018 21 10 Finland. Since not all of these compa-
Total 56513 573 1.0 nies are highly committed to environ-

mental technologies, and since envi-
Table 5. Environmental technology patent applications of Finnish companies (1990- ronmental technology patents only
2007, companies with more than 2 environmental technology patents, with a 20%

account for a small share of the over-
threshold) Source: OECD PATSTAT and Statistics Finland (authors’ calculations)

all patent portfolio of these companies,

Firm Environmental | Share of |Industry Firm a threshold of the intensity of environ-
technology | all patents size mental technology patenting is applied
patents for further analysis. The threshold is set
; 0 ;
Evac International 32 94% Machine an_d SME t0 20%, meaning that at least 20% of a
process design , H be classi
Foster Wheeler 30 36% Machinery Large Companys'patents ave to be classi-
Kemira 2 28% Chemicals Large fied as env'lronmentlal technology pat-
STX Finland 5 2% Machinery Large ents to be included in the further anal-
3 .
Ecocat International 15 94% Machinery Large YsIs. Anther a@vantage of using the
Andritz 12 24% Machinery Large threshold is that it excludes many of the
Oras 10 53 Metals Large largest companies in Finland that have
Wiser 7 78% Research and SME occasionally patented in the field but
development cannot be classified as environmental
Winwind 6 100% Machinery Large technology companies proper, where-
Vapo 5 56% Energy Large by their inclusion would significantly
Steris Europe 5 56% Machinery SME distort the results. This 20% threshold is
KWH Pipe 4 22% Plastics Large used as a basis for the ensuing analysis,
BCDE Group Waste 4 80% Electronics SME unless otherwise stated.
Management The distribution of patents is
Larox 4 100% Machinery Large . .
skewed, with only a few companies
Suomen Rehu 3 23% Agriculture Large ) L )
- : having many patent applications in
Maricap 3 60% Machinery SME ) )
: environmental technologies (Table 5).
cor ’ 100% Construction oME Interestingly, the list of companies is
ingly, i ies i
Finn Escone 3 100% Machine and SME ) gy P
process design Fjlomlnated by Iarg@T firms represent-
Proventia Emission Control 3 100% Machinery SME ing the machinery industry. The sec-

3 The full list of companies without the threshold can be found in Palmberg and Nikulainen (2010) in Appendix 4.




ond group consists of smaller compa-
nies in machine and process design
and research and development indus-
tries. These findings are in line with ear-
lier studies identifying machinery as a
key industry in areas such as pollution
abatement (Rodrik 1996; Lanjouw and
Mody, 1996, Hanemann 2010). In fact,
much of the existing theoretical litera-
ture on R&D and pollution abatement
assumes that the innovating company
is the same as the company that causes
pollution and invests in abatement. This
assumption is often false. The vast ma-
jority of the innovators are not the pol-
luters but rather machinery suppliers
and other outside sources, as suggest-
ed by our findings.

The intensity by which the com-
panies are involved in environmental
technologies also varies greatly. Larg-
er companies are typically more diver-
isified in their technological activities,
whereas smaller companies are more
focused on a narrower range of areas.
While the analysis above has provided
us with some insights into the compa-
nies who are active in environmental
technologies, it is worthwhile to take a
broader viewpoint on company char-
acteristics in environmental technolo-
gies. These characteristics, presented in
Table 6, include total industry sales and

employment, weighted with the share
of environmental technology patents
of all patents of a company in order to
gain an appropriate perspective.

The industry-level indicators high-
light the significant role of environmen-
tal technologies in the Finnish econo-
my. Looking at the employment indica-
tors, it could be argued that, based on
the weighted number of employees,
the industry employs around 16,000
persons, and with the tighter threshold,
the figure is still around 12,000. When
looking at the industry sales, we can
again witness the importance of this
sector. Even by the most stringent cri-
teria (with the 20% threshold), the sales
are 3.5 billion euro. Without the thresh-
old, the sum of the weighted industry
sales rises to 7.4 billion euro.

5.3 Environmental
technologies
in industry

The significant role of environmen-
tal technologies in the economy rais-
es the question of how these technol-
ogies link up to Finnish industries in
terms of realized or potential applica-
tions. Some answers to this question
can also be provided through patent
data by examining the industrial affilia-

Table 6. Environmental technology related industry characteristics (weighted)
Source: OECD PATSTAT and Statistics Finland (authors’ calculations)

Companies included Employment Sales

# of employees Millions of €
With threshold 12 094 35044
All 16127 74614

Note: Weighting is based on the share of environmental technology patents of all company patents.

tion of the companies that patent in en-
vironmental technologies. In the follow-
ing, the 20% threshold is not applied for
included companies, because the inter-
est is also in identifying weaker signals
of both realized and potential links be-
tween the development and industrial
application of environmental technolo-
gies throughout the Finnish economy
in a broader sense. To highlight these
relationships, Table 7 shows the indus-
trial and size distribution of all 125 com-
panies behind the Finnish environmen-
tal technology patents as a first approx-
imation.

As mentioned earlier, the main en-
vironmental technology related indus-
tries (as suggested by the industrial affil-
iation of the patenting companies) are
machinery, research and development,
and machine and process design. Be-
yond these, patenting is spread out
across companies in a broad range of
industries and represents quite well the
overallindustrial structure of the Finnish
economy. Accordingly, environmental
technologies appear to be finding real-
ized or potential application opportu-
nities in many different types of indus-
tries throughout the Finnish economy.
This finding is encouraging since it may
suggest that here are several potential
commercialisation paths, and differ-
ent types of companies in value chains
may also be able to play different roles
in commercialization. (For more on this,
see Nikulainen, 2010.) In most of these
industries, Finland hosts large compa-
nies that can act as industrialists in the
commercialization and diffusion of en-
vironmental technologies by providing
access to complementary assets such



Table 7. Environmental technology related industries by company size

Source: Statistics Finland (authors’ calculations)

Industry Large SME Total Total (%)
Agriculture 1 1 2 2%
Chemicals 3 5 8 6%
Ceramics 1 0 1 1%
Construction 1 6 7 6%
Electronics 3 4 7 6%
Energy 2 1 3 2%
Fibers 1 0 1 1%
Foodstuff 1 0 1 1%
Machine and process design 1 12 13 10%
Machinery 1 23 34 27%
Metals 4 5 9 7%
Plastics 3 2 5 4%
Pulp and paper 4 0 4 3%
Research and development 1 15 16 13%
Services 0 8 8 6%
Testing 0 2 2 2%
Waste management 2 2 4 3%
Total 39 86 125 100

as marketing and distribution. Oth-
er relevant companies include smaller
equipment suppliers and new technol-
ogy-based firms (e.g, related to ICT, bio-
or nanotechnology).

A second approximation for iden-
tifying realized or potential linkages be-
tween environmental technologies and
application industries is to consider the
activity of these companies in terms of
renewable energy technologies (Table
8). Earlier in this paper, we identified so-
lar energy as one the faster growing are-
as of environmental technologies. Inter-

estingly, Finland seems to have missed
out on this development trend. Look-
ing at the column for solar energy tech-
nologies, eleven companies can be
identified as having activity in this ar-
ea, and only one has more than a sin-
gle patent. A closer look at the compa-
ny with eight patents reveals that in fact
the main application area of their tech-
nology is related to x-ray technologies.
Moreover, it seems that the company
has closed down its operations. These
findings suggest that Finland may be
left outside of solar technology as one

of the main future technology growth

areas within environmental technolo-

gies. This aspect would require a more
in-depth analysis, particularly focusing
on the developments during the recent
years, which may have been underrep-
resented in the patent statistics.

In summary, this chapter gives the
following insights:

s Finland has ambitious targets for in-
creasing both energy efficiency and
the development and use of new re-
newable energy technologies, and
many R&D programmes and oth-
er measures have been undertaken
towards these aims.

e Finnish environmental technology
patenting is spread across a large
number of companies and a broad
range of application industries even
though their share of all patents in
these companies and industries is
generally low.

o Of the more environmentally tech-
nology-intensive companies, a ma-
jority are affiliated with the machin-
ery industry and process engineer-
ing, and these companies tend to
be larger; companies active in re-
newable energy specifically tend to
be smaller.




Increasing climate change concerns, in-
vestments, and environmental technol-
ogy patenting is creating both oppor-
tunities and challenges for many coun-
tries, including Finland as a small open
economy. This section analyses the in-
vestments and global patenting trends
with an eye to assessing the position of
Finland in the changing environmen-
tal technology landscape. In the back-
ground are also concerns about the
sources of future Finnish technologi-
cal and industrial stronghold in rapid-
ly emerging technologies of which en-
vironmental technologies are partic-
ularly promising. The section primari-
ly draws on literature research and pat-
ent data, linked to company register da-
ta. It takes a future-looking perspective
that is geared towards providing con-
ceptual and empirical insights of rele-
vance, both to innovation and to envi-
ronmental policies.

The overall policy framework for
environmental and energy technolo-
gies in Finland is stipulated by the Na-
tional Climate and Energy Strategy,
which is formulated in line with guide-
lines laid down by the UN Framework
Convention on Climate Change as well
as the European Union, including spe-
cificinitiatives launched by the Europe-
an Commission. Within the context of
these strategies and guidelines, Finland
has recently actively promoted environ-
mental technologies primarily through
several technology programs by the
Academy of Finland, the Finnish Fund-
ing Agency for Technology and Inno-
vation (Tekes), and the Ministry of En-

vironment. Company participation has
also been facilitated through the so-
called SHOK and OSKE programs, the
latter of which covers various regional
initiatives related to Cleantech and en-
ergy technologies. The Finnish Innova-
tion Fund (Sitra) has also played an in-
strumental role in promoting environ-
mental technologies and related Clean-
tech initiatives.

Globally speaking, patent data
point to the most rapid growth in in-
novative activity related to renewa-
ble energy with biomass, wind, and so-
lar power in the lead. The environmen-
tal technology landscape is also chang-
ing through the entry of new countries
on the scene, with most relative growth
in patenting occurring in the BRIICS
countries. Finland is well-positioned in
the environmental technology area by
overall levels of patenting activity and it
isamong the top 25 countries by the ab-
solute number of patents. Nonetheless,
the position is more worrying in terms
of the distribution of these patents set
against global trends. Specifically, Fin-
land does not emerge as a country with
a specific specialization profile, generally
speaking, neither in relation to renewa-
ble energy technologies where most
growth in investments and patenting
can be detected globally. This finding is
in contrast with the specialization profile
of countries such as Austria and Austral-
ia (hydropower), Denmark (wind tech-
nology), and the UK (ocean technolo-
gy). Furthermore, a partial Finnish spe-
cialization in wind technologies appears
to have eroded over time. These find-
ings appear at odds with the dual pol-
icy priority to promote both energy ef-
ficiency and renewable energy. How-

ever, it should be noted that patenting
may also have occurred in areas not cov-
ered by the patent-based environmen-
tal technology definition that this paper
uses (e.g., in machinery, equipment, and
instruments).

The discussion about energy effi-
ciency versus renewable energy often
centres around the idea that energy ef-
ficiency mainly supports incremental
technological change based on exist-
ing energy sources that may often be
non-renewable (mainly fossil-based fu-
els). In contrast, renewable energy tech-
nologies can potentially provide the ba-
sis for technological change and inno-
vation of the more transformative kind
for greener and more sustainable long-
er-term growth. This comparison may
not always hold as energy efficiency
can also imply that transformative and
radical technologies and innovations
are involved, for example, related to na-
notechnologies (e.g., smart windows,
sensors, new materials, and fuels cells).
An important issue for Finland is how
to strike a balance between promoting
both energy-efficiency and renewable
energy technologies.

The data on Finnish environmental
technology patent applications identi-
fied 125 companies active in this area,
of which a sub-sample with over 20% of
such patents in their portfolio was an-
alysed in greater detail. Of these more
environmental technology-oriented
companies, a majority are classified in
the machinery industry in confirma-
tion of extant research that also locates
environmental technology patenting
globally to this more traditional indus-
try. Accordingly, it seems that most of
these companies are not major proc-



ess-intensive and polluting companies,
but they instead supply such compa-
nies with new environmental technol-
ogies. Further, the company-size distri-
bution is rather skewed and dominat-
ed by a few large companies. The small-
er companies have often been found-
ed around an innovative individual as
a spin-off or spin-out from research or
other companies. The economic signif-
icance of these companies is relative-
ly noteworthy, accounting for approx-
imately 12,094 employees and 3.5 bil-
lion euro in sales.

The economic significance of Finn-
ish environmental technologies should
also be assessed by the degree to
which they find industrial applications
throughout the economy. This paper al-
so uses patent data for this purpose by
considering how environmental tech-
nologies link up to industries through
the affiliation of the companies patent-
ing in the area. The data shows that the
total sample of 125 companies is affiliat-
ed with a wide range of different indus-
tries, beyond the machinery industry as
the main one. This diversity suggests
Finnish environmental technologies
appear to be finding realized or poten-
tial application opportunities in many
different types of industries through-
out the Finnish economy. According-
ly, there may also be a range of differ-
ent commercialization paths where dif-
ferent types of companies (small versus
large) can play different roles. A more
detailed analysis identified a large set of
smaller design and R&D-focused com-
panies that might play a critical role in
developing more radical technologies
alongside more incremental develop-
ment within larger companies.

In conclusion, the patent analysis
of this paper should be deepened and
complemented with other data (e.g,
case studies) for a richer assessment of
the comparative and competitive po-
sition of Finland, especially in renewa-
ble energy technologies as a rapidly ex-
panding area. From a policy viewpoint,
it would be important to consider fur-
ther possibilities for a more systematic
approach towards promoting environ-
mental technologies, both with respect
to enhancing the efficiency of existing
energy technologies as well as emerg-
ing renewable energy technologies.
Such an approach may need further in-
tegration of innovation (e.g., R&D fund-
ing and programmes), environment
(e.g., regulations) and also other poli-
cy domains (see also Kivimaa and Mick-
witz (2006)).
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Traffic and logistics have gained a lot
of attention in discussions on green
growth and green economy for many
reasons. First, the role of transport in
CO, emissions is significant (26% in
Finland in 2009%; 18% from only road
transport) (Liikennetilastollinen vuo-
sikirja 2010, 48). Second, the world fi-
nancial crisis of 2008-2009 hit the auto-
motive industry hard in the U.S. and Eu-
rope. And third, at the same time, some
promising new opportunities have
emerged for transforming road trans-
port vehicles in a more sustainable di-
rection by more efficient combustion
engines, biofuels and electric motors.
At least in the media, these new devel-
opments have received plenty of pub-
licity and space.

Although Finland is not special-
ized in the automotive and oil indus-
tries, the new developments in biofu-
els and electric vehicles have generat-
ed some enthusiasm. The largest Finn-
ish oil company, Neste Oil Oyj, has in-
vested in biofuel refineries in Finland
and abroad based on its technolog-
ical expertise. A new entrant in the

Raimo Lovio, Jenny Rinkinen and Armi Temmes

oil business, St1 Oy, has developed a
new method to produce ethanol from
food industry waste. The Finnish pulp
and paper companies have investigat-
ed possibilities to build new biodiesel
plants based on wood feedstock. As for
electric vehicles, the only Finnish pas-
senger car manufacturer, Valmet Auto-
motive, has started to make electric ve-
hicles for its business customers in Nor-
way, Denmark, and the U.S. Some oth-
er companies have invested in devel-
oping batteries, charging equipment,
and infrastructure systems. These cor-
porate initiatives, among other things,
have led the Ministry of Employment
and the Economy together with Tekes
(the Finnish Funding Agency for Tech-
nology and Innovation) to start devel-
oping a new electric vehicle cluster in
Finland.

These developments make bio-
fuels and electric vehicles a topical
research subject for a case study on
green economy and green growth. The
study was done by interviewing com-
pany representatives, directors, and
researchers in the following organiza-
tions: Neste Qil, St1, UPM, Metsaklus-
teri Oy (Forestcluster Ltd), Ensto, For-

tum, Green Net Finland, Electric car —
Now!, VTT Technical Research Centre
of Finland, and Tekes (see Appendix 1).
In addition, we gathered data at the
annual seminar of the TransEco pro-
gramme in November 2010 (TransEco
Programme). Furthermore, national
and international policy documents
and research reports on developments
in the area were essential sources for
our study. Jenny Rinkinen's (2010) re-
cent study, "Traffic in the media: Com-
peting visions from electric cars to a
car free future", gave us a fresh back-
ground picture of the public discus-
sion on the future of traffic.

The research report s structured as
follows. We start by defining the focus
and the questions of the study (Chapter
2). Then we describe the main drivers
of developments in biofuels and elec-
tric vehicles (Chapter 3). Chapter s 4 and
5 present emerging business opportu-
nities in biofuels and electric vehicles in
general and especially in Finland. The
impacts of the diffusion of biofuels and
electric cars from a climate policy point
of view are estimated in Chapter 6. Fi-
nally, in Chapter 7, major policy chal-
lenges are specified.




There is a huge technical literature on
biofuels and electric cars. The prospects
of alternative biofuels and electric ve-
hicles in Finland have also been exam-
ined quite thoroughly from a technical
and economic point of view (e.g., Ny-
lund et al. 2008, Nylund 2010 and 2011).
Moreover, the Ministry of Employment
and the Economy and Tekes have pub-
lished two reports on business oppor-
tunities in Finland in the electric vehicle
cluster (Biomeri 2009 and Swot Consult-
ing Finland 2010) and Finpro has made
a study on global trends and Finnish
opportunities in the electric vehicle in-
dustry (Finpro 2010).

This study builds on these reports
and empirical findings. However, we ap-
proach the issue from a somewhat dif-
ferent point of view. Based on interna-
tional and domestic studies on industri-
al transitions and related transition poli-
cies (e.g,, Schot & Geels 2008, Heiskanen
etal. 2009, and Lovio et al. 2011), we fo-
cus on examining how a socio-techni-
cal system change, or systemic innova-
tion (in this case, a transition from the
crude oil based transport system to-
wards a more sustainable transport sys-
tem) is likely to occur and how such a
transition can be enhanced by innova-
tion and other policies.

From this point of view, we exam-
ine drivers, actors and policies advanc-
ing the greening — or green growth —
of the transport system, which can in-
clude, among other things, an increas-

ing use of biofuels and electric vehi-

cles. As for drivers of the change, we ask

whether it is technology, economy, or
policy that is the most influential factor.

As for actors, we examine the roles
of new entrants and incumbent firms in
the transition. We do so by elaborating
and specifying the following five hypoth-
eses, which are based on current research
on socio-technical transitions (e.g, Geels

2004) and sustainable entrepreneurship

(Wistenhagen & Wuebker 2011):

1. The relative significance of new en-
trants and incumbents: A shift from
oil to biofuels is less radical than a
shift from the combustion engine
to the electric motor. Therefore, it is
likely that incumbents dominate the
biofuel field, whereas new entrants
dominate the electric car field.

2. Co-operation and alliances between
new entrants and incumbents: Due to
the more radical change and an ear-
lier development stage, there is more
co-operation between all companies
as well as between new entrants and
incumbents in the electric car field
than in the biofuel field.

3. Strategies of incumbents and new
entrants: Qil use can be reduced
through improvements in the en-
ergy-efficiency of combustion en-
gines, the use of biofuels, or the de-
velopment of electric cars. It is like-
ly that corporate strategies focus on
exploring add-on or hybridization
strategies (Raven 2007), i.e., oil com-
panies focus on biofuels, dominant
automotive companies on improv-
ing combustion engines and hybrid
motors, whereas electricity utilities
and manufacturers of electric de-
vices support the development of
electric cars.

4. Character of innovative incumbent
firms: Among incumbents, inno-
vative experimentation is likely to
occur in companies that are not in
dominant positions in the industry
(Geels & Turnheim 2010). Relatively
small or otherwise destabilized in-
cumbent firms try to use shifts to
biofuels and electric cars to improve
their positions.

5. Character of innovative new entrants:
Among new entrants, innovative
experimentation is likely to occur
in start-up companies that are fi-
nanced by venture capital firms and
managed by Schumpeterian-type
entrepreneurs (Hockerts & Wisten-
hagen 2010).

Finally, we study policy issues and chal-
lenges. Basically, green growth is about
steering the development of produc-
tion and consumption in a more sus-
tainable direction. Innovation and eco-
nomic policies are modified so as to
support the emergence and diffusion
of new technologies, products and
services that help in achieving envi-
ronmental policy objectives (climate
change, local air emissions, noise, etc.)
nationally and internationally. Green in-
novation policy is one example of de-
mand-driven innovation policy.

Based on international and domes-
tic research, it can be argued that green
innovation policy in the area of trans-
port needs to be coherent, multifacet-
ed, and dynamic (e.g., van der Laak et al.
2006, Hillman et al. 2008, Ulmanen et al.
2009, Kivimaa 2008).

Policy coherence requires that the
incentives and signals of different pol-
icies (e.g., climate policy and others)
provide target groups with non-con-



flicting signals. Policy co-ordination is
one of the means of achieving coher-
ence (Mickwitz et al. 2009, 24; Kivimaa &
Mickwitz 2009). In relation to the green-
ing of the Finnish transport sector, a key
coordinating measure is "Climate Poli-
cy Programme for the Ministry of Trans-
port and Communications' administra-
tive sector for 2009-2020" (Liikenne- ja
viestintdministerié 2009) and its follow-
up (e.g,, Liikenne- ja viestintdministerio
2010). The programme presents how
the national and European Union tar-
gets for reducing greenhouse gas emis-
sions can be achieved. A target set for
Finland is to reduce greenhouse gas
emissions in the transport sector by 16
per cent from the 2005 level by 2020.
The target creates increasing demand
and markets for biofuels, electric cars,
and public transport services. Finnish
innovation and industrial policies try
to make sure that domestic firms could
benefit from this situation. The domes-
tic market is especially importantin this
case because traditionally the automo-
tive and fuel industries are not among
the strongest areas in Finnish industry.
In order to develop products and serv-
ices for export markets, the domestic
market can be used as a demonstra-
tion and pilot market.

The need for multifaceted poli-
cy measures (such as innovation pro-
grammes, tax exemptions, infrastruc-
ture investments, etc.) is due to strong
path dependencies in the automotive
and oil industries and in the transport
infrastructure. Changes will only take
place if different policies create clear
incentives for research institutions and
companies to develop new solutions
and for customers to buy those solu-
tions.

The greening of the motor vehicle
fleet in Finland and other countries is a
slow process. The Finnish vehicle fleet
includes more than 3 million vehicles.
Today, passenger cars are scrapped at
an average age of about 18 years, and
the average age of passenger cars is
currently 11 years (Oljy- ja kaasualan
vuosikirja 2009). The number of new
cars sold every year varies between
100,000 and 150,000. In addition, the
development of new fuels and cars
and the building of the production ca-
pacity for them take several years. Due
to these reasons, policies enhancing
green growth in the transport sector
have to be long-term oriented and dy-
namic. Long-term orientation refers to
the consistency of policy: long-term
targets motivate companies and con-
sumers to invest in less polluting and
more efficient cars. However, policy al-
so needs to be dynamic because some
solutions can be adopted immediate-
ly (e.g., more efficient internal com-
bustion or diesel engines and small-
er cars), some in the short term (e.g.,
second generation biofuels), whereas
some can only be widely taken up in
the long run (e.g., electric cars). A ma-
jor policy challenge is to support in-
cremental and radical changes simul-
taneously.

In addition to examining the above
questions related to drivers, actors, and
policies in the greening of the transport
sector, we summarize the visions of in-
terviewed persons and recent research
reports about the Finnish strengths and
challenges in the sector. We ask to what
extent it is likely that biofuels and elec-
tric vehicle businesses can contribute
to green growth in Finland.

Today's biofuels and electric vehicles
are not a totally new phenomenon.
They have been under investigation
and developments since the first and
second oil crises in the 1970s. During
the 1980s and 1990s, the main driver
for low emission vehicles was the need
to improve urban air quality. The recent
wave started in the early 2000s, first in
biofuels and a few years later in electric
vehicles. The new driver is climate pol-
icy at the global, EU, and national lev-
els. Other contributors to the current
upswing include high oil prices in 2008
and worries about a forthcoming peak
oil crisis, the global financial crisis and
related problems in the automotive and
forest industries, and some new tech-
nological developments in biofuel and
electric vehicle technologies.

The interviewed company repre-
sentatives stressed the role of policy,
rather than market drivers, in the re-
cent market formation for biofuels and
electric vehicles. The EU's climate poli-
cy and its applications in the traffic sec-
tor has been the strongest driver in the
European context (see summary of pol-
icy measures in Table 1, Section 1). Fin-
land was first slow in implementing the
first EU Directive on biofuels (Directive
2003/30/EC) (Kauppa- ja teollisuusmin-
isteri® 2006), but later on the develop-
ment of biofuels and the electric vehi-
cle cluster has been put high on the
agenda of energy and innovation pol-
icies.




These policy measures are strong
for three reasons. First, some of them are
very concrete and directly effective (es-
pecially the mandatory share of biofuels
and the binding objectives for CO, emis-
sions of new cars). Second, economic in-
struments are used in many forms. Most
of them are targeted to companies (such
as R&D, demonstration and investment
support) but some also to users of cars
(e.g, car tax reforms). At least some of the
policy measures are also long-term ori-
ented by defining exact targets for the
development in the next ten years. All
in all, policy measures have been effec-
tive enough to create markets for biofu-
els quite quickly and for electric vehicles
in the longer run.

The importance of policy meas-
ures is related to cost and price issues.
So far, electric cars have been clear-
ly more expensive than internal com-
bustion engine cars. For example, the

price of Norwegian Think City electric
car in autumn 2010 was approximate-
ly double the price of a combustion
engine car of similar size. Similarly, the
production of second-generation bio-
fuels is more costly than that of tradi-
tional fuels.

However, second to policy among
the drivers of development are oil re-
sources and prices. Transport repre-
sents some 60% of the world's oil con-
sumption today, compared to 45% in
1973. Thus, the strong dependence on
crude oil represents a high cost risk for
the transport sector. The oil price peak
in 2008 was a clear signal that the era
of cheap oil is ending, which is also in-
dicated by the fact that in Spring 2011
petrol prices in Finland were close to
the record level of summer 2008.

A third driver for change in the
transport system is technological devel-
opment. Even though no major break-

through innovation has been made in
the area, there is some progress in both
biofuels and electric vehicles. From the
Finnish point of view, the most obvious
examples are related to new second-
generation biofuel technologies and
batteries in electric vehicles. St1 has de-
veloped a new technology to produce
ethanol from food industry waste and
Neste Oil has developed a novel sec-
ond-generation biodiesel product. In
electric vehicles, old lead-acid batteries
have been replaced by lithium-ion bat-
teries. European Batteries, a new Finnish
battery company, started to produce
lithium-ion batteries in 2010 in Varkaus
in Eastern Finland.

However, the technological and
commercial progress of new solutions
in the transport sector has been far
from a linear trajectory. There have been
many costly failures, setbacks, hype-dis-
appointment cycles, tensions, and strug-

Figure 1. Electric vehicles and biofuels in Helsingin Sanomat 2000-2010
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gles in innovation journeys (Verbong et
al.2008). For example, there was electric-
vehicle hype in the 1990s, fuel-cell hype
some years later, and biofuel hype after
the EU 2003 directive. The current elec-
tric vehicle enthusiasm started in 2008,
whereas in the area of biofuels, a back-
lash can be seen, with increasing con-
cerns about the sustainability of pro-
ducing large amounts of conventional
biofuels (i.e, ethanol and biodiesel from
edible oil) (Sengers et al. 2010). Figure 1
depicts the recent hypes of biofuels and
electric vehicles in the Finnish leading
daily newspaper Helsingin Sanomat.

According to the interviewees, the
fourth major driver in the development
has been the latest crisis in the automo-
tive industries and overproduction prob-
lems in the agricultural and forest indus-
try sectors. Traditionally, the dominant
players in the international automotive
industry have not been active in devel-
oping electric vehicles, but the crisis in
the industry after the global financial cri-
ses has forced old and new players to
search for new markets in hybrid and
electric technologies. For even a longer
period of time, the production of 15t gen-
eration biofuels has been supported by
the agricultural sector, at least in coun-
tries with overproduction problems. In
Finland, a similar situation can be seen
in the forest sector. The decline in the de-
mand of many paper grades has made
the forest companies more interested in
wood-based biofuels.

All'in all, the above drivers for in-
creasing the use of biofuels and electric
vehicles are so strong and manifold that
there are good reasons to believe that
more will happen in the 2010s than has

happened during the latest decades.
Yet it is an open question exactly what
will happen.

4.1 Current use and market
formation

The total consumption of oil products
as transport fuels was approximate-
ly 1000 million tonnes globally in 2008
(IEA 2011). In the mid-2000s more than
20 Mtoe of biofuels were used (IEAWEO
2006), which was approximately 1% of
all transport fuels. The share varies in
different regions: some of the impor-
tant areas are Brazil, where the share
is almost 14%, Cuba with 6%, and Eu-
rope with 2%. Ethanol, which is most-
ly produced in Brazil and the U.S,, is the
dominating biofuel (85%). The remain-
ing 15% of biofuels consists of different
grades of biodiesel. Europe is the only
region where biodiesel dominates over
ethanol. The share of biofuels is estimat-
ed to increase 4-7% by 2030 (Nylund
et al. 2008).

The early (the so-called 15t gen-
eration) transport biofuels are etha-
nol from corn, vegetable oils, and bio-
gas. The so-called 2nd generation bio-
fuels, such as biomass-based hydrocar-
bon diesel oils or cellulose-based etha-
nol, offer improved end-use properties
and/or do not compete with food pro-
duction.

The development and use of trans-
port biofuels is relatively recent in Fin-

land, although bioenergy research in
general has a long tradition. The most
common biofuels are summarized in
Table 1. The present main strategy of
Finnish fuel producers is to add 10% of
ethanol in the main grade of petrol (95
E10) and varying amounts of biomass-
based diesel oil in diesel fuel (if 15t gen-
eration, max. 7%). DME is not high on
the Finnish agenda, but it is included
here because it is actively developed in
Sweden.

The advantage of 1st generation
biofuels is that they can be processed
either on a large or small scale. The
costs for processing facilities are rela-
tively low. Production of hydrocarbon
diesel oils through hydrotreatment and
especially the combination of gasifica-
tion and Fischer-Tropsch are only fea-
sible for large refinery-type units with
high capital costs.

All interviewees agreed that the
biofuel business is strongly driven
by the biofuel obligation defined by
the Finnish and EU targets for climate
change mitigation (Figure 2). The obli-
gation is directed to the distributors of
traffic fuels, and it creates a steady mar-
ket for biofuels as components of the
present main fuels. Biofuels can reduce
the CO, emissions of transports be-
cause they are based on renewable raw
materials and therefore their CO, emis-
sions are defined as zero. The Finnish
higher target is estimated to be achiev-
able through taking advantage of the
possibility to “double-calculate” the en-
ergy content of raw materials defined
as waste (including wood).!

The strategy to add a relatively
small amount of biofuel component to

1 "...the contribution made by biofuels produced from wastes, residues, non-food cellulosic material, and ligno-cellulosic material shall be
considered to be twice that made by other biofuels” (Directive 2009/28/EC, Article 21)




Table 1. Properties of some of the most common biofuels

grain.

grain.

oilseed plants.

plants. Syngas,
e.g., of wood.

Ethanol Biodiesel Gaseous

E10 RE85 1st generation 2nd generation | DME Biogas
Chemistry Alcohol Alcohol Fatty acid methyl | Hydro-carbon Dimethyl ether Methane-CO,-

ester, FAME mixture
Energy content | 43 (petrol) 26,7 (ethanol) 41 (ester) 44 284 50,42 (varies
MJ/kg strongly depend-
(for the main ing on methane
component content)
as pure)
Usability Main grade of New fuel, new Max. 7% can be As diesel oil, New fuel, new New fuel, new
compared to petrol infrastructure, added toregular | density lower infrastructure. infrastructure.
present fuels may wear the grade. Goes bad | than standard Low viscosity.
normal fuel easily. grade.
system.
Suitable for cars | Petrol Flexifuel Diesel Diesel Diesel, modified Modified diesel or
petrol engines

Raw materials Carbohydrate- Carbohydrate- Vegetable oil Vegetable oil Syngas, e.g., of Various carbo-

based, e.g., food based, e.g., food based, e.g. agri- based, e.g. palm wood. hydrate-based

industry waste, industry waste, cultural by- oil, offal, microbial waste materials.

cellulosic waste, cellulosic waste, products, biomass, oilseed

1 Paasi et al. 2008; 2 Lampinen 2009.

Figure 2. Development of the mandatory share of biofuels in transport fuels in Finland and the EU
(Ministry of Employment and the Economy 2010)
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the main fuel grades does not require
any changes in the socio-technical sys-
tem because the new fuels fit into the
majority of the existing cars and to the
fuel distribution system. It is therefore
an easy transition, based on technical
development of the fuels, their produc-
tion, and the supply of raw material.
Broadening the strategy to high-
concentration ethanol mixes (RE85),
however, causes changes in the sys-
tem, because it needs special cars (FFV,
flexifuel vehicles, in which the materi-
als of the fuel system are modified to
tolerate the higher ethanol content)
and a new distribution network (new
product item for petrol stations). In ad-
dition, the lower price of RE85 is to a
large extent lost because of fuel con-
sumption increases in cars (approxi-

mately 25%). Therefore, the growth in
the use of RE85 fuel is slow and uncer-
tain, but it is needed if a larger reduc-
tion in petrol use through biofuels is
sought than what is achieved with E10
(7% reduction).

Biogas is suitable for vehicles us-
ing natural gas (e.g., buses). The meth-
ane content of biogas varies from 40—
50% in landfill gas up to 85% in gas from
anaerobic treatment of effluent treat-
ment sludge (Lampinen 2009). In addi-
tion, biogas contains sulphur. Therefore,
the gas is purified in order to achieve
sulphur-free gas, which contains more
than 95% methane. Waste is an abun-
dant raw material, and the energy con-
tent of methane is very high, which
makes purified biogas a very favoura-
ble transport fuel.

4.2 Finnish business
opportunities

The real challenge of the biofuel busi-
ness and use in Finland (described in
more details in Figure 3 and Box 1) is
availability and acceptability of raw ma-
terials. The ethanol business is mainly
based on imported sugarcane-based
ethanol (where the use of food ma-
terials and/or agricultural land for en-
ergy production is a problem), as the
domestic potential of the food waste
raw material is already more or less ex-
hausted (at a level of 6000 t ethanol/an-
num). Sufficient raw materials for etha-
nol production are available in munici-
pal waste and different cellulosic waste
materials. There is a long-standing re-
search tradition of these processes in

Figure 3. Actors of the biofuel cluster (cases discussed in more detail are emphasized)

Car retailers,
Special car
manufacturing

Biodiesel producers

Ethanol producers (St7)

Car users Prlvate_
Professional
A
v
Car - Infrastructure Fuel retailers
manufacturing (Neste Oil, St1)
A
v
! . Technology
(Neste Oil), | Fuel production providers
A
v
Raw material Wood-based
production (UPM, StoraEnso),
waste materials




Finland, but the main challenge is the
cost of production. The present biodie-
sel production is mainly based on palm
oil, which is heavily criticized by the en-
vironmental organizations and some-

times claimed not to fulfil the sustaina-
bility criteria of biofuels defined by the
EU directive (Directive 2009/28/EC). A
small amount of food industry waste is
used, but there is little growth potential.

There are many new potential
raw materials under development, but
commercialization may still take time.
The most promising source for diesel
at the moment is wood. The consump-

Business cases on biofuels

St1: The story of St is one of building networks and ex-
panding the fuel distribution network rapidly. Originally a
fuel trader, today the owner of St1, Mr Mika Anttonen, built
a small distribution operation with a very lean structure and
an oil trading operation in cooperation with ABC, another
Finnish-owned fuel distributor. When the biofuel obligation
was introduced, they started the trading of Brazilian ethanol
for a petrol additive.

VTT Technical Research Centre of Finland had stud-
ied food industry waste management technologies, in the
course of which Dr Antti Pasanen developed a process effi-
ciently combining fermentation and evaporation of ethanol.
The investment cost and energy consumption of the proc-
ess were low. Mr Anttonen saw the potential of this process
in the production of fuel ethanol and started a joint venture
with VTT to commercialize it. Later, St1 acquired full owner-
ship of the joint venture.

St1 now produces appr. 100,000 tonnes per annum of
dehydrated ethanol at their dehydration plant. Five per cent
of it is produced from food waste using the technology de-
veloped atVTT, and a small share from municipal waste (in a
joint venture with a local waste management company) us-
ing a new technology. Future plans include both technology
sales for ethanol production and the development of new
processes for mainly cellulosic raw materials.

Ethanol is used both in the regular petrol (10% in 2011)
and in RE85 fuel (containing 85% ethanol), which is in a pi-
lot marketing phase.

Neste Oil: The story of Neste Qil is that of innovative strate-
gies for a relatively small oil company in international com-
petition."Green"fuels have been the choice of Neste Oil and
its predecessors since the early 1990s. Another long-stand-
ing development is the focus on diesel fuels based on the
popularity of diesel vehicles in Europe. Biofuels were devel-

oped for heating purposes already in the 1990s, but there
was no market. When the biofuel directive was being dis-
cussed in the early 2000s, the work was restarted with the
objective to develop diesel fuels. A decision to build a sec-
ond-generation biodiesel plant in Porvoo was made in 2005.

The strategy of moving directly to second-generation
biodiesel, as opposed to the choice of the large oil compa-
nies to procure first generation biofuels from the world mar-
ket, was possible because the technology was developed
on time and the Finnish authorities agreed to delay the im-
plementation of the biofuel directive for a few years. The
product is technically excellent and production has been
expanded to both Central Europe and Asia, and also aircraft
fuels have been introduced. Neste Oil is now a major player
in the second-generation biofuel business. The challenge is
raw material availability and the heavy criticism towards the
present main raw material, palm oil.

UPM: UPM started developing its business for biodiesel raw
materials (and other wood-based biofuels) as part of its own
energy business area, which mainly consists of its shares in
various electricity production companies. StoraEnso chose
to develop similar biodiesel processes in cooperation with
Neste Oil.

The preparations include development of biomass gas-
ification and syngas purification technologies in coopera-
tion with technology providers (in the case of UPM, And-
ritz/Carbona and GTl in the U.S.) and environmental impact
assessments for the eventual production facilities. The pro-
duction of biodiesel raw material from syngas is based on
existing technology. The decision-making struggle for UPM
includes the challenges of profitability (investment support
is sought for both from the EU and the Finnish state), the
further processing and distribution of the product, and the
overall profitability of the business.




tion of wood by the pulp and paper in-
dustry has already decreased and is pro-
jected to decrease further until 2020.
Even if the estimates vary, this would
increase the potential of energy wood
by up to10 million m3/annum by 2020
from the level of 2007 (Karha et al. 2009,
Hetemaki & Hanninen 2009).

All three Finnish big forest industry
companies are developing biodiesel raw
material production from wood using
gasification and the production of crude
biodiesel from the syngas using the
Fischer-Tropsch-process. The main chal-
lenge of these processes is profitability,
as the required investments are large. In
addition, there are still technological un-
certainties in the gasification and syn-
gas purification processes. The compa-
nies actively seek public investment sup-
port for these facilities, both through na-
tional and EU sources. According to the
latest public information, UPM plans to
build a biodiesel plant (annual capacity
100,000 tonnes), either in Finland (Rau-
ma) or in France (Strasbourg). Neste Oil
and Stora Enso have published a plan to
build a biodiesel plant (annual capaci-
ty 200,000 tonnes) in Finland (either in
Imatra or Porvoo). However, production
in these plants is not expected to start
before 2015, and according to The Min-
istry of Employment and Economy, sup-
port is not expected to be available for
more than one unit.

The choice between the compet-
ing uses of wood is one of the challeng-
es of forest-based industries. Tradition-
ally the pulp and paper industry has ar-
gued forcefully for the use of wood for
fibre production rather than energy
production because of the better value
added (Cepi 2007). This approach has
been criticized by Heteméki (2008) be-
cause the situation has quickly changed

in the 2000s due to sinking paper prices
and increasing energy prices.

The feasibility of the wood-based
energy business options can be illus-
trated with the following rough exam-
ple comparing the business potential
of generating either fuel or electrici-
ty from wood raw material. One cubic
metre of wood can be transformed in-
to approximately 1 MWh of electricity
or 0.7 MWh of electricity + 1.4 MWh of
heat in a power plant (based on gen-
eral data of transformation efficiencies
in condensing power plants and com-
bined heat and power production),
or 1.1 MWh of biodiesel raw material
through gasification and Fischer-Trop-
sch reaction (based on data of environ-
mental impact assessments of UPM).
With the present (early 2011) price lev-
els this would give rise to potential
sales of 70 € as pure electricity, 130 € as
heatand power or 75 € as biodiesel. As-
suming that the investment for a bio-
diesel production plant is much larger
than that of a combined heat and pow-
er plant, the business potential of bio-
diesel production from wood is much
poorer than that of production of com-
bined heat and power.

Similarly, Professor Nils-Olof Ny-
lund and his co-workers have argued
for the better economy of electrici-
ty production in their recent reports:
"Generally, biomass is more efficient-
ly used in power and heat production
than in transport"; "the solid biomass
is more efficiently used for power and
heat than for liquid transportation fuels"
(Nylund et al. 2008, 37, 40).

In summary, environmental policy
has been successful in creating a strong
domestic market for biofuels. The Finn-
ish fuel companies have been able to
grasp the opportunity with innovative
technologies because of stable R&D
support in the bioenergy area, and be-
cause the products fit the existing so-
cio-technical system as such. The suc-
cess of the home market has also creat-
ed export possibilities both for technol-
ogy (ethanol production and biodiesel
production) and for products (2nd gen-
eration biodiesel and renewable aircraft
fuel). The main challenge is the availa-
bility of raw materials and the existence
of an “anti-biofuel-lobby”, which may
change the general attitude towards
biofuels. The main success factors and
challenges are summarized in Table 2.

Table 2. Success factors and challenges of biofuel business in Finland

Success factors

Challenges

+ Long-standing R&D support to bioenergy

+ R&D support for new waste management
solutions.

« Availability of wood raw material
(and other “double-calculated” materials).

- Availability of diesel cars (also private)

+Innovative relatively small oil companies
with distribution.

« Forestindustry crisis and R&D support.

« Government support.

-> technology (ethanol production, NexBTL).

« Dependence on imported
(and controversial) raw materials
at the moment.
« Poor profitability of biofuel business.
+ Uncertainty about the stability of
the policy-driven business.
+ Low number of FFV vehicles in use and
no manufacturing of FFV vehicles.




Unlike biofuels, the market penetra-

tion of electric cars is still at a very ear-

ly stage. Yetin the long run, they are ex-
pected to achieve larger market shares
for many reasons.

e Electric cars are more energy effi-
cient than traditional petrol and die-
sel cars. For example, according to
an estimation made by Mitshubishi,
the so-called well-to-wheel efficien-
cy for electric car is 28-36%, for hy-
brid cars — 25%, diesel motor cars —
16%, and for petrol-using cars with
internal combustion engines — only
13% (Biomeri 2009, 16).

o Electricity for electric vehicles can be
produced from a number of energy
sources. The EU mandatory target
for 2020 for renewable energy in-
cludes biofuels and electricity from
renewable sources.

* Local emissions of electric cars (air
emissions and noise) are negligible.

e An electric car will create new op-
portunities for automotive design.

Yet today's battery technology is still
a limiting and cost-raising factor and
a reason why the supply and sales of
electric cars have been limited. In fact,
the coming years are likely to form the
first real market test for the diffusion of
electric cars because for the first time
there will be reasonable and affordable
electric models available.

5.1 Types of electric cars

Electric cars or vehicles can be divided
into three main categories: hybrid elec-
tric vehicles (HEV), plug-in hybrid elec-
tric vehicles (PHEV), and battery electric
vehicles (BEV).

Ahybrid electric vehicle (HEV) is a ve-
hicle that combines a conventional in-
ternal combustion engine propulsion
system with an electric propulsion sys-
tem. These vehicles cannot be charged
from the grid or other external electric-
ity sources. Mild hybrid vehicles rely on
the internal combustion engine to pro-
vide constant power for moving the
vehicle. In this arrangement, the elec-
tric drive motor acts to assist the en-
gine when extra power is needed, but
is incapable of propelling the vehicle
alone. A full hybrid vehicle is a vehicle in
which the arrangement of the electric
drive motor, the internal combustion
engine, and the battery system allow
the hybrid vehicle to be powered sole-
ly by the electric motor under certain
operating conditions — generally low-
speed manoeuvring and light cruising.
The most popular hybrid electric vehi-
cle has been the Toyota Prius. The Prius
went on sale in Japan in 1997, making
it the first mass-produced hybrid ve-
hicle. In May 2008, cumulative world-
wide Prius sales reached the T-million
vehicle mark, and in September 2010,
total sales reached 2 million units.
Toyota forecasts it will sell one mil-
lion Prius annually in the early 2010s.
In Finland, about 5,000 hybrid electric
cars have been sold by the end of 2010.
CO2 emissions of the full hybrid Toyota
Prius model are less than 100 g/km. In
January 2011, the price (including tax-
es) in Finland was 30,000 Euros.

A plug-in hybrid electric vehi-
cle (PHEV) is a hybrid vehicle with re-
chargeable batteries that can be re-
stored to full charge by connecting
a plug to an external electric power
source (usually a normal electric wall
socket). A PHEV shares the characteris-
tics of both a conventional hybrid elec-

tric vehicle (with an electric motor and
internal combustion engine) and an all-
electric vehicle, by having a plug that
connects to the electrical grid. In plug-in
hybrid electric vehicles, increased ener-
gy storage capacity provides addition-
al range using only electricity. The Chi-
nese BYD F3DM, the world's first mass-
produced plug-in hybrid car went on
sale to government agencies and cor-
porations in 2008 in China and to the
general publicin 2010.The F3DM s slat-
ed to go on sale in Europe and the US.
in 2011.In addition to Chinese BYD, the
Opel Ampera and Chevrolet Volt will be
among the first models to be produced
for the mass market in the U.S. and Eu-
rope starting in 2011.

Battery electric vehicle (BEV) is a
plug-in battery powered automobile
that is propelled by electric motor(s)
alone. Today's BEVs mainly use lithium-
ion batteries. Examples of this type of
car are Tesla Roadster, Think City, and
Nissan Leaf. In 2004, Californian elec-
tric car maker Tesla Motors began de-
velopment of the Tesla Roadster, which
was first delivered to customers in 2008.
Think Global is a Norwegian electric car
manufacturer. The first Think City elec-
tric car was manufactured in 1991. Ford
owned the company from 1999 until
2003, but today it is owned by various
investors, and cars have been manu-
factured by Finnish Valmet Automotive
since 2009. Nissan introduced its Nis-
san Leaf in Japan and the US. in 2010.
Nissan Leaf is the first all-electric, five-
door family hatchback produced for
the mass market by a major manufac-
turer. In November 2010, Nissan Leaf
was elected European Car of the Year
in 2011 by European car journalists as
the first electric car in the history of the
competition.



5.2 Market formation
in general and
in Finland

In the early 1990s, the California Air Re-
sources Board began a push for more
fuel-efficient, lower-emissions vehicles,
with the ultimate goal being a move to
zero-emission vehicles such as electric
vehicles. Toyota, Honda, Ford, and Gen-
eral Motors all developed electric ve-
hicles in the 1990s in order to comply
with the Zero Emission Vehicle Man-
date. Later, the mandate was relaxed
and the supply of battery-electric ve-
hicles almost disappeared in the ear-
ly 2000s.

After 2008, a new start began, and
after that, several forecasts have been
made of the diffusion of electric cars in
the 2010s. The most often referenced
forecasts in Finland are by Frost & Sulli-
van (2010) (referenced by Nylund et al.
2010 and Biomeri 2009). According to
Frost & Sullivan, sales of electric vehicles
in 2020 are expected to account for 7%
of all new car sales. Biomeri's basic sce-
nario for 2020 estimates that the share
could be 13% (10% hybrid plug-in elec-
tric vehicles and 3% battery electric ve-
hicles) (Biomeri 2009, 7).

Nylund et al. (2010, 26-27) present
a scenario for maximum sales of electric
carsin Finland. According to this scenar-
i0, 30% of new cars sold in 2020 could
be electric cars and the cumulative fleet
could be about 170,000 electric cars.
The maximum share of this fleet in to-
tal vehicle kilometres in Finland in 2020
could be 4-5%. According to Nylund, a
more realistic scenario would be 1-2%
(November 2010 interview).

The key factors affecting the diffu-
sion of electric cars (in addition to the
price of oil) are: the price and supply of

various types of electric cars, a reliable
and easy-to-use charging infrastructure,
and an extension of today's short range
of electric vehicles. It is often assumed
that the market penetration of hybrid
plug-in electric vehicles will occur fast-
er than that of battery electric vehicles
and that China will be the real forerun-
nerin the electric carindustry in the late
2010s.

5.3 Emerging electric vehicle
cluster in Finland

As in many other countries, the Finnish
industry first developed an interest in
electric cars after the first and second
oil crises. According to Haakana (2010),
companies such as IVO (today Fortum),
Neste (today Neste Oil), Kymi-Strom-
berg (today ABB), Saab-Valmet (today
Valmet Automotive), and Leo Laine Oy
were involved in small-scale experi-
ments in the area in the 1980s. In the
1990s, IVO's Elcat project manufactured
some 200 electric vehicles, and about
60 of them were in daily use in Suomen
Posti. Fortum closed the Elcat project in
2001, and Elcat Oy was acquired by its
personnel.

Some vyears later, based on inter-
national development, today's Finn-
ish electric vehicle cluster started to re-
emerge from various sources. In 2003,
Finnish Electric Vehicle Technologies
was established for developing battery
technology. The company was later in-
tegrated into European Batteries, which
was established in 2008. In 2007, the
Sahkodautot — Nyt! (The eCars — Now!)
user community was organized with
the idea to transform ordinary Toyota
Corolla combustion engine cars to elec-
tric cars. In 2008, Valmet Automotive
and an American premium car com-

pany, Fisker Automotive Inc, signed
a contract to manufacture Fisker Kar-
ma plug-in hybrid sports sedans in Fin-
land. Moreover, Fortum re-established
R&D activities in the area, followed later
by Helsingin Energia. Also, Ensto, Efore,
and some other manufacturers of elec-
tric devices started to develop products
for electric vehicles. Moreover, in Helsin-
ki Metropolia University of Applied Sci-
ences, a group of teachers and students
organized a project called Electric Race-
about for building an electric racing car
fora competition in the U.S.in 2010.The
first Electric Motor Shows were organ-
ized in Helsinki in 2009 and 2010.

Based on these kinds of initiatives,
the Ministry of Employment and the
Economy appointed the Electric Vehi-
cles in Finland Working Group to exam-
ine the prospects of electric vehicles in
Finland and elsewhere in February 2009.
In the background report, it was esti-
mated that there are about 40 Finnish
companies in the area, with net sales to-
talling 200 million Euros (Biomeri 2009).
As a conclusion, the working group set
an ambitious target for Finland in 2020:
"Net sales of the Finnish electric vehicle
cluster in 2020 are 1-2 billion Euros and
the number of employees several thou-
sands. Society enhances the diffusion of
electric and other energy efficient vehi-
cles in Finland. The share of electric ve-
hicles of all new cars sold in 2020 is 25%
(of which 40% are battery electric vehi-
cles)." (Ministry of Employment and the
Economy 2009, 7).

The following year, in 2010, the
Ministry of Employment and the Econ-
omy and Tekes commissioned a new
background report (Swot 2010) and
started preparations for a new tech-
nology programme. The Electric Ve-
hicle Systems Programme (EVE) was




launched in January 2011. According
to Tekes, "the programme is planned to
help electric vehicles and mobile ma-
chinery business development for Finn-
ish companies from the current approx-

imately 200 million Euros to around 2
billion Euros by 2020" (Tekes 2010). The
Electric Vehicle Systems Programme is
a five-year programme from 2011 to
2015 with a budget of 80 million Eu-

ros. In 2010, also Finpro made a study
on global trends and Finnish opportuni-
ties in the electric vehicle industry (Fin-
pro 2010).

European Batteries (established in 2008). The company's
roots are in Finnish Electric Vehicle Technologies (established
in 2003), which developed advanced battery management
systems and is today a part of the group. European Batteries
develops and manufactures large, rechargeable lithium-ion
based prismatic cells and battery systems. Its production fa-
cility in Varkaus, Finland, began operations in summer 2010.
It is the first independent large lithium-ion battery manufac-
turing unit in Europe. The plant aims to reach an annual pro-
duction capacity of 300 MWh by the year 2013 (= batteries for
about 10,000 cars). The company's technology partner is K2
Energy Solutions Inc. (USA). The focus is on large lithium-ion
batteries as well as in developing comprehensive, customer-
specific solutions. The company is owned by private inves-
tors and venture capital firms. In January 2011, Finnish Indus-
try Investment (a government-owned investment company),
Fennia Group (private insurance company), EM Group (fam-
ily-owned group which also owns Ensto), and private inves-
tors subscribed for European Batteries Ltd shares worth 13.7
million Euros in connection with a directed share issue organ-
ized by the company. In 2010, European Batteries had a turn-
over of 1 million euros and 70 employees. The expected turn-
over for 2011 is approximately 15 million euros.

Valmet Automotive (established 1969) has produced over
1 million combustion engine cars (Saab, Porsche, et al.). To-
day, Valmet Automotive is an engineering and manufactur-
ing partner for the THINK City (Norway) and Golf Car Garia
(Denmark) electric cars as well as for the premium plug-in
hybrid electric vehicle Fisker Karma (serial production start-
edin2011).The Norwegian THINK City car was introduced in
the Finnish market in 2010. With many Finnish partners, Val-
met Automotive has also developed an electric concept ve-

Company examples in the emerging Finnish electric vehicle cluster

hicle "Eva" (2010) to improve its capabilities and know-how
in designing and manufacturing electric cars. Today, Valmet
Automotive is owned by Metso Group, government-owned
Finnish Industry Investment, and private investment compa-
ny Pontos Group. Valmet Automotive's net sales in 2009 to-
talled 56 million euros, and it employs some 800 people in
Finland. In addition to the current electric car businesses in
Finland, in 2010 Valmet Automotive acquired the European
convertible roof system business of the Karmann company,
with production sites in Germany and Poland (net sales 180
million Euros and 700 employees).

Ensto (established in 1958) develops and manufactures
electric vehicle charging systems. First-generation products
for slow charging have been on the market since the begin-
ning of 2010.They have already been installed in several cit-
ies around northern Europe in addition to Finland. The big-
gest delivery so far is exported to Norway. Ensto is a fami-
ly-owned company established by Ensio Miettinen (1929-
2010), who was famous for his interest in innovations.

Fortum (formerly IVO, established in 1932), the biggest Finn-
ish energy company, has been involved in electric car devel-
opment projects since the 1980s. A new start took place in
2007-2008. Fortum is interested in promoting electric cars
in general (as a utility company) but also in developing a
charging infrastructure. In Finland and Sweden, the compa-
ny has some 100 charging points. One charging point, in Es-
poo, is based on solar energy. Together with other compa-
nies, Fortrum has also started to develop smart grid demon-
stration cases with charging services for electric vehicles. In
addition, Fortum is developing payment systems to be used
in public charging points.




5.4 Finnish strengths and
challenges in electric
vehicles

It is essential to notice that the Finnish
electric vehicle cluster includes, in ad-
dition to electric cars, a charging infra-
structure and related services, electric
mobile machinery, components (bat-
teries, electronics, and software), and
even new mining possibilities of ma-
terials used in batteries. More details of
some major companies in the cluster
are presented in Box 2.

The analysis of Finnish strengths
and challenges in electric vehicles can
be reasonably divided into two parts.
First, we can assess how quickly electric
vehicles may penetrate the Finnish mar-
ket, and second, we can explore Finn-
ish opportunities in creating new ex-
port products in the area. The Finnish
domestic market is so limited that all
companies need to aim at export; but
on the other hand, a swift development
in the home market would create nec-
essary testing, demonstration, and pi-
loting possibilities. Dynamic develop-
ment in the home market also serves
transport and climate policy objectives.
The new Tekes programme for elec-
tric vehicles focuses mainly on building
common test environments and is thus
serving both export and home-market
purposes.

As for Finnish strengths in the
home market, the most often men-
tioned factors are widespread use of
electrical heating plugs, which can eas-
ily be used for charging, and sources of

electricity in Finland. Due to the high
share of renewable and nuclear energy,
CO, emissions of electric cars in Finland
are 27-45 g/km. On the other hand, the
cold weather is a challenge for electric
batteries.

Valmet Automotive is the on-
ly passenger car manufacturer in Fin-
land. In international terms, it is a
small contract manufacturer of premi-
um specialty cars. Its move from com-
bustion engine cars to electric cars in
2008 took place because the manufac-
turing of Saabs had already ended in
2003 and the annual numbers of the
Porsche Cayman model manufactured
since 2005 are not increasing. Thus, Val-
met Automotive tries to use the shift
from internal combustion engines to
electric motors as a way to find new
markets and improve its position in the
industry.

Because of the lack of domestic car
manufacturers, Finnish component pro-
ducers have to make alliances with for-
eign companies. This may be difficult
because car manufacturers may want
to produce batteries in their own pro-
duction units. To overcome the prob-
lem, a Finnish component company
(Efore Oyj) announced in January 2011
that it would establish its first compo-
nent unit for electric cars in China.

Another possibility is that Finnish
manufacturers will specialize in making
components not for electric cars but
for other electric vehicles that are man-
ufactured by Finnish companies, such
as electric machinery, mobile electric
trucks, snow mobiles, etc.

In this report, biofuels and electric ve-
hicles are considered as potential cases
for green growth. The rate of greenness
of these technologies and businesses
depends on the role these technolo-
gies are estimated to play in achieving
the climate policy objectives in Finland
and elsewhere.

In Finland, the previously men-
tioned "Climate Policy Programme for
the Ministry of Transport and Com-
munications' administrative sector for
2009-2020" estimates the measures
needed to achieve a 16 per cent re-
duction of greenhouse gas emissions
in the transport sector from the 2005
level by 2020. In this programme, bio-
fuels and electric vehicles play the fol-
lowing roles. Some 20-25% of the re-
duction goal is achieved by biofuels if
their share in consumption is about
10% in 2020. The role of electric vehi-
cles is not specified because of the as-
sumption that the use of electric vehi-
cles in 2020 is so minor (about 1-2%
of vehicle kilometres). The main role
is given to the reduction in specific
emissions of new cars sold (60% of the
goal). It is estimated that the specific
emissions of the Finnish vehicle fleet
would be reduced by one-third from
2005 (180 CO, g/km) to 2020 (138 g/
km), and this is mainly achieved by




more efficient petrol and diesel cars. In
addition, some roles are given to trans-
port operators and to an increased use
of public transport, cycling and walk-
ing in urban areas. Traffic is expected
to grow annually by some 0.5-1.5 per
cent (Liikenne- ja viestintdministerio
2009).

The reduction in specific emissions
of new cars sold in Finland has been sig-
nificant in 2006-2010 due to changesin
taxation and the financial crises (Figure
4). Already in 2010, some 25% of new
cars sold meet the EU goal for 2015
(130 g/km) (TraFi 2011), but the prob-
lem is the slow renewal of the car fleet
as awhole.

In addition, even a slight increase
in road traffic can be enough to wipe

out the benefits of the increased use of
biofuels and electric vehicles. Therefore,
it has been underlined that the expect-
ed penetration of biofuels and elec-
tric vehicles does not alone lead to the
greening of the transport sector. In fact,
energy conservation by all other means
is at least as important as the use of bio-
fuels and electric vehicles. Energy con-
servation through smaller cars and en-
gines "is ultimately the most cost-ef-
fective way to reduce CO, emissions
in passenger car traffic" (Nylund et al.
2010, 111).

From this point of view, it is inter-
esting to note that the policy measures
for biofuels and electric vehicles have
mainly been taken in the areas of in-
novation, transport and economic pol-

icies, whereas the Ministry of the Envi-
ronment has focused more on meas-
ures to decrease the growth of trans-
port and to enhance public transport.
In the media as well, electric vehicles
and biofuels are far more prominent
than improvements in public transport
(Rinkinen 2010), in spite of the fact that
public transport did not increase at all
from 1990 to 2009, whereas passenger
kilometres in passenger cars increased
by 25% (Liikennetilastollinen vuosikirja
2010). There are Finnish companies like
Transtech Oy (city trams and railway
coaches) and Kabus Oy (hybrid busses)
that could merit more attention in pol-
icies supporting the electrification of
traffic and public transport.

Figure 4. The average CO, emissions of new passenger cars registered in Finland in 2006-2010

(TraFi 2011)
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In international comparisons, Finland is
not a forerunner in the production or
use of biofuels and electric vehicles. For
example, biofuels are more widely used
in Sweden and electric vehicles in Nor-
way (Ulmanen et al. 2009, Swot 2010).
However, the above analysis of Finnish
business actors and policies in these
fields indicates that companies and pol-
icy makers have tried to catch up to the
international forefront in recent years.
The emergence of the Finnish bio-
fuel and electric vehicle fields has been
strongly policy-driven. In addition to EU
policy, there have been many national
initiatives. The emergence of the Finn-
ish electric vehicle cluster resembles
the strategic niche management ap-
proach developed in the Netherlands.
In this tradition, the basic idea is that
new radical technologies need protec-

tion in the early phase of their develop-
ment because old dominant technolo-
gies have many advantages in terms of
prices, reliability, performance, and in-
frastructure. Recently, Smith & Raven
(2010) have specified different forms
and goals of protection. Their model is
presented in Table 3. We have inserted
in the table major Finnish policy meas-
ures supporting the development in
the biofuel and electric vehicle fields. It
shows that Finnish policy is oriented to-
ward nurturing new technologies and
changing permanent rules (such as car
taxation) instead of temporarily shield-
ing new technologies (such as tempo-
rary tax exemptions or subsidies and
special permits for driving and parking),
which have been popular in many oth-
er countries. In the short term, particu-
larly strong temporary shielding quick-
ly creates a market for new solutions,
but in the long run, there is a risk that

this kind of policy creates uncertain-
ty among producers and users about
the stability of the policy. Permanent
changes in institutional rules in relation
to all types of technologies and cars and
their use may therefore work better in
the long term.

In nurturing the new fields, it
seems that various Tekes programmes
and the TransEco network programme
have a significant role in supporting
R&D activities in private companies and
building networks and sharing learning
between researchers, company repre-
sentatives and policy makers. The VTT-
driven TransEco network programme
seems to have a special role also in voic-
ing and shaping expectations. TransEco
programme aims to provide "tools for
adapting the Finnish road transport sys-
tem in a cost-effective way to nation-
al and EU-level climate and energy tar-
gets. The data generated within the

Table 3. Major Finnish policy measures in relation to biofuels and electric vehicles by form and goal of protection

(Based on Smith & Raven 2010 typology).

Form of protection

Temporary shielding

Nurturing

Permanent empowering

e.g., special permits for driving
and parking)

for biofuels and charging systems

Economic Temporary tax exemptions Investment support Car tax based on energy consump-
tion and CO, emissions
Institutional NOT so far in Finland (in Sweden, Participation in creating standards | Mandatory share of biofuel

Binding objectives for CO,
emissions of cars

Socio-cognitive

Electric car working group in 2009

Tekes programmes for biofuels
and electric vehicles

TransEco network programme

2009 - 2020

vation Policy 2010

Cultural Electric car — now! - social Media activity on biofuels and Electric cars in car shows and
movement electric cars car races
Geographic - Infrastructure pilots in the metro- -
politan area
Political Transport Climate Programme Demand and User-Driven Inno- National Renewable Energy Action

Plan 2010




programme will be used as input in the
process of drafting and implementing
EU directives, for the selection and im-
plementation of the energy pathways
most suitable for Finland and for sup-
porting technology exportation. ... The
programme is extensively supported by
the public sector (ministries and agen-
cies), as well as by industry" (www.tran-
seco.fi). It is clear that the new Finnish
car and fuel taxation and the policy of
mandatory shares of biofuels have been
heavily influenced by VTT researchers
within the TransEco programme. More-
over, in February 2011, the Ministry of
Transport and Communications pub-
lished a special report written by Re-
search professor Nils-Olof Nylund at
VTT on the future role of electric vehi-
clesin the Finnish transport system (Ny-
lund 2011).

Earlier in this Section, we argued
that green innovation policy in the area
of transport needs to be multifaceted,
dynamic, and coherent. In the follow-
ing, we comment on the policies from
these perspectives. There still is need for
improvements in the activities and pol-
icies of different actors because in both
biofuels and electric vehicles, there still
is a risk that necessary innovations, in-
vestments, and penetration rates do
not transcend critical boundaries.

7.1 More user-orientation
in policies

Biofuels have been an easy solution
for the car user so far — you do not
even need to be aware of the change.
Therefore, no strong incentives for us-
ers have been considered necessary.
The poor success of the E10 fuel, how-
ever, shows that even a minor possibil-

ity of risk in the absence of any positive
incentives affects the buying practices
of consumers.

Even if the CO,-based car taxation
has brought an incentive for the user to
choose less emitting cars, we argue that
more efficient incentives are needed to
make the new car technologies and
smaller cars more attractive to the user.
Both safety considerations and a gener-
al“status factor”have led to the increas-
ing size of new passenger cars, which
partly counteracts the technology im-
provements for greenhouse gas emis-
sion reduction. Commuting distances
have also increased over the years.

In addition to sufficient and more
progressive CO,-based taxation, new
kinds of measures to affect consum-
er behaviour need to be developed.
Mere information on the benefits of
small cars, diesel cars, hybrid cars, elec-
tric cars, etc,, is not sufficient. Consum-
ers seek comfort, safety, luxury, design,
and “status”when purchasing a car. Car
manufacturers are key players in this:
they act when the support for a cer-
tain technology is sufficiently stable. A
success story in this respect is the de-
velopment of diesel cars over the years
due to stable support in Europe. Diesel
cars have been transformed from ro-
bust “working machines” to comforta-
ble cars during the past decades.

One specific target for public sup-
port is a system change like RE85 fuels
and electric vehicles, where the “chick-
en-egg-problem” hampers develop-
ment. Fuel distribution does not devel-
op because the number of compatible
cars is small, and vice versa. Electric cars
are difficult to use because the charging
systems have not been developed. One
possibility for giving a positive sign to all

parties of the system is public procure-
ment. Purchasing new vehicle types for
special purposes and visible uses gives
rise to an improved infrastructure and
sets an example for car users. As a stepin
this direction, in January 2011, a group of
influential representatives of the Finnish
private and public sectors gathered to-
gether with the aim of building a world-
class innovation cluster for business re-
lated to electric vehicles, intelligent traf-
fic systems, and smart grids in Finland.
The first concrete step is to form a test
fleet of 500 electric vehicles for the Hel-
sinki Metropolitan area during 2011-
2012 (Tekes/Eera Oy 2011).

7.2 Roadmap of greener
passenger transport

There seems to be a risk that the miti-
gation of climate change in private pas-
senger transport is seen as a competi-
tion between biofuels (combined with
improvements of the combustion en-
gine) and electric vehicles. We argue
that the greening of road traffic should
instead be seen as a roadmap (from the
combustion engine vehicles to sustain-
able future mobility solutions that we
do not even recognize yet). Reliance on
a single dominant solution may include
a risk of developing a lock-in-situation,
where either heavy investment in pro-
duction facilities or dependence on a
given infrastructure limits the possibil-
ities for future development.

In addition, the improvement of
private cars should be accompanied by
support for public transport; both bus
transport and rail traffic, and bicycling
in cities. The Ministry of Transport and
Communications is relatively pessimis-
tic about the role of the planned meas-
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ures for reducing passenger car traf-
fic through public transport, walking,
and cycling to reduce greenhouse gas
emissions (Liiikenne- ja viestintdminis-
terid 2009). However, environmental-
ists consider public transport, especial-
ly rail traffic, the most important means
to improve the sustainability of passen-
ger transport, because no cars are to-
tally emission-free and do not solve
the land-use and congestion problems
of road traffic (Vihred Lanka 2010). As
mentioned earlier, there are also Finnish
business opportunities in public trans-
port vehicles.

The first steps in the road map of
private road transport (already ongoing)
include engine development and reduc-
tion of car size (Regulation 443/2009 EC)
and enhancement of biofuels (Directive
2009/28 EC; the Finnish legislation for
the implementation of the directive was
approved by the Finnish Parliament in
December, 2010). Engine development
is expected to contribute by approxi-
mately 60% to the estimated reduction
of greenhouse gases of traffic. Biofuels
offer an easy transition contributing to
this development without a need for a
major change in either distribution infra-
structure or car fleet.

One of the major challenges in the
biofuel programme is the availability of
raw materials. Palm oil as biodiesel raw
material and sugar-cane-based etha-
nol are not feasible sources of bioen-
ergy for Finland in the long run. Espe-
cially first-generation biofuels are con-
sidered to threaten food production,
causing global increases in food pric-
es and offering little improvement in
greenhouse gas emissions (Doorn-
bosch and Steenblik 2007). Also, palm

oil is mainly used for food industry pur-
poses and the increased use for energy
production causes pressures for availa-
bility and land use in the main produc-
tion areas, Indonesia and Malaysia (Ny-
lund et al. 2008) — already manifested in
strong public criticism against the use
of palm oil. Therefore, the ongoing re-
search with the aim of finding new raw
materials for biodiesel production, like
jatropha and microbial biomass, should
be intensively continued.

Instead, cellulosic and wood-
based raw materials would offer a do-
mestic and sufficient source of biofuel
raw materials, even for the present pro-
grammes. However, when public sup-
port is considered, wood as a new raw
material source should be seen as a re-
placement for imported raw materi-
als for biofuels for the domestic mar-
ket rather than as an additional mate-
rial stream allowing major export busi-
ness in biofuels.

These measures, even if necessary,
are not sufficient in the long run. We are
convinced that more radical changesin
the transport system are needed. One
of the promising solutions for car trans-
port is the development of electric ve-
hicles. The potential of electric vehicles
to reduce greenhouse gas emissions is
good, as their energy efficiency is better
“from well to wheel” than that of com-
bustion engine cars. For example, de-
pending on the variables used, one cu-
bic metre of wood as biodiesel allows
a car to drive approximately 1700 km
(1500-2000), and electricity produced
from the same amount of wood gives
power for approximately 4700 km
(3800-5600) (Figure 5).

As the electric vehicle system dif-
fersin a profound way from the present
system, the change takes more time
and requires more support to allow the
transition of the socio-technical system
(Geels & Schot 2007). Today it seems
that electric vehicles are not compet-
itive in Finland where distances are
long, but technical development may
change the situation - as it has done
with many so-called disruptive innova-
tions (Christensen 1997).

There seems to be a general agree-
ment about the importance and ex-
port potential of the business in compo-
nents and infrastructures for electric ve-
hicles compared to the significance of
car manufacturing in Finland (Swot 2010,
Nylund et al. 2010, 109, 110). However, it
has also been argued that the business
advantage of support for electric vehi-
cles is low Finland, which has no signif-
icant car manufacturing. Therefore, the
support should not be solely directed to
the use of electric cars (e.g., in the form
of specific lanes), but to a large extent to
the development of proper infrastruc-
ture for charging and maintenance of
the cars. However, domestic use of elec-
tric vehicles is needed for the support of
the infrastructure and component busi-
ness. The cluster initiatives of the Min-
istry of Employment and the Economy
and Tekes are steps in the right direction.

The electric vehicle is not an ulti-
mate sustainable solution for mobility
either. The long-term objectives require
a more thorough consideration of the
future of mobility, which could include
different kinds of flexible combinations
of public and private transport means.
Support for research and development
in this area is needed.




Figure 5. Comparison of the energy efficiency of diesel cars and electric cars. Kilometres driven using 1 m3 (solid) of wood as the fuel

Condensing
power plant

2nd generation
biodiesel

7.3 From efficient vehicles
to efficient transportation

The above roadmap is based on the
idea of green growth, which has re-
cently been studied extensively by the
OECD (OECD 2009), and the possibility
of companies to develop shared value,
which is simultaneous advancement
of economic and social conditions. It
requires from the companies a strate-
gic and long-term approach to soci-
etal activities. From the government, it

1,1 MWh

requires regulation with clear and pre-
dictable goals without prescriptions for
the means for achieving those (Porter &
Kramer 2011).

The green growth approach has,
however, been criticized by the so-
called degrowth-movement. This
movement advocates for a diminished
focus on economic growth, because
growth in consumption and the use
of natural resources is bound to nulli-
fy the impact of technological improve-
ments (e.g., Jackson 2009). The criticism

4700 km

1700 km

of the degrowth movement is targeted
towards GNP as the major indicator of
well-being in macroeconomics and the
pressures towards ever-increasing con-
sumption.

Traffic is indeed an area where
the growing volumes tend to offset
all improvements in the eco-efficiency
achieved by improved cars and better
fuels (e.g., Tapio 2005). Therefore, these
so-called rebound effects (Hofstetter et
al. 2006, Hertwich 2005) are very rele-
vant in this sector2 In the case of trans-

2 "ARebound Effect (also called a Takeback Effect or Offsetting Behavior) refers to increased consumption that results from actions that increase
efficiency and reduce consumer costs. For example, a home insulation program that reduces heat losses by 50% does not usually result in a full
50% reduction in energy consumption, because residents of insulated homes find that they can afford to keep their homes warmer. As a result,
they reinvest a portion of potential energy savings on comfort. The difference between the 50% potential energy savings and the actual savings
is the Rebound Effect” (TDM Encyclopaedia 2002).



port, the main rebound issues are the
generation of more traffic as a result
of road construction aimed at reduc-
ing congestion, increased driving en-
hanced by reduced fuel consumption
of cars, and the increase of “risky”driving
because of the improved safety of cars
and roads (TDM Encyclopaedia 2002).
One of the findings of this study indi-
cates that electric cars may be consid-
ered as “third cars of the family”that are
used for additional driving.

Therefore, the policies for green-
ing passenger transport need to be de-
signed to reduce the rebound effects.
Policies that require manufacturers to
sell more fuel-efficient vehicles (like
Regulation 443/2009 EC) were found to
increase driving miles, thus increasing
congestion and cost for roads and park-
ing and decreasing traffic safety. Alter-
native fuels, like biofuels, have the same
impacts, but somewhat milder ones,
because the cost of biofuels is relative-
ly high. To the contrary, fuel taxes and
mileage-dependent insurance policies
tend to reduce driving (Litman 2005).

The future goals for the greening
of traffic include the demand to reduce
traffic based on private cars, which re-
quires a good infrastructure (short dis-
tances, bicycle routes, etc.) and pub-
lic transport to avoid adverse effects
on overall mobility. The ultimate ques-
tion about the need to reduce overall
mobility would be a significant change
to the present attitude of most people
and would probably also include ad-
verse social impacts.

Most of our hypotheses presented in
the beginning of this Section in rela-
tion to business actors and their ac-
tivities are supported by empirical ev-
idence. The relative significance of new
entrants is higher in the electric vehi-
cle field than in the biofuel field. How-
ever, the difference is not large. In bio-
fuels, St1 can be considered as a new
entrant and in electric vehicles, old in-
cumbents such as Valmet Automotive
and Fortum play important roles in ad-
dition to new entrants such as Euro-
pean Batteries. Co-operation between
companies seems to be tighter and
more open in the Finnish electric ve-
hicle cluster than in the biofuel field.
At least there is clear competition be-
tween the biodiesel projects of differ-
ent forest companies and their collab-
orators. Valmet Automotive and Neste
QOil are examples of internationally rela-
tively small incumbent companies that
try use shifts to electric cars and biofu-
els to improve their positions in the in-
dustry. Venture capital companies have
invested mainly in the electric vehicle
field (e.g., Valmet Automotive and Euro-
pean Batteries). There are Schumpete-
rian-type entrepreneurs in both fields,
such as Mika Anttonen in St1 and Ensio
Miettinen and his family in Ensto and
European Batteries.

The emergence of the Finnish
electric vehicle cluster has been main-
ly based on national and relatively

small initiatives by old large and new
small companies, research and educa-
tional institutions, and a user commu-
nity. It has also been supported by sev-
eral public innovation policy initiatives.
Compared to the biofuel development
there are some clear differences. Biofu-
el development has been more direct-
ly driven by the EU and by climate and
energy policies, compared to the de-
velopments in electric vehicle cluster.
Companies in the biofuel and electric
vehicle fields are totally different, as as-
sumed in our framework. Only minis-
tries, Tekes, and VTT Technical Research
Centre play roles in both sectors. Espe-
cially the TransEco programme initiat-
ed by VTT Technical Research Centre in
2009 on energy efficiency and renew-
able energy in road transport is a pro-
gramme that covers both advanced bi-
ofuels and technology for hybrid and
electric vehicles, as well as ICT solutions
for road transport (www.transeco.fi).
The emergence of a national elec-
tric vehicle cluster resembles the stra-
tegic niche management approach de-
veloped in the Netherlands (Schot &
Geels 2008), even though the concept
is not used in Finland in this context. At-
tempts are made to create a new path
for electric vehicles through a collab-
orative approach without any strong
managerial core. "So far, this has been a
small partisan group, and not a hierar-
chical army unit", said a company repre-
sentative in an interview. The new Tekes
programme "seeks to create a commu-
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nity of electric vehicle companies and
researchers in Finland. That community
would have close links to internation-
al research and business networks', says
Teija Lahti-Nuuttila, Tekes's director for
the energy area (Tekes 2010).

The emergence of the electric ve-
hicle cluster can be characterized as a
bottom-up process, whereas Finnish
investments in biofuels follow a more
top-down logic. In innovation literature,
bottom-up development is often also
labelled as "bricolage" (= to make cre-
ative and resourceful use of whatever
materials are at hand regardless of their
original purpose), whereas top-down
development is termed a breakthrough
strategy (Garud & Karnge 2003).

The title and a key question of this
section was whether biofuels and elec-
tric vehicles can contribute to green
growth in Finland. Based on the em-
pirical evidence and the visions of in-
terviewed persons in different organi-
zations presented here, we can give a
positive answer. In the short term, in
the 2010s, both biofuels and electric
vehicles offer new business possibili-
ties to Finnish firms. However, the pre-
requisite is that the second-generation
biofuel technologies (mainly based on
wood and waste) prove to be successful
and that in the electric vehicle cluster,
companies succeed in using the home
market as a good demonstration case
to develop export products and busi-
ness alliances with foreign companies
in the industry.

In the short term, the increas-
ing uses of biofuels, and to some ex-
tent electric cars, plays a role in achiev-
ing the climate policy objectives. Yet a
major role is played by more efficient
motors, smaller cars, and hopefully al-
so by an increasing use of public trans-
port, cycling, and walking in urban are-
as. Public transport and related technol-
ogies also offer business opportunities
to Finnish companies, which have not
been fully recognized. In the long run,
it is expected that electric vehicles play
a greater role than biofuels in achieving
the very demanding climate policy tar-
gets for 2050. Therefore, it is important
that policies simultaneously supportin-
cremental and radical innovations, and
that in the future, solutions are not on-
ly sought by developing more efficient
vehicles but also by focusing on the
whole transport system and mobility
needs.

Acknowledgements

The research on which this article is
based has received funding, in addition
to the FOPET project (Tekes), from the
Academy of Finland (Contract 127288,
Path Dependence and Path Creation in
Energy Systems:

A Multi-level Perspective on Tech-
nological, Business and Policy Innova-
tions).

Interviewed persons
in different organizations

e Electric car — Now! Community
activist Jiri Réscéinen 28.9.2010.

e Ensto: Director (new technologies)
Matti Rae 17.9.2010

e Fortum: Research Director
(new technologies)

Eero Vartiainen 19.9.2010

s Green Net Finland: Development
Manager (urban energy efficiency)
Arto Haakana 29.9.2010.

o Metsaklusteri Oy (Forestcluster
Ltd): CEO Christine Hagstrom-Ndisi
8.9.2010.

o Neste Qil: Vice President (Business
Development) Timo Sarikkola
1.10.2010.

o St1 Biofuels Oy: Managing Director
Mika Aho 19.10.2010.

s Tekes: Chief Technology Adviser
Martti Korkiakoski 13.9.2010

e UPM: Senior Vice President
(Technology) Markku Karlsson
1.10.2010.

s VTTTechnical Research Centre of
Finland: Research Professor
Nils-Olof Nylund 17.11.2010.



References

Biomeri Oy 2009. Sahkdajoneuvot
Suomessa —selvitys. 6.8.2009. Tyo-
ja elinkeinoministerié (http://www.
tem.fi/files/24099/Sahkoajoneuvot_
Suomessa-selvitys.pdf).

Cepi 2007. Using wood for paper first and
for energy last. Bioenergy Leaflet by
the Confederation of European Paper
Industries. www.cepi.org.

Christensen, C. 1997.The innovator’s
dilemma. When new technologies
cause great firms to fail. Harvard
Business School Press.

Directive 2009/28/EC of the European
Parliament and the Council on the
promotion of the use of energy from
renewable sources and amending
and subsequently repealing Directives
2001/77/EC and 2003/30/EC.

Doornbosch, R. & Steenblik, R. 2007.
Biofuels: Is the cure worse than
the disease? OECD Round Table on
Sustainable Development11-12-
September, 2007. SG/SD/RT(2007)3.
Web publication.

Finpro 2010. Electric vehicle — global
trends and Finnish opportunities.
Finpro Study Workshop 25.11.2010.

Frost & Sullivan 2010. 360 Degree
Perspective of the Global Electric
Vehicle Market. Automotive &
Transportation Group. A presentation
at VTT Seminar 27.4.2010.

Geels, FW. 2004. From sectoral systems of
innovation to socio-technical systems
— Insights about dynamics and change

from sosiology and institutional theory.

Research Policy 33: 897-920.

Geels, F.W. & Schot, J. 2007. Typology of
sociotechnical transition pathways.
Research Policy 36: 399-417.

Geels, EW. & Turnheim, B. 2010. The
destabilization of existing regimes in
socio-technical transitions: A multi-
dimensional framework and case
study of the British coal industry (1913
—1970). Paper for the Sussex Energy
Group Conference, 25t-26t February
2010, University of Sussex.

Haakana, A. 2010. Julkaisematon diasarja
sahkdautotekniikan kehityksesta
(Unpublished PPP-presentation on
electric vehicles).

Heiskanen, E., Kivisaari, S., Lovio, R. &
Mickwitz, P. 2009. Designed to travel?
Transition management encounters
environmental and innovation policy

histories in Finland. Policy Sciences 42:

409-427.

Hertwich, E. 2005. Consumption and the
rebound effect: an industrial ecology
perspective. Journal of Industrial
Ecology 9 (1-2): 85-98.

Hetemaki, L. & Hanninen, R. 2009. Arvio
Suomen puunjalostuksen tuotannosta
ja puunkdytosta vuosina 2015 ja 2020.
Metlan tydraportteja 122.

Hetemaki, L. 2008. Puu energiaksi vai
paperiksi (Wood for energy or for
paper). BioEnergia 6/2008: 9-11.

Hillman, KM, Suurs, RA.A., Hekkert, M.P
& Sandén, B.A. 2008. Cumulative
causation in biofuels development: a
critical comparison of the Netherlands
and Sweden. Technology Analysis &
Strategic Management 20 (5): 593-
612.

Hockerts, K. & Wistenhagen, R. 2010.
Greening Goliaths versus emerging
Davids — Theorizing about the role
of incumbents and new entrants in
sustainable entrepreneurship. Journal
of Business Venturing 25 (5): 481-492.

Hofstetter, P, Madjar, M. & Ozawa, T.
2006. Happiness and sustainable
consumption. Psychological and
physical rebound effects at work
in a tool for sustainable design.
International Journal of LCA 11: 105-
115.

IEA WEO. 2006. IEA World Energy Outlook
2006.

IEA 2011. Ol in IEA total in 2008.
http://www.iea.org/stats/oildata.
asp?COUNTRY_CODE=20 (26.2.2011)

Jackson, T. 2009. Prosperity without
growth. Earthscan.

Kauppa- ja teollisuusministerié 2006.
Liikenteen biopolttoaineiden
tuotannon ja kdytén edistdminen
Suomessa. Tyéryhméan mietinto. KTM
Julkaisuja 11/2006.

Kivimaa, P. & Mickwitz, P. 2009. Making
the Climate Count. Climate Policy
Integration and Coherence in Finland.
The Finnish Environment 3/2009.

Kivimaa, P. 2008. The innovation effects
of environmental policies — Linking
policies, companies and innovations
in the Nordic pulp and paper industry.
Helsinki School of Economics A-329.

Karha, K., Elo, J,, Lahtinen, P. & Résanen, T.
2009. Puupolttoaineiden saatavuus
ja kdyttd Suomessa vuonna
2020. Metsétehon tuloskalvosarja
9/2009. http://www.metsateho.fi/
files/metsateho/Tuloskalvosarja/
Tuloskalvosarja_2009_09_
Puupolttoaineiden_saatavuus_ja_
kaytto_kk.pdf (25.1.2011)

Lampinen, A. 2009. Uusiutuvan
energian tiekartta (Roadmap for
renewable fuels). Pohjois-Karjalan
ammattikorkeakoulun julkaisuja B:17.
(web publication)



http://www.tem.fi/files/24099/Sahkoajoneuvot_Suomessa-selvitys.pdf
http://www.cepi.org
http://www.iea.org/stats/oildata.asp?COUNTRY_CODE=20
http://www.metsateho.fi/files/metsateho/Tuloskalvosarja/Tuloskalvosarja_2009_09_Puupolttoaineiden_saatavuus_ja_kaytto_kk.pdf

Likenne- ja viestintdministerié 2009.
Liikenne- ja viestintdministerion
hallinnonalan ilmastopolitiinen
ohjelma 2009 — 2020 (Climate
Policy Programme for the Ministry
of Transport and Communications'
administrative sector for 2009 — 2020).
Ohjelmia ja strategioita 2/2009.

Liikenne- ja viestintdministerid 2010.
Liikenne- ja viestintaministerion
hallinnonalan ilmastopoliittinen
ohjelma 2009 — 2020. Seuranta 2010.
LVM Julkaisuja 28/2010. (Ministry
of Transport and Communications.
Climate Policy Programme for
the Ministry of Transport and
Communications' administrative sector
for 2009 — 2020 — A progress report
2010.) Publications of the Ministry
of Transport and Communications
28/2010.

Liikennetilastollinen vuosikirja 2010
(Transport and Communications
Statistical Yearbook for Finland).
Tilastokeskus.

Litman, T. 2005. Efficient vehicles versus
efficient transportation. Comparing
transportation energy conservation
strategies. Transport Policy 12:121-
129.

Lovio, R, Mickwitz, P & Heiskanen, E. 2011.
Path dependence, path creation and
creative destruction in the evolution
of energy systems. In: Wiistenhagen,
R. & Wuebker, R. (eds.). Handbook of
Energy Entrepreneurship. Edwar Elgar.

Mickwitz, P. et al. 2009. Climate
Policy Integration, Coherence
and Governance. PEER Report
No 2. Partnership for European
Environmental Research.

Ministry of Employment and the
Economy (2009). Sdhkdajoneuvot
Suomessa (Electric vehicles in Finland).
Tydryhmamietint® 6.8.2009.

Ministry of Employment and the
Economy 2010. Hallituksen esitys
eduskunnalle laiksi biopolttoaineiden
kdyton edistamisestd annetun lain
muuttamisesta. 16.9.2010.

Nylund, N-O. 2010. Unpublished PP
presentations. Autumn 2010.

Nylund, N-O. 2011. Sahkdautojen
tulevaisuus Suomessa. Sdhkdautot
likenne- ja ilmastopolitiikan
nakokulmasta. Liikenne- ja
viestintdministerion julkaisuja 12/2011.

Nylund, N-O., Aakko-Saksa, P. & Sipild, K.
2008. Status and outlook for biofuels,
other alternative fuels and new
vehicles. VTT Research Notes 2426.
Espoo: VTT.

Nylund, N-O,, Sipilg, K., Mdkinen, T. &
Aakko-Saksa, P. 2010. Polttoaineiden
laatuporrastuksen kehittdminen
(Developing the quality-based
graduation of fuels). VTT Tiedotteita —
Research Notes 2528. Espoo: VTT.

OECD 2009. Eco-innovation in industry —
enabling green growth. OECD. Paris.

Paasi, J., Lahtinen, R, Kalliohaka, T. &
Kyto, M. 2008. Biopolttonesteiden
turvallinen jakelu: Loppuraportti
(Safe distribution of liquid biofuels:
Final report). VTT Tutkimusraportti
VTT-R-07049-08.

Porter, M. E.& Kramer, M.R. 2011. Creating
shared value. Harvard Business
Review 89 (January-February): 62-77.

Raven, R.2007. Niche accumulation and
hybridisation strategies in transition
processes towards a sustainable
energy system: An assessment of
differences and pitfalls. Energy Policy
35 (4): 2390-2400.

Regulation 443/2009/EC of the European
Parliament and of the Council setting
emission performance standards for
new passenger cars as part of the
Community’s integrated approach to
reduce CO2 emissions from light-duty
vehicles.

Rinkinen, J. 2010. Likkenne mediassa —
Kilpailevat tulevaisuudet sahkoautosta
autottomuuteen (Traffic in the media:
Competing visions from electric cars
to car free future). Suomen Ymparisto
21/2010.

Schot, J. & Geels, EW. 2008. Strategic
niche management and sustainable
innovation journeys: theory, findings,
research agenda, and policy.
Technology Analysis & Strategic
Management 20 (5): 537-554.

Sengers, F, Raven, R.PJ.M. & Van Venrooil,
A.2010. From riches to rags: Biofuels,
media discources, and resistance to
sustainable energy technologies.
Energy Policy 38,5013 — 5027.

Smith, A. & Raven, R. 2010. Niche
protection in sustainable transitions.
Unpublished article submitted to
Research Policy.

Swot Consulting Finland 2010. Hypataan
kyytiin — keskittdmalla tuloksia.
Selvitys sahkdajoneuvoklusterin
liketoimintamahdollisuuksista.
Loppuraportti 6.8.2010. Tekes.

TDM Encyclopaedia 2002. Rebound
Effects. Implications for Transport
Planning. Victoria Transport Planning
Institute. http://www.vtpi.org/tdm/
tdm64.htm (26.1.2011)

Tekes 2010. Suomesta koekenttd
sahkdajoneuvojen jérjestelmien
testaamiseen. Tekes tiedote
17.12.2010.


http://www.vtpi.org/tdm/tdm64.htm
http://www.vtpi.org/tdm/tdm64.htm

Tekes/Eera Oy 2011. 500 electric vehicles'
test fleet to Helsinki Metropolitan area
next year. Press release 21.1.2011.

TraFi 2011. Henkil6autojen CO2-paastot
alle 150 g/km. TraFin tiedote 25.1.2011.

TransEco Programme: www.transeco fi.

Tapio, P.2005. Towards a theory of
decoupling: Degrees of decoupling
in the EU and the case of road traffic
in Finland between 1970 and 2001.
Transport Policy 12(2): 137-151.

Ulmanen, J.H., Verbong, PJ. & Raven,
R.PJ.M. 2009. Biofuel developments
in Sweden and the Netherlands —
protection and socio-technical change
in a long-term perspective. Renewable
and Sustainable Energy Reviews 13:
1406-1417.

van der Laak, WW.M,, Raven, R-PJM. &
Verbong, G.PJ. 2006. Strategic niche
management for biofuels: Analysing
past experiments for developing new
biofuel policies. Energy Policy 35:
3213-3225.

Verbong, G., Geels, FW. & Raven, R. 2008.
Multi-niche analysis of dynamics
and policies in Dutch renewable
energy innovation journeys (1970-
2006): hype-cycles, closed networks
and technology-focused learning.
Technology Analysis & Strategic
Management 20 (5) 555-573.

Vihred Lanka 2010. Interview of Oras
Tynkkynen, Vihred Lanka 20.8.2010.
Wistenhagen, R. & Wuebker, R.
(eds.). 2011. Handbook of Energy
Entrepreneurship. Edwar Elgar.
Oljy- ja kaasualan vuosikirja 2009
(Yearbook of Finnish Oil and Gas
Federation).



http://www.transeco.fi

Tekes Reviews in English

282/2011

280/2011

279/2010
278/2010

276/2010

275/2010

274/2010

272/2010
267/2010

264/2009

263/2009

259/2009

254/2009
242/2009

241/2008

239/2008

236/2008

232/2008

231/2008
228/2008

Towards green growth? The position of Finland in environmental technologies. Raimo Lovio,
Tuomo Nikulainen, Christopher Palmberg, Jenny Rinkinen, Armi Temmes and Kimmo Viljamaa.
59 p.

Network governance and the Finnish Strategic Centres for Science, Technology and Innovation.
Kaisa Lahteenmaki-Smith, Petri Uusikyla, Katri Haila, Antti Eronen and Pekka Kettunen. 57 p.
New Economic Perspectives of Innovation Market. Jari Hyvarinen. 78 p.

Safety and Security Business Opportunities in World Bank projects. Annamari Paimela-Wheler
and Maija Arellano. 40 p.

BioRefine Yearbook 2010. Tuula Mékinen, Eija Alakangas and Marjo Kauppi (eds.) 188 p.

ROADMAP for Communication Technologies, Services and Business Models 2010, 2015 and
Beyond. Pekka Ruuska, Jukka Makeld, Marko Jurvansuu, Jyrki Huusko and Petteri Mannersalo.

47 p.

Business Dynamics and Scenarios of Change. Petri Ahokangas, Miikka Blomster, Lauri Haapanen,
Matti Leppaniemi, Vesa Puhakka, Veikko Seppanen, Juhani Warsta. 65 p.

The Future of Service Business Innovation. 75 p.

Silicon Valley Journey — Experiences of Finnish IT Startups from Dot-Com Boom to 2010.
Raija Rapo & Marita Seulamo-Vargas. 176 p.

BioRefine Programme 2007-2012. Yearbook 2009.

Drive for Future Software Leverage — The Role, Importance, and Future Challenges of Software
Competences in Finland. Mikael von Hertzen, Jyrki Laine, Sami Kangasharju, Juhani Timonen
and Maarit Santala. 93 p.

Technology Transfer of Research Results Protected by Intellectual Property: Finland and China.
Rainer Oesch. 28 p.

Evaluation of Bioprocessing Expertise in Finland. Colja Laane. 22 p.

Foresight for Our Future Society — Cooperative project between NISTEP (Japan) and Tekes
(Finland). Eija Ahola and Mikko Syrjénen. 59 p.

FinNano Programme — Intermediate Evaluation. Pekka Koponen, Juho-Kusti Kajander and Matti
Kuusisto. 20 p.

BioRefine Programme 2007-2012. Yearbook 2008. Eija Alakangas & Tuula Mékinen, eds. 130 p.

Major challenges for the governance of national research and innovation policies in small
European countries. Mari Hjelt, Pim den Hertog, Robbin te Velde, Mikko Syrjanen and Paavo-
Petri Ahonen. 65 p.

Future of Enterprise Mobile Devices — From Tornado Age through Value Mess onwards to
Mobile Things That Think. J.Kotovirta and M.Nurmela. 19 p.

Mobile Enterprise Applications and Business Models. 24 p.
MASI Technology Programme 2005-2009. Yearbook 2008.

Subscriptions: www.tekes.fi/fenglish/publications


www.tekes.fi/english/publications

Further information
Christopher Palmberg

Tekes
christopher.palmberg@tekes.fi

Pekka Pesonen
Tekes
pekka.pesonen@tekes fi

Tekes - Finnish Funding Agency for
Technology and Innovation

Tel. +358 10 191 480

Fax +358 9 694 9196
Kyllikinportti 2, PO. Box 69
FI-00101 Helsinki, Finland
E-mail: tekes@tekes fi
www.tekes fi

April 2011

ISSN 1797-7339
ISBN 978-952-457-525-6

Tekes



mailto:christopher.palmberg@tekes.fi
mailto:pekka.pesonen@tekes.fi
mailto:tekes@tekes.fi
http://www.tekes.fi

	282/11 Towards green growth? – The position of Finland in environmental technology
	Contents
	Foreword
	Section 1 A synthesis of findings
	1 Introduction
	2 Environmental technologies may drive the next wave of innovation
	3 Green growth requires radical and system- level transitions
	4 Finland has strengths in environmental technologies but lacks a clear specialization in renewable energy
	5 Biofuels and electric vehicles could contribute to green growth in Finland
	6 Policies for green growth need to be broad-based and risk-oriented

	Section 2 Towards green growth? – The position of Finland in environmental technologies
	1 Introduction
	2 Environmental technology investments globally
	3 Increasing policy support through stimulus packages
	4 Environmental technology patenting globally
	4.1 Trends by technology areas
	4.2 The position of regions and countries
	4.3 The specialization of countries

	5 The case of Finland
	5.1 Recent policy developments related to environmental technologies
	5.2 Environmental technology patenting and companies
	5.3 Environmental technologies in industry

	6 A summarizing discussion

	Section 3 Can biofuels and electric vehicles contribute to green growth in Finland?
	1 Introduction
	2 Framework: Green growth and demand-driven innovation policy in the transport sectoring
	3 Main drivers of developments in biofuels and electric vehicles
	4 Biofuels: Current use, market formation, Finnish business opportunitiesland,
	4.1 Current use and market formation
	4.2 Finnish business opportunities

	5 Electric vehicles
	5.1 Types of electric cars
	5.2 Market formation in general and in Finland
	5.3 Emerging electric vehicle cluster in Finland
	5.4 Finnish strengths and

	6 The role of biofuels and electric vehicles in achieving the Finnish climate policy objectives
	7 Policy challenges
	7.1 More user-orientation in policies
	7.2 Roadmap of greener passenger transport
	7.3 From efficient vehicles to efficient transportation

	8 Conclusion

	Tekes Reviews in English



