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Abstract
The paper looks at patterns in eco-innovation aatbfs behind this. Special attention is giverhi t
role of public policy. The paper examines the stoftards cleaner products and continuing impor-
tance of end-of-pipe solutions, national differenae eco-innovation use, issues of science push and
market pull, lead market issues, and the growitenéibn to system innovation.
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1. Definition and typology of eco-innovations

Eco-innovation is a recent concept. One of the éippearances of the concept of eco-
innovation in the literature is in the book by Glaurussler and Peter James (1996) where it
appeared on the front cover but curiously enoughmthe book itself. In a subsequent arti-
cle, Peter James defines eco-innovation as 'nesupts and processes which provide cus-
tomer and business value but significantly decreasronmental impacts' (James 1997).

Different from the concept of environmental teclogyl, eco-innovation has the suggestion of
a double win, which is why it holds great appedbtsiness and government. The OECD is
using it as a central concept, alongside the teistagable manufacturing (OECD, 2008).
The provisional OECD working definition of eco-inration is “thecreation of new, or sig-
nificantly improved, products (goods and servicps)cesses, marketing methods, organisa-
tional structures and institutional arrangementgivh with or without intent - lead to envi-
ronmental improvements compared to relevant alteesl (OECD, 2008 p 19). This defini-
tion however is likely to change as it conflictglwihe Oslo Manual definition of innovation,
which includes themplementation of a new technology that was developed by a differ

firm or institution (Arundel and Kemp, 2009). Acdaong to the Oslo Manual, a firm can in-
novate by purchasing production technology from@psier and implementing the technol-
ogy into its production line.

The lack of a common definition led the Europeam@ussion to fund two projects on meas-
uring eco-innovation: Measuring Eco-Innovati®fEl) and Eco-Drive. The eco-innovation
definition of the Eco-Drive is “a change in econoractivities that improves both the eco-
nomic performance and the environmental performanide definition of MEI is the pro-
duction, assimilation or exploitation of a product, production process, service or management

or business method that is novel to the organisation (developing or adopting it) and which
results, throughout its life cycle, in a reduction of environmental risk, pollution and

other negative impacts of resources use (including energy use) compared to relevant alterna-
tives.”
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Key characteristics are:
* More environmentally benign than relevant alteneti
» Novel to the organisation developing or adopting it
* |tis based on effects, not on intention.

The definition proposed by MEI researchers is atarsibly broader than the definition of
ECO-DRIVE, which excludes pollution control techogies. The MEI definition follows the
convention in innovation measurement specifiedhen®@slo Manual (OECD, 2005) that the
innovation does not have to be new to the markenly has to be new to the company de-
veloping or adopting it

In this sense it differs from the definition of t8& STEMATIC panel on eco-innovation who
define eco-innovation ashe creation of novel and competitively priced goods, processes,
systems, services, and procedures designed to satisfy human needs and provide a better qual-

ity of life for everyone with a life-cycle minimal use of natural resources (materialsincluding
energy and surface area) per unit output, and a minimal release of toxic substances’ (Tech-
nopolis, 2008, p.2). In this definition, the implentation of something developed elsewhere
apparently does not count as innovation. The @ritesf “minimal use of resource” and
“minimal release of toxic substances” appears yndkstrictive as it limits eco-innovation to
the best in class.

To me the definition from MEI, which includes atinovations with environmental benefit
compared to relevant alternatives, irrespectivihefaim, is the most useful. Further categori-
sations are whether the innovation is an improveragwhat exists or entirely new, whether
the environmental benefit is an auxiliary benefitaleliberate goal, whether it technological,
organisational or a combination thereof (Arunde &emp, 2009, p. 2).

According to this broad definition, many companiel be eco-innovators. Information about
eco-innovators across various EU countries carbkereed from the Community Innovation
Survey, even when no question is asked if compadesnnovate. Eco-innovators may be
defined as those which had responded a high defiiegact of innovation on either
“reduced materials and energy per produced unMAE) or “improved environmental
impact or health and safety aspects” (EENV). Tleinition has been used by Technopolis
(2008) and Horbach (2008). The profile of eco-irmtovg firms may be compared to that of
innovative firms in various sectors. Such a congmariusing data from CIS-3 has been
undertaken by Technopolis in the Europe InnovagutoGeneral results are given in Figure
1.

2 Results of the MEI project, including a descriptiaf discussions at workshops, can be found at
http://www.merit.unu.edu/MEIand obtained from the project leader René KempoRs from the ECO-
DRIVE can be found dittp://www.eco-innovation.eu/wiki/index.php/EcodeiWwViki_Mainpage




Figure 1: Innovation modes (% of innovating firms,EU13 based on data from CIS4)
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We can see that about half of all eco-innovativagiinnovate through creative innovative
activities, the other half innovates through diffusbased innovative activities. With a share
of 18% the share of strategic innovators is sligatiove the EU average of 15% for
innovative firms. The results show that the profifeeco-innovators is actually very close to
the EU average.

The MEI project also produced a classification aj-ennovation:



Box 1. MEI classification of eco-innovation

A. Environmental technologies

Pollution control technologies including wastetarareatment technologies
Cleaning technologies that treat pollution reledsaéalthe environment
Cleaner process technologies: new manufacturioggsses that are less
polluting and/or more resource efficient than ratgvalternatives

Waste management equipment

Environmental monitoring and instrumentation

Green energy technologies

Water supply

Noise and vibration control

B. Organizational innovation for the environment:

Pollution prevention schemes

Environmental management and auditing systenmmdbsystems of
environmental management involving measurementyrtieyg and
responsibilities for dealing with issues of mateuise, energy, water and
waste. Examples are EMAS and 1SO 14001.

Chain management: cooperation between companias teoclose material
loops and to avoid environmental damage acrosgdlue chain (from cradle
to grave)

C. Product and service innovationoffering environmental benefits:

New or environmentally improved products (goods)uding eco-houses an
buildings

Green financial products (such as eco-lease omtdéirmortgages)
Environmental services: solid and hazardous wasteagement, water and
waste water management, environmental consul@stjng and engineering,
other testing and analytical services

Services that are less pollution and resource $iter(car sharing is an
example)

D. Green system innovations:

Alternative systems of production and consumptiat are more
environmentally benign than existing systems: lgidal agriculture and a
renewables-based energy system are examples

Source: Kemp and Pearson (2008)

The classification includes the important categamyironmental technologigbut is not lim-
ited to it. It includes organizational innovatidios the environment and environmentally
beneficial product and service innovations inclgdimnovations for which the environmental

% Environmental technologies encompass technola@gidsprocesses to manage pollution (e.g. air potiuton-
trol, waste management), less polluting and lessuree-intensive products and services and waysatwage
resources more efficiently (e.g. water supply, gpesaving technologies) (definition of the Europ&aviron-
mental Technologies Action Plan). Environmentahtexlogies are technologies whose use is less emagntal

harmful that relevant alternatives.



benefit is not a special aim. It also includes gregstem innovation. Eco-innovation is an-
other term for “innovation for the environment”.

Another list is the list of environmental goodspgaeed by the OECD (see OECD, 2001)
based on the following categories:

A. Pollution management

o Air pollution control

0 Wastewater management

o Solid waste management

0 Remediation and clean-up of soil and water

o Noise and vibration abatement

o Environmental monitoring analysis and assessment

B. Cleaner technologies and products
o Cleaner/resource-efficient technologies and meee
o Cleaner/resource-efficient products

C. Resource management group

o Indoor air pollution control

o Water supply

o Recycled materials

o0 Renewable energy plant

0 Heat/energy saving and management
0 Sustainable agriculture and fisheries
0 Sustainable forestry

o Natural risk management

o Eco-tourism

The MEI list is broader than the OECD list. Theegmtries from both lists may be used as
categories of eco-innovation but it is dangerousst trade data for these categories as meas-
ures for eco-innovation asconventional alternative may well be included in the very same
classification (an example is spark-ignition international contlmrspiston engines), which
leads Johnstone and Hascic (2008a, p. 7) to thertant conclusion that “commodity classi-
fication cannot be used to develop indicators ofienovation”.

Whether something is an eco-innovation dependé®averall assessment of environ-
mental effects and risks Many criteria may be used to evaluate the enwemial impact of
an innovation: greenhouse gases emissions, autjpul] energy use, water pollution, noise,
waste generation and soil contamination. Givemtimaber of environmental criteria, the
global environmental impact of an innovation isyvdifficult to assess. One may opt for spe-
cial labels such as climate-friendly innovatiorr@source-efficient innovation.

2. Measuring eco-innovations: data and indicators

Eco-innovation can be analysed using the followmg categories:
* Input measures Research and development (R&D) expenditures, R&E3on-
nel, and innovation expenditures (including investinin intangibles such as de-
sign expenditures and software and marketing Ggosts)
* Intermediate output measures the number of patents; numbers and types of sci-
entific publications, etc;



» Direct output measures the number of innovations, descriptions of indual in-
novations, data on sales of new products, etc;

» Indirect impact measuresderived from aggregate data: changes in resoufiee ef
ciency and productivity using decomposition analysi

A discussion of the pros and cons of different messis offered in a paper which | wrote
with Anthony Arundel which draws very much on dissions in the MEI project. The gen-
eral conclusion is that although some methods ettethan others, no single method or in-
dicator is ideal. One should apply different methémt analyzing eco-innovation — to see the
“whole elephant” instead of just a part. A summafryhe weaknesses and strengths is given
in Table 1. One important conclusion is that thestused indicator for eco-innovation, which
is patents, is a poor indicator for several reasons

0 Patents measure inventions rather than innovatiRetents are especially poor for
measuring technology diffusion, the adoption ofrarovation by a population.

o The value distribution of patents is highly skewexly a few patents are commer-
cially valuable, the majority of patents have ditdr no commercial value. The latter
should be excluded when using patents as a mefmsurmovation.

o0 The propensity to patent is known to differ betwseators, and may change over
time.

o In order to be picked up as an eco-patent, the@mwiental gain of the considered
innovation must be explicit and described in theeph If the environmental impact is
a non-intentional side effect of the innovations tffect will not appear in the claims
and in the description of the patented technology.

o Organisational innovations and marketing innovatioannot be measured by patents
because patents are mainly given for technicalntioes.

When using patents as a measure for eco-innovati@should carefully screen the patent
descriptions for environmental aspects and elireipattents with no commercial value. Sug-
gestions for doing a patent analysis can be fonrgei Vries and Withagen (2005) and Oltra
et al. (2009).

Another conclusion of MEI is that more efforts shibbie devoted towardiirect measure-

ment of innovation output using documentary andaligources and surveys. The advantage
is that they measure innovatioatput rather than innovatiomputs (such as R&D expendi-
tures) or an intermediary output measure (suctatenpgrants). Little use has been made of
documentary and digital sources, primarily becadselack of funding and absence of prod-
uct databases with environmental information. Eovinental reporting requirements may
help to create relevant information, aiding innasatesearch. Innovation may also be meas-
uredindirectly from changes in resource efficiency and produtstiikemp and Pearson,
2008).

A positive development is that the next Communitydvation Survey (C1S2008) will have a
special module on eco-innovation, which in 2010 pibduce important information about

the nature of eco-innovation including output meeswand the determinants. MEI researchers
contributed to the formulation of questions. Thedule is voluntary and will not cover all
Member States. Information will prove to be of drealue for learning about the nature and
magnitude of eco-innovation activities in Europeampanies. A limitation remains that the
CIS only provides general information for the compas a whole. It does not give informa-
tion about specific technologies or products (Arirehd Kemp, 2009).



Mode of
measurement

Table 1. Summary of methods for measuring eco-inn@tion

Data sources

Generic data sources

Strengths

WWEELGQESES

Input meas-
ures

R&D expenditures, R&D
personnel, other innovation
expenditures (e.g. design
expenditures, software and
marketing costs)

Relatively easy to capture
related data

Tend to capture only formal R&D
activities and technological inno-
vations

Intermediate
output meas-
ures

Number of patents, num-
bers and types of scientific
publications

Explicitly provide an indication
of inventive output

Can be disaggregated by
technology groups

Combine coverage and details
of various technologies

Measure inventions rather than
innovations

Biased towards end-of-pipe tech-
nologies

Difficult to capture organisational
and process innovations

No commonly agreed and applied
category for environmental inno-
vations

The commercial values of patents
vary substantially.

Direct output

Number of innovations,

Measure actual innovations

Need to identify adequate infor-

measures descriptions of individual Timeliness of data mation sources
innovations, sales of new isati ;
1 94 k Relative ease to compile data | Process and organisational inno-
products from innovations o p vations are difficult to be counted.
Can provide information about ) ) )
types of innovations, i.e. in- The rela_tlve yalue of innovations
cremental or radical hard to identify.
Indirect im- Changes in resource effi- Can provide the link between Difficult to cover environmental
pact meas- ciency and productivity product value and environ- impact over the entire value chain
ures mental impact

Can be compiled at multiple
levels: product, company,
sector, region and nation

Can depict various dimensions
of environmental impact

No simple causal relation between
eco-innovations and eco-
efficiency

Specialised sur

veys

Large-scale EU Community Innovation High response rates Generally can include only a few
surveys Surveys, official question- Can trace trends in innovation | duestions of relevance to eco-
naire surveys performed activities through time innovation
regularly, PACE surveys PACE surveys are not harmo-
nised among countries; they do
not differentiate capital expendi-
tures for eco-innovation from
those for line extension.
Small-scale One-off questionnaire Can focus on eco-innovation in | Low response rates
surveys surveys, interviews far greater depth Only a few international surveys
Possibility to ask about many exist.
aspects of eco-innovation
Panel sur- Gather information from Can provide information about | Costly to conduct
veys the same firms over time size, levels, direction and

sources of innovation activities

Can identify trends and
changes in innovative behav-
iour over time

Source: OECD (2009) based on Arundel and Kemp (RGG8ving on discussions in MEI.




3. Determinants of eco-innovation

Motivations and facilitating factors for eco-inndizen are various. Little systematic research
has been done in terms of comparing the deterngriantdifferent types of eco-innovation.
Probably the best attempt is the OECD study Enwmremtal Policy and Firm-Level Manage-
ment which systematically compared the driversfagditating factors for end-of-pipe
abatement technologies and changes in productmepses. The study finds that anticipated
cost savings play a significant role in encouragmgroved environmental performance with
respect to natural resource use and waste genehationot waste-water effluent and air pol-
lution (Johnstone et al., 2007, p. 22). The presafi@n environmental management system
is found to have “a significant positive influenme performance and innovation” (ibid, 23)

and “flexible policy instruments such as performastandards and market-based instruments
tend to encourage the use of change in productimregses rather than end-of-pipe abate-
ment” (ibid, p. 23). Such findings are in line witie econometric and case study literature
surveyed in Del Rio (2009) and Kemp and Ponto@0g).

Eco-innovation is pulled and pushed by many factarsattempt to list the most relevant
factors for each type of eco-innovation is giveTable 1. They represent my understanding
of them, based on my own studies and those of sither

Table 1. Push and pull factors for different typesof eco-innovation

Type of eco-innovation

Pulled/pushed by

A. Environmental technologies

Pollution control technologies

Environmental regulation, subsidies al
environmental technology research pr
grammes, ...

Cleaning-up technologies

Soil remediation programmes

Waste management systems

Resource prices, waste management
requirements, EPR, ...

Cleaner process technologies

Cost minimisation, environmental pol-
icy, ...

Environmental monitoring and instrumenta-
tion

Environmental regulations and EMAS

Noise and vibration control

nd

Noise regulations, research programmes

Water supply

Water supply programmes of water
boards, research programmes

Green energy technologies

Environmental regulations, subsidies,
taxes, ETS, ...

B. Organisational innovations for the en-
vironment

Regulations (directly or indirectly),
management demand

C. Product changes

Regulations, green demand, competit

on

D. Green system innovationgindustrial

ecology, smart grids such as Vehicle-to-Gy

(V2G))

GPT pushed by science, niche applica
idions, visions, ...

=
1

* It is impossible to list all relevant studies. tBreninants of eco-innovation have been economédyisaudied

by Horbach (2008), Mazzanti and Zoboli (2006).



4. Patterns in eco-innovation and the reasons fabserved differences

Eco-innovation -- understood as a process chamgansational change, product change or
entirely new process, product, system or orgamisatimeasure of environmental benefit --
appears to be widespread. Over 40% of the innavatoveyed in the Community Innovation
Survey of 2002-2004 reported a positive impactmrirenment, health and safety and reduc-
tions in material use and energy use. These pagesiare for the EU15.

Figure 2. Effects of innovation activity on reduced environmatal impacts or improved health
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Figure 3. Effects of innovation activity on reduced materialsand energy per unit output
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Unfortunately, the questions about EENV and EMA®akts was not retained in CIS4,
which only inquired into whether innovation was may“an important impact” on EMAT
and on EENV, finding an important impact for 14%twé companies (16% in industry and
11% for services) (Technopolis, 2008, p. 16). De@pgghts into the nature of eco-
innovation are provided by the IMPRESS projecttfe European Commission (Rennings
and Zwick, 2003). Using a broad definition of eaoévation, it studied eco-innovation ac-
tivities under 1594 establishments in five Europeamntries (Germany, Italy, Switzerland,
the United Kingdom, The Netherlands). IMPRESS asi@adpanies whether they had
adopted one of 6 environmental innovations in thst 8 years. The study found that in the
1998- 2000 period, in the 1594 establishmentsefitle countries, the most widely applied
and important environmental innovation is a proasmge, followed by recycling and pollu-
tion control. Process innovations came out as thst tmeneficial environmental innovation
from anenvironmental point of view. The study was based on eco-innovatirms in manu-
facturing and service sectors employing more thapéople willing to participate in the sur-
vey.
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Figure 4: The adoption of different types of envirmment innovation in 1998-2000
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It was found that pollution control technologiee aften combined with the use of other
measures. It is unclear whether these other mesasarge to substitute for the use of end-of-
pipe technologies or whether they were additional.

End-of-pipe technologies are generally believedgahe old response, but according to the
PACE data about pollution abatement and controéesjiure, end-of-pipe technologies ac-
count for the majority of the costs, even in th8d®9as we can see for selected countries.
Pollution abatement and control expenditures coon$isvo types of costs: investment in end-
of-pipe and the extra costs of process-in-chanfbe.ldtter category is a difficult category for
respondees as they have to measure the extraof @stecess change to reduce environmental
impact. It is a highly hypothetical question. Inrany apparently many respondees use a
percentage of 20%, as a “reasonable” estimhate.

® Personal communication of eco-innovation surveyeeixJens Horbach.
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Figure 5. Total pollution abatement control investnents and amount of end-of-pipe in-
vestment therein
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According to the PACE data, end-of-pipe technolsgiecount for more than 50% of the pol-
lution abatement control investments by business. FACE data also show that PAC in-
vestments have fallen in many countries. It is @acivhether total expenditures on eco-
innovation (broadly defined) have fallen. It woune worth to find out.

A more systematic analysis of cleaner producticemges is the earlier mentioned OECD
studyEnvironmental Policy and Firm-Level Management of 3,100 establishments in seven
industrialized countri@éswhich found that in all seven countries the studreleaner produc-
tion technologies exceeded that of end-of-piperteldygies. The study also learned that end-
of-pipe technologies are typically introduced tpeavith regulatory compliance, while the
implementation of cleaner production technologgedriven by the potential for increasing
manufacturing efficiency and reducing costs of afiens (Frondel et al, 2004; 2007).

® The seven countries include Canada, France, Ggrrhamgary, Japan, Norway and the United States. Th
project is called Environmental Policy and FirmdéiManagement. The sample consisted of facilitigs
more than 50 employees in all manufacturing sectors



13

Figure 6: Types of environmental technologies implaented in 3,100 establishments
in manufacturing in seven OECD countries (%
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Source: Frondel et al. (2004; 2007)

We lack systematically collected data on eco-intioma The most important sources of in-
formation are patent data, sales and exports da&avironmental goods and services, and
capital investments and operating expendituresotiotpn abatement and control. Attempts
are being made to use NACE for measuring enviroahégchnologies. Environmental tech-
nologies are divided in core ET and secondary Eftaldn environmental R&D only exist for
a few countries (Canada, US and Japan, as fakrasnl). In the US private sector R&D
spending in pollution abatement technologies hiéesnf&normously (Grover, 2009).

Figure 7. Private sector R&D spending in pollutionabatement (total and air)
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5. National strengths in environmental technology

If we look at the world market for environmentalbgioand services, we observe that US firms
are strong in air pollution technologies, Europ&ans in waste-water technologies and waste
management and Japanese firms in energy-efficiandynew materialSEurope is leading in
wind turbine technology and Japanese firms in saargy.

The creation of competitive strengths owes a gteat to domestic policies. The US air emis-
sion limits introduced in the 70s helped to createew industry in pollution control technol-
ogy. Even today the US is a net exporter. In ththdltands, the waste-water control policies
introduced in the 1970s gave a boost to waste-vesitgineering companies, leading to a
strong position in the 1980s (which somehow gatiloshe past 10 years, see Appendix 1).
Germany waste companies benefitted from the lamgevmarket following the introduction
of the DSD programme and the feed-in law for eieityrgave a boost to German wind tur-
bine manufacturing and solar PV.

The strong position of US firms in air pollutionntml, German companies in waste man-
agement and wind power and French companies irrahitmst certainly owes a great deal to
national environmental policies but we lack dethdéudies of the generation of those indus-
tries and international competition between thosistries. The issue of lead markets creat-
ing sustained competitive advantages has beerestbgiBeise (2001) and others, finding
that there is indeed evidence of such an effect.

Observing the link between national environmentdiicges and green business, several coun-
tries have made eco-innovation part of their indalsinnovation policies. These policies are
driven by multiple goals of environmental protentibusiness creation, employment and se-
curity in the case of energy. An example is thecDutansition approach for sustainable en-
ergy and the Japanese approach for creating addven society. Such approaches have a
very strong technology development component, séflected technologies being based on
national strengths and views on critical technaedor the future.

" Further research is needed to establish this.askedood and reliable statistics about the envirmal goods
and services market which has been variously etgifret 500 billion euro and 1,000 billion euro D03, with
Berger consultants putting it at 1000 billion amddicting a market of 2,200 billion euro by 2020 this sce-
nario, the importance of eco-innovation is likedbygrow, especially in emerging economies and dewetp
countries.
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Core Technologies to Achieve Low-Carbon Society (Fukuda Vision)

Area Core Technologies

Power Generation and | Highly-efficient fire power based on natural gas and coal, Carbon Capture & Storage (CCS), solar

Transmission power generation, nuclear power generation, highly- efficient electric power transmission, etc.
Transportation Fuel cell vehicles, plug-in hybrid electric vehicles, biofuel, etc.
Industries Innovative technologies for materials, manufacturing, and processing, innovative steel-making

process, etc.
Public Livelihood Energy-saving houses and buildings, high-efficiency lights, fixed-type fuel cells

Others High performance batteries; manufacturing, transportation, and saving of hydrogen

Note:CCSis a technology that stores CO2 generated in the production process instead of releasing it into the atmosphere.
Source: Korea Institute for International Economic Policy.

Source: Lee (2008)

In the Netherlands the selection of these techmeéag done by 7 transition platforms. This
approach is discussed in the section 6.

The EU is using a lead market approach to prom@®odinnovation product areas for which
there is a highly predicted demand, a strong tdlogncal and industrial base in Europe, an
already existing market whose development and ssadepending more than other markets
on the creation of favourable framework conditidtm®ugh public policy measures.

The eco-innovation areas selected are sustainabitraction, recycling, bio-based products
and renewable energies. For each market, a plaction for the next 3-5 years has been
formulated. (seéttp://ec.europa.eu/enterprise/leadmarket/doc/cdmei.pdf)

The success of these initiatives will depend oretttent to which they are able to create mar-
ket pull, technological capabilities and removetables to new technologies. To be success-
ful, countries have to work on several fronts: fiteet of specific technology innovation sys-

tems (such as biorefineries, smart grids and hydrogehdell vehicles) which have to be nur-
tured, the front of theational system of innovation which has to become more conducive for
green development (through tax policies and otbatrol policies, availability of venture
capital, creation of skills, knowledge transferdao on), and the front sfistainable devel-
opment policy at different levels (local, regional and national)

6. System innovation for the environment

Environmental benefits may also be achieved thralgigether different systems of provi-
sion. Examples of system innovations offering emvinental benefits are being identified in
the Dutch sustainable technologies programme i1 #98s. These include: novel protein
foods based on non-meat proteins (10-30 factororgiment), precision agriculture (up to
factor 50 improvement), decentralised productioelettricity using renewables and micro-
turbines, underground transport of commoditiesifie fines (factor 10 improvement in en-
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ergy efficiency), and industrial ecology (Weaverkt 1999¥ Cradle to cradle and vehicle to
grid systems are two other examples, which areaggdo bring significant benefits. cradle
to cradle is a product design principle which s every part of the product should be safe
and designed for re-use (McDonough and Braung@@?2@ Vehicle-to-grid (V2G) uses vehi-
cles as electrical storage, buying and selling pdween the grid. Proposed by Amory Lovins
in 1995 and further developed by William Kemptoneg University of Delaware, the V2G
concept has caught the interest of several usildied several start-up comparidgectric
vehicles would store electricity generated duriffgpeak or from renewables, helping to re-
duce the need for extra load power to meet pealkaddrand helping renewables such as wind
power which suffer from irregular supply. It codatilitate the transition to a low carbon
energy system and produce significant air qualkdydiit in cities. It also would allow house-
holds to become carbon neutral and energy autonemou

Such new systems are unlikely to emerge througmdinenal operation of markets or through
business sustainability strategies. The creatiome@f system innovation is inexorably linked
with institutional change, guiding images and joing efforts (Kemp et al, 2007), different
social practices and a new type of normality (Sh@@®3).

In the Netherlands system innovation is the staiedof government-led “transition” initia-
tive in the area of energy. It is believed that tise of fossil fuels is not sustainable environ-
mentally and ultimately also not economically, whled policy makers to engage in a transi-
tion approach for system innovations. Transitiomagement relies on guided processes of
variation and selection. It makes use of “bottorm-dgvelopments and long-term thinking. A
set of 35 transition paths are being supportedughieg biomass for electricity, clean fossil,
micro cogeneration but also radical things suchresgy-producing greenhouses for growing
crops). The government acts as a process managgingl with issues of collective orienta-
tion and interdepartmental coordination. It ald@ton a responsibility for the undertaking of
strategic experiments and programmes for systepvation.

Based on suggestions from the transition platfaartransition action plan was formulated in
2005 containing the following goals:

e -50% CO2 in 2050 in a growing economy

* Anincrease in the rate of energy saving to 1.5-&2§eéar

» The energy system getting progressively more Jusbée

* The creation of new business

Through the transition approach the Dutch goverrirhepes to achieve an extra 180Mton
CO2 reductions (see figure 4).

8 Other examples of system innovation are: biomased chemistry, multiple sustainable land-useiftegyra-
tion of the agricultural function with other funatis in rural areas) and flexible, modular manufaticonstruc-
tion (Ashford et al., 2001).

® Fromhttp://www.smartgridnews.com/artman/publish/arti166.html
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Figure 8: Time path for CO2 emissions in the Nethdands

emission without Max. (310 M)
300 transitionportfolio

/ expected (230 Mt)
200
// - Min. (160 Mt)
100 50% level \ Max. (90Mton)
Emission with . expected (50 Mton

transitionportfolio Min. (40 Mton)

CO.-emission {annual, Neth, Mton)

1990 2006 2030 2050

Source: Presentation Hugo Brouwer in London (2005)

The whole approach is set up as a vehicle for sadimical changand policy change in a
coordinated manner. This is evident from the follmywyuote from policy makers Dietz,
Brouwer and Weterings:
“It is clear that working on fundamental change#i®energy system can only be successful
if the government adjusts its policy instrumentariaccordingly. This means that the policy
for research and development, the stimulation ofatestration projects, and the (large-scale)
market introduction must be brought in line witle $elected transition pathways. In addition,
the suggestions for new policies put forward byptagforms must be taken seriously. At this
point, the government faces a major challenge,usecenuch of the current policy was formu-
lated based on the classic way of thinking thah&racterized by a top-down approach and
dominated by short-term objectives, implementedrédgmented and individually-operating
departments and Ministries, on which market infkeshdo not or hardly have
any effect” (Dietz et al., 2008, p. 238)

It is also evident from the activities of the R&gigaan and the platforms for 2009.

Platform Planned activities in 2009

RegieOrgaan « Production of an official advice on policy, in whithey make rec-
ommendation for instrument choices

Green resources « To follow the implementation of sustainability efiia for biomass

« Position paper on CO2 allowances for biomass

« To launch an explorative study into the macroecdoafiects of
biomass production and use in the Netherlands.

» To develop a systematique for measuring green ressu

Sustainable mobility | « To make recommendations for fiscal treatment cdrcheehicles

« To discuss the action plan on alternative mobiliith leasing com-
panies

e To examine how natural gas and green gas may pawedy for
hydrogen.

« Evaluate experiences with buss experiments funaéuki first ten-
der

« To offer advice on how public transport concessimay be used fo
innovation

« To assist in the implementation of 5 pilots abenad grids and
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electric mobility

e To lauch or stimulate pilots for sustainable biddug@igh blends and
biogas) and hydrogen in five cities in cooperatigth Germany and
Flanders in Belgium

New Gas « To investigate product-market-combinations for aadised gas
use

* To commission or undertake a study into the patéofigas motors
and absorption heat pumps

Chain efficiency  Starting the first phase of the programme for @ieai agriculture
« Working out a development plan for process intécesiion

Sustainable Electricity | « Formulate platform positions on off shore energy,

Production « rules for co-burning of biomass, cogeneration, @titions for
coal-fired plants

« Implementation the earlier formulated action platentralised
infrastructure (smart nets)

« To examine and utilise opportunities in blue energy

Built environment  Platform advice about the restructuring of existiuginess parcs

« Workplan (script) for achieving energy saving usindistrict-based
approach.

 Investigation of how local authorities may be inxad, on a volun-
tary and less voluntary basis.

As one can see the platforms produce advice, tieystock of what has been achieved, they
commission studies and are involved in all kinditnonal alignment activities (also be-
tween the platforms). The platforms are currenttyking with municipal authorities and na-
tional government to create pilots for energy reduiving districts to learn about alternative
energy systems (with the systems going beyondapdati technologies from the platforms)
and to create visibility for the energy transition.

Much is expected from the transition approacherms of CO2 reductions and the creation of
new business. Expectations about transition managem e thus rather high, even when
transition research (Geels, 2005) strongly suggésiistransitions in sociotechnical systems
defy control and effective steering. Policy canlitkie more than increase ttahance for a
transition to occur and shape the features of it.

So far, the approach is viewed as very succegsftimulating business to engage themselves
in radical innovation projects, something which vma$ happening before in any significant
way. Immaterial innovations are the creation ofrdardepartmental directorate for (horizon-
tal) policy coordination, a special desk for inntora (for help and advice), the creation of 7
transition platforms and instruments such as thendlion euro funding scheme for transition
experiments (UKR).

The transition approach for system innovation ig of the pillars of the Dutch strategy to
achieve carbon reductions. It is an open-endedoappr a flexible portfolio of 31 transition
paths based on different visions is explored iradaptive manner, using a probe and learn
strategy'® System innovation possibilities are stimulatechgkide system improvement op-
tions through a range of policies. The approachirsdful of sustainability risks. For biofuels
sustainability criteria are formulated.

10 suggestions for transition management are offbyeidoorbach (2007). A description and discussio®ofch
transition policies can be found in Kemp and Lootb@008) and Kern and Smith (2008).
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7. Conclusions

In this paper | have examined the notion of ec@y@mtion and patterns in eco-technology. In
developed countries attention shifted from endipeptechnologies to cleaner production,
green product change and system innovation. Whetieeisame holds true for developing
countries and New Industrialising Countries sucin@tand India is unclear. These countries
probably rely greatly on end-of-pipe solutions, @hi as this paper discovered - also in de-
veloped countries continue to be important.

Eco-innovations are driven by environmental ancheadic concerns. Clean production proc-
ess changes are mostly driven by cost concerredating resource costs.

We lack systematic data in what ways countriessautors are eco-innovating. It is unclear
whether they are spending more or less on eco-atimvthan 5 or 10 years ago. In the US
private sector R&D expenditures in pollution abatetrhave fallen significantly. An interest-
ing development is the growing attention to gregsiesm innovation in business and govern-
ment. Examples are cradle-to-cradle products, \eldegrid electricity systems, or custom-
ised mobility. This attention is both new and ditie closing of material loops is an old vi-
sion. The vision of decentralised electricity systds old too, and the vision of vehicle-to-
grid has been around for a while (at least sin@sLAdvances in technology, new business
models (such as pay per km for the use of elecaiis) and concerns about fossil fuels avail-
ability and climate warming give new impetus tosth@lder visions, sometimes under new
names. More than in the past, governments appdargato stimulate eco-innovation. They
are doing this for environmental and economic reasg&co-innovation has become a pillar of
the EU Lisbon competitiveness strategy, the EU Eaitlirg sustainable development strategy
and a target for industrial innovation policy irveel countries. What will come from this is
not clear. Truly radical change arguably requitesaned policy support and radical changes
in prices (framing conditions). To achieve an absobecoupling instead of just a relative
decoupling through the use of eco-innovation gowvexnts have to work on three fronts: the
front of specific technology innovation systems (such a biorefinery, smart grids, etc.) which
have to be nurtured, the front of thational system of innovation which has to become more
conducive for green development (through tax pedi@nd other control policies, availability
of venture capital, creation of skills, knowledgantsfer, and so on), and the frontsostain-

able development policy at different levels (local, regional and nationage Kemp, 2000;
Butter, 2002, Kemp et al. 2004; Rennings et alD32®Reid and Miedzinski, 2008; Kemp and
Pontoglio, 2008).
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APPENDIX 1. RPA values for environmental technologies of diffegnt countries from
1985 to 2004

Tab. A.3.1: Patentspezialisierung bei Umwelttechnologien ausgewdhiter Volkswirtschafien

1985-2004
Abfall
UsA GER JPN GBR FRA SUI CAN ITA NED SWE FIN KOR DEN AUT EUIS
85-87  -18 32 =57 -12 37 -73 56 43 -40 24 -5 52 54 19

9395 37 29 -38 -6 47 43 33 5 43 -10 33 -88 79 56 25
02-04 34 36 42 -0 52 30 70 =72 -100 -11 -100  -100 22 -6 =31

Recycling
8387 40 47 -4 -13 19 42 75 -25 35 31 -7 -13 78 20
03-05 32 38 =500 <14 27 27 61 3 30 23 55 -03 59 82 25
02-04 -39 6 -8 -1 340 415 22 57 33 27 -0 74 63 86 19
Lamm
85-87  -36 40 =17 -14 -9 76 -100 37 2 39 -100 -100 91 28

03-05 48 40 20 26 18 -4 -69 10 43 57 41 -64 2 20 34
02-04  -36 43 2T 45 31 43 -10 8 -25 39 -6 57 -536 62 25

Luft
85-87 34 63 17 -7 -58 20 38 87 -44 22 82 30 43 28
0305 40 44 43 26 46 -6 69 33 T4 46 -300 75 13 17 10
02-04 71 44 34 -32 16 -57 0 -85 <17 -9 48 =22 -100 2 26 18
Wasser
85-87 22 3l =70 0 -25 32 34 -35 33 20 88 56 77 23
03-05  -26 27 -51 16 5 -7 71 -33 -1 45 33 42 32 33 18
02-04 -6 0 <25 -14 25 -23 24 =33 -36 30 38 -42 74 53 9
Umweltmesstechnik
85-87 20 12 -64 20 13 -84 -8 =300 277 <38 -100 -0 -2 0

03-05 17 21 63 48 43 51 360 43 -4 38 47 -60 84 -57 11
02-04 32 -2 73 -3 21 -45 14 -42 25 6 30 -39 34 -100 -5
Rationelle Energienutzung und Klimaschutz
85-87 6 1 =17 0 34 41 -62 08 -63 38 10 4 -01 16
9305  -10 -37 37 26 -390 74 -43 02 -7 -17 49 01 4 -55 7
02-04 22 1 -23 12 -28 58 -16 74 87 26 00 03 -100 -38 0
Regenerative Energien
85-87 18 5 6 200 51 1 -100 60 45 28 -11 48 -70 -14
03-05  -30 0 44 -18 57 5 -0 T4 -3 -0 2 41 73 63 -11
02-04  -33 17 13 10 310 -12 0 -3 20 6 -7 78 o3 43 19

Umweltanmeldungen
85-87 -2 40 =52 -2 -12 12 30 43 -9
03-05  -30 26 -14 -4 -4 20 26 16

3 63 27 57 21
59 47 16

L]
| S ]
L =]
(=]
(=}
—
=]

02-04 34 16 7 -6 1 5 -6 27 -28 18 221 9 36 42 12
Brennstoffzellen
85-87 72 -83 -1 -100  -88  -100 -2 -1000 100 -100 -100 -100 0 -100 <01

03-95 (Y 6 15 28 -100 53 21 44  -20  -100 -100 27 39 -100 -28
02-04  -15  -26 68 -57 61 -16 73 =54 -84 -100  -O7 -4 22 -100  -50

Source: Legler et al. (2007, p. 150).
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Appendix 2. Overview of transition platforms, pathways and experiments in the Nether-
lands for sustainable energy

Platforms

Pathways

Experiments/projects

Chain Efficiency

Goal: savings in the annu
use of energy in produc-

tion chains of:

- 40 a 50 PJ by 2010

- 150 a 180 PJ by 2030

- 240 & 300 PJ by 2050

alKE 1: Renewal of production
systems
KE 2: sustainable paper chains
KE 3: sustainable agricultural
chains

Save 50% energy use along the pro-
duction chain of paper by 2020

Green Resources
Goal: to replace 30% of
fossil fuels by green re-
sources by 2030

GG 1: sustainable biomass pro-
duction
GG 2: biomasgmport chain

Conversion of the MTBE (methanol
tertiary butyl ether) production proc-
ess to ETBE (ethanol tertiary butyl
ether) based on bio-ethanol

GG3: Co-production of chemi-
cals, transport fuels, electricity
and heat via bio-refining (frac-

Bio-plastics: Breakthrough to self-
sustaining growth

tionation), fermentation, enzy-
matic/chemical conversion, gas
fication/pyrolysis

Breakthrough for bio-plastics to
-high-value applications

[fermentation/co-fuel waste
streams

GG4: production of SNG

GG 5: Innovative use of biobasg
raw materials for non-food/non-
energy applications and making
existing chemical products and
processes more sustainable

A factory for the production of bio-
diesel from palm oil

2d

New Gas

Goal: to become the most
clean and innovative gas
country in the world

Buses on natural gas in Haar-
lem/Rijnmond

NG 1: Energy saving in the built
environment

Liquefied natural gas as a substitute
for diesel

NG 2: Micro and mini CHP
NG 3: clean natural gas

NG 4: Green gas

Introduction of compressed natural
gas as a mature car fuel in the North
of the Netherlands

Polder district in Zeewolde gets
heating on biogas

Pilot project of micro generation in
households

Sustainable Mobility
Goals:

Factor 2 reduction in GHG
emissions from new vehi-
clesin 2015

Factor 3 reduction in GHG
emissions for the entire
automobile fleet 2035

DM 1: Hybrid and electric vehi-

Realisation of the hydrogen cart
(Formula 0)

cles
DM 2: Biofuels

A sustainable petrol station in the
North of the Netherlands

DM 3: Hydrogen vehicles
DM 4: Intelligent transport sys-
tems

A large-scale production facility for
bio-diesel in Terneuzen

Sustainable Electricity
Goal: A share of renew-
able energy of 40% by
2020 and a CO2-free en-

DE 1: Wind onshore

DE 2: Wind offshore

DE 3: solar PV

DE 4: central infrastr.

DE 5: decentralised infstr.

ergy supply by 2050




26

Built Environment

Goal: by 2030 a 30% re-
duction in the use of en-
ergy in the built environ-
ment, compared to 2005

GO 1: Existing buildings
GO 2: Innovation
GO 3: Regulations

Use of mine water for heating and
cooling

A good perspective can give an im-
petus for energy saving in council
housing sector

Heating in houses based on waste
wood from pruning trees in Eindho-
ven

heat transition in housing construc-
tion

‘Geothermal heat for the whole
Netherlands’ (heat pumps)

Collective sustainable energy storage
devices for heating and cooling

Sustainable heat and cooling through
the use of heat pumps

Energy-producing

Greenhouse

Goals for 2020:

» Climate-neutral (new)
greenhouses

» 48% reduction in C®
emissions

» Producer of sustainable
heat and energy

» A significant reduction
in fossil fuel use

KE 1: Solar heating

KE 2: Use of earth heat
KE 3: Biofuels

KE 4: Efficient use of light

KE 5: Cultivation strategies and

energy-low crops

' KE 6: Renewable electricity

production
KE 7: Use of CO2

Greenhouse which does not use
natural gas in Ter Aar

Use of earth heat in Bleiswijk

Semi-closed greenhouse

CQO, delivery to greenhouses in hor-
ticulture sector (OCAP)

Source: Kern and Smith (200 xtp://www.creatieve-energie.nl/




