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1. Definition and typology of eco-innovation

1.1 What is innovation?

Innovation is the introduction of novelty in theomomic realm. The novelty can be
many things. According to the Oslo Manu@ECD 2005), innovation ighe
implementation of a new or significantly improvedoguct (good or service), or
process, a new marketing method, or a new organimdt method in business
practice.The innovation that is being developed or adopteg be new to the world
or new to the company. The adoption of a new poedusiness practice developed
elsewhere counts as innovation.

Innovation should be distinguished from inventiMihile the concept of invention
refers to discovery, discovery may not be needednizovation. The overwhelming
majority of innovations are not based on discoveny are the outcome of applied
research and development informed by theoreticahdexige, engineering experience
and knowledge about user wants. Sometimes usersadieely involved in the
creation of an innovation. An example is the moimbkake, which was ‘invented’ by
users.

Innovation is ongoing—and this creates a big pnobfer innovation measurement
Advances in technology and feedback from users pdduct innovation vendors to
improve their products, while economies of scalé emmpetition help to bring down
prices for the innovation. New uses and users mayfdund during diffusion.
Innovation continues in the diffusion stage. Tharelteristics of the innovation and
the way in which it is used thus change.

Given the uncertainty about outcomes and needifprraent of various activities, the
innovation process is best viewed asearch, development and learning process
where knowledge is gathered and used in new waykerdevelopment of process
technologies, products or services. ConsequeRi®D is only part of the story of
innovation It is important for high-tech products but lesgportant for other types of
products that still may be knowledge-intensive. Tgreducts from IKEA are an
example, since they are knowledge-intensive butiredjttle R&D.

Innovation occurs within @ider context that shapes innovation processesyation
output and economic and environmental outcoriiés wider context encompasses
the values, beliefs, knowledge and networks of ractthe technologies in place,
economic growth, the product market conditions,tdaanarket conditions, the
education and training system, physical infrastmectand the macroeconomic and
regulatory context.

Impacts arecoproduced both at the micro and macro level. The macroqueréance
of an innovation is hard to assess because it depamincome effects and spillovers
in knowledge and taste formation. It is possibl@waver, to compare the
performance of an innovation to the performance oélevant alternative in a first
round analysis, which looks at material consumpt@nissions and waste.



Figure 1. A systemic view of innovation
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1.2 What is eco-innovation?

There are different definitions of eco-innovatiomdaenvironmental innovation. We
have definitions based on motivation and based emiopnance. We had a long
discussion about whether an environmental aim shbela distinguishing feature of
eco-innovation. On reflection, we decidedotse the definition of eco-innovation on
environmental performandastead of on environmental aim because it istm@t@im
that is of interest but whether there are posigmgironmental effects related to its
use. Past studies of eco-innovation have focusseenvironmentallymotivated
innovation, overlooking the environmental gainsnirénormal” innovations. The
environmental gains from normal innovations havevenebeen the object of
systematic study. It has been estimated, howelat,60% of the innovations of the
Dynamo Database in the Netherlands offer environatdrenefits. It was also found
that 55% of the innovations supported by a generadvation scheme for research
cooperation (1S) offered “sustainability benefit¥hese two figures coming from the
Netherlands suggest that the majority of technalmginnovations probably offer
environmental benefits.

L “Normal” innovations are developed for normal netrkeasons of saving costs or providing better
services to users.



The use of eco-innovation may or may not lead to atsolute reduction in
environmental harm. In the case of a replacemerd ¢tdss environment-friendly
technology, the environmental harm is likely to ieeluced but in case of extra
capacity or use the environmental harm may incrdassause every technology
causes some environmental harm in the producti@nciind during use. A classic
example of this is the new type of use for outdagitting that has been found for
energy-saving lamps. Cost-saving innovations ugulbve a “rebound effect”
through increased expenditure.

The relevant criterion for determining whether anavation is an eco-innovation is
that its use i¢ess environmentally harmful than the use of ref¢\aternatives This
is also the basis for the definition of environnadrtechnologies in ETAP, where
environmental technologies are “technologies whase is less environmentally
harmful than relevant alternatives”.

In everyday life the term “environmental technokxji has obtained a much more
narrow interpretation by being linked to the enmimental goods and services
industry (sometimes called “eco-industry”)), i.engpanies who are engaged in “the
production of goods and services to measure, pteviemt, minimise or correct
environmental damage to water, air and soil, as a®lproblems related to waste,
noise and ecosystems” (OECD and Eurostat definitidtor these companies,
environmental protection is their core business.

Within eco-industry we have companies whose onlgiriess is environmental
technology and those with activities in other armafasusiness.

Over time, however, ETAP moved away from its oradifocus on technologies and
processesvhose purposeas to deal with pollution, waste and water mans&d, to
include “all technologies and processes to manadjetipn (e.g. air pollution control,
waste management), less polluting and less resanteesive products and services
and ways to manage resources more efficiently (@ajer supply, energy-saving
technologies)” (ETAP, 2004). This latter definitiam in line with the definition of
eco-innovation based on outcomes instead of mativatut clearly is a cause of
confusion. Increasingly, in communications the tefenvironmentally friendly
technologies” (or “eco-friendly technologies”) isad®

In MEI we also discussed whether novelty shouldabdefining characteristic for
innovation. We agreed that while there shouldabeslement of noveltghe novelty
does not have to be a novelty new to the worldnay also exist in something being
novel to a firm. The minimum degree of novelty meaomething that is new to the
firm or other user. This distinction between innowas that are riew to the markét
and those that arenéw to the fir is important for assessing the diffusion of
innovations. The European Innovation Scoreboardegakhis into account by
including one indicator on “new to the relevant ket and one on “new to the firm”
innovation.

2 There is another definition of ETAP of environmariechnologies that says that environmental
technologies encompass technologies and processeasniage pollution (e.g. air pollution control,
waste management), less polluting and less resdantexesive products and services and ways to
manage resources more efficiently (e.g. water sy@plergy-saving technologies).

% http://ec.europa.eu/environment/etap/index en.Hfime term “technology” is still undefined.




Of course, it is important to know whether the rgvés minor or major. We may
want to separate minor novelties from major nogsltn indicator research.

A partially unresolved question is whether it malsefise to distinguish between
resource-efficient innovations and low pollutiorddow-waste innovations. It seems
that the distinction matters mostly from a techgadal viewpoint, and is less relevant
from an eco-innovation analysis viewpoint becaussai@r resource-efficiency and
waste reduction normally lead to lower pollution.

Among the eco-innovation experts it was agreed niedsurement technologie$or
measuring pollution, resource use and environmenutality, and “green energy
technologies” are also to be viewed as environmental technadogi&een energy
technologies are not explicitty mentioned in thefimgon of environmental
technologies as “all technologies and processesatmage pollution (e.g. air pollution
control, waste management), less polluting and lessurce-intensive products and
services and ways to manage resources more efficigng. water supply, energy-
saving technologies)” but they should be vieweteiag part of it.

The most important conclusion of MEI is that the cocept of eco-innovation
should not limited to new or better environmental echnologies every
environmentally improved product or service couais an eco-innovation. We
discussed whether the term “eco-innovation” shdddimited to those innovations
that areaimedat reducing environmental harm. The consensusnet# do this but
to make theenvironmental effects(vis-a-vis relevant alternativetf)e sole criterion
for eco-innovation.

Based on the OECD definition of innovatibmye propose the followingefinition

for eco-innovation:
Eco-innovation is the production, assimilation ofploitation of a product,
production process, service or management or bssimeethod that isovel
to the organisation(developing or adopting it) and whigksults throughout
its life cycle, in a reduction of environmentalksiipollution and other negative
impacts of resources use (including energy usejnpared to relevant
alternatives

This definition is based on the definition in thalldut no longer requires that the
innovation is aimed at reducing environmental harm.

From this two important things follow. First, thall new processes that are more
resource efficient are eco-innovationsAnything is an eco-innovative solution as
long as it is more environmentally benign than ‘takevant alternative”. The relevant
alternative may be the technology in use in a comma the normal technology in a
sector (for example, gas or coal burning stationthe case of electricity generation).
Innovations in coal burning technology would qualéis eco-innovation if they
reduced emissions. The second thing that followsnftthis is thatthe term eco-

% The Oslo Manua{OECD 2005) defines innovation # implementation of a new or significantly
improved product (good or service), or process,eavmarketing method, or a new organizational
method in business practi¢ehere inplementation means realization for use).



innovation crucially depends on an overall assessmef environmental effects and
risks. Life cycle assessment based on multi-attributeevtheory can be used for such
an assessment. We should note here that this ajpproay create a problem for
survey analysis: the respondents’ assessment adhesan innovation is better than
relevant alternativesn a life cycle basiaeed not be true. In fact, the knowledge may
not be available or crucially depend on how andretiBe innovation is used. LCA
have been completed only for a handful of prodaats processes.

As a last remark, one may restrict the term “ecmuations” to those innovations
offering a significant (non-negligible) reduction in environmental harihis then
leads to problems of defining “significant”.

To us the above definition of eco-innovation ievwant and appears to be workable
both for statistical agencies and for companiegr@lis a wide consensus in the MEI
project that data collection anuhdicator research should not be limited to
environmentally motivated innovations but also should comprise “unintended
environmental innovations” for the reason that thegstitute an important category,
about which we know very little. Of course, if we this, then almost all firms will be
eco-innovators. However, this is the same “falsblgm” that has been discussed in
reference to the Oslo Manual on measuring innomatiath people objecting that the
Manual defines innovation so broadly that almostfiams should be innovators.
The problem is not that all firms are innovatoroginshould be), butow we use the
data to look at the different ways in which firmeavate.

1.3 Eco-industry

The broad definition of eco-innovation might hawglications for our understanding
of eco-industry. One could argue that the definitiaf “eco-industry” should be
widened to include also companies whose innovatiuaify as eco-innovations by
being less environmentally harmful than relevarierahtives. This would create
problems from a data collection view point, astdren “eco-industry” is already used
for data collection activities by Eurostat and OEGBey define eco-industries as
“activities which produce goods and services tosues prevent, limit, minimize or
correct environmental damage to water, air and sgilwell as problems related to
waste, noise and eco-systems. This includes teabiesl, products and services that
reduce environmental risk and minimize pollutiondanesources” (European
Commission, 2006).

The eco-industry (or environmental goods and sesvigectors as it is also called)
may be measured on the basis of environmentalgirotemeasures or on the basis of
sales, or a combination thereof. Whatever methagésl, it is important to note that
eco-innovation occurs in the whole economyany company adopting a good,
service, production process management or busimegthod with environmental
benefit is an eco-innovator. In this respect, pegrs usefulo distinguish between
different types of eco-innovators.

Here we could follow the suggestion of Bruce Tethehe UK and Anthony Arundel
and Hugo Hollanders at UNU-MERIT to assign all imatve firms to one of four
mutually exclusive categories, depending on hovindmm innovates (by developing
innovations for other firms, adopting innovatiorsvdloped elsewhere in a strategic
or passive way). Following this logic, eco-innovateould be classified in one and



only one category on the basis of how they intredecvironmental innovations. For
instance:

» Strategic eco-innovators active in eco equipment & services sectors, dagvel
eco-innovations for sale to other firms.

» Strategic eco-adopters intentionally implement eco-innovations, either
developed in-house, acquired from other firms,athb

» Passive eco-innovatorsprocess, organisational, product innovations tbtt.
result in environmental benefits, but where therea specific strategy to eco-
innovate.

* Non eco innovators No activities for either intentional or unintemde
innovations with environmental benefits.

These categories of eco-innovators may be idedtifighe CIS using filter questions.

The partitioning of the universe of firms into 4tegories based on eco-innovation
activities has not been attempted by anyone butagpan interesting direction for
indicator research, allowing one to study changesompany behaviour within the
economy and possible reasons for them. At this nmbnmaly comprehensive
information is available only for the strategic @ooovators belonging to the eco-
equipment & services sector. Work is under way itk Ithe OECD list of
environmental technologies with NACE.

Figure 2 anticipates a possible outcome of thatjmaring of firms according to eco-
activities. Note that the indicated size is nothimgre than a wild guess.

Figure 2. Possible distribution of firms accordingto eco-activities

Non-eco
innovators

® Eurostat is currently drafting a compilation gufdecollecting stats on the EGSS, so they areialso
the process of defining the sector from the aééisipoint of view (the NACE codes). They have
defined a ‘core’ industry group (NACE 25.12, 37, 81.57 and 90), but the much larger ‘non-core’
group of industries is yet to be defined.



The economic size of environmentally beneficialowations produced outside the
eco-industry is unclear. We do know from Dutch stadthat probably half of the

innovations have a “free” environmental benefit,bas noted, this has not been
systematically studied. According to a recent stbgyErnst and Young for DG

Environment, the output of eco-industry narrowlyied amounts to 2.2% of GDP.

The share of non-eco innovators is probably betw2@i80%, based on survey
information from the IMPRESS project of 1594 comipanof more than 50

employees in five European countries (Germanyy,lfdL, CH and UK) in the 1999-

2000 period and a recent OECD study of 4186 faslitn seven OECD countries
(Canada, France, Germany, Hungary, Japan, Norwalythee USA).

It is clear, however, thduture eco-innovation data collectionshould go beyond
the traditional eco-business sector, which capturesnly a small amount of the
eco-activities There is a real need for an assessment of theaanaties in
companies not belonging to the environmental g@wdkservices sector as defined by
the OECD.

1.4. Typology of eco-innovation

Keeping in with the view that any innovation théfees environmental benefits
compared to relevant alternatives is to be vieweda-innovation we developed the
following classification for eco-innovation.

A. Environmental technologies

- Pollution control technologies including waste watieeatment technologies.
Cleaning technologies that treat pollution releaseit the environment;

- Cleaner process technologies: new manufacturingcgsses that are less
polluting and/or more resource efficient than relatalternatives;

- Waste management equipment;

- Environmental monitoring and instrumentation;

- Green energy technologies;

- Water supply;

- Noise and vibration control.

B. Organisational innovation for the environment: the introduction of organisatil
methods and management systems for dealing withiragmeental issues in
production and products. A finer classification is:

- Pollution prevention schemes: aimed at preventibpaution through input
substitution, more efficient operation of processe®l small changes to
production plants (avoiding or stopping leakagesd #me like);

- Environmental management and auditing systemsmdb systems of
environmental management involving measurement, ortieg and
responsibilities for dealing with issues of matenese, energy, water and
waste (EMAS and ISO 14001 are examples);

- Chain management: cooperation between companiezs 40 close material
loops and to avoid environmental damage acrosyéhege chain (from cradle
to grave).

C. Product and service innovation offering environmental benefits: new or
environmentally improved products and environméytagneficial services
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- New or environmentally improved material produagedds) including eco-
houses and buildings;

- Green financial products (such as eco-leases onate mortgages);

- Environmental services: solid and hazardous wassmagement, water and
waste water management, environmental consultesging and engineering,
other testing and analytical services;

- Services that are less pollution and resource isiten (car sharing is an
example).

D. Green system innovations
- Alternative systems of production and consumptidrat tare more
environmentally benign than existing systems: lgiola agriculture and a
renewables-based energy system are examples.

New materials such as lightweight composite mater@ould be an additional
category They could also be subsumed under product innawatio

11



2. Methods for measuring eco-innovation

MEI investigated the usefulness of 3 methods foasneng eco-innovation
- Survey analysis
- Patent analysis
- Digital and documentary source analysis

2.1 Survey analysis

Survey analysis is an important method for momigand understanding innovation.
The results of the Community Innovation Survey (Ai8ve provided us with a much
better idea of innovation activities in Europe. Wlthe CIS has provided researchers
with extremely valuable information, unfortunatélyrovides little information about
eco-innovation. At the moment environmental isswee not specifically and
separately addressed by the CIS. In Cit8#/ are addressed together with health and
safety issues in question 7.1. CIS also has a iqueabout whether the innovation
helped to meet regulation and also asks about gpseedated effects in terms of
reduction in the use of material and energy for mavovations (adopted in the last 3
years). There are, however, no questions on wast@allution.

In MEI we examined the possibilities of studyingoeonovation through survey
analysis, with special attention to the CIS. Wd waport here the main findings (as
relayed in the report of Horbach and Rennings ardaorkshop on survey analysis).
Questions and additional information for the regfent firms in surveys, have to be
simple and short. Therefore, a not overly detadledsification of eco-innovation has
to be applied. It seems useful here to considerdibBnction between technical,
presentational and organisational innovations ef@fECD Guidelines for Collecting
and Interpreting Technological Innovation Data (IEQO005).Technical innovations
are divided into product and process innovations:

« Processinnovations occur when a given amount of outpwib(ls, services)
can be produced with less input;

« Productinnovations require improvements to existing gogutsservices) or
the development of new goods. Product innovatianmachinery in one firm
are often process innovations in another firm;

« Presentationalinnovations refer to the implementation of new igiesand
marketing methods in order to increase firms’ sales

« Organisational innovations include new forms of management, ¢otal
guality management.

According to MEI researchers Jens Horbach and KRermings, the analysis of eco-
innovation within surveys cannot be restricted tcsimple identification of the
different innovation activities of the questionedris. In particular the development
of political measures to promote eco-innovatiorurezs a profound knowledge of the
drivers and barriers and also, if possible, of édbenomic and ecological impacts of
eco-innovation. One major problem of surveys inegahis that there are normally
only few possibilities to link survey data with ioffal statistics or other survey data.
Therefore, the survey itself has to provide infotiora on the relevant control
variables such as the influence of different poiitstruments.
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Combining theoretical assumptions with evidencenfigast surveys, aoptimal set
of survey questions was identifiedboth for the determinants and for the control
variables for eco-innovations.

Determinants (drivers and barriers) of eco-innowati

* Inputs: financial and human resources, R&D expeméitsupporting the
technological capabilities of a firm;

» Environmental policy framework (e.g. regulatory irggency, different
environmental policy instruments such as technologsed standards,
emission taxes or liability for environmental dares)y

» Existence of environmental management systemstigga@nd tools;

» Demand pull hypothesis: expected market demandit prmation in the past;

» Appropriation problem: competition situation (emumber of competitors,
concentration of the market), innovation coopergtio

* Influence of stakeholders and motivations for emwmental innovation (e.g.
public authorities, pressure groups such as inglostirade associations);

» Availability of risk capital,

» Availability of high-skilled labour force.

Control variables and impacts

» Firm-level attributes (sector, size, stock maliging, employment, value of
shipments);

» Commercial conditions (scope of the firms’ masketompetition, sales,
profitability);

» Environmental impacts of the facilities’ produetsd production processes by
different environmental fields (importance of eachpact and change in
impacts during the last three years).

Is not possible to provide a general prescriptionthe measurement level of both
innovation and control variables, For econometnialgsis it would always be the best
solution to analyze interval data but in many cakesfirms are not able to provide
guantitative answers on questions like “R&D expamdis for eco-innovation in
EUR”. Because the number of missing values fordhgsestions will be very high,
the results of econometric analyses would probaklbiased. Therefore, questions
that are likely to demand too much information ha# interviewed firm representative
instead have to be posed in a simple, in many casery manner (see also Arundel
2005). Arundel (2005) proposes to obtain nominahaan the prevalence of different
types of innovation, and ordinal data on inputdpats and impacts.

Concrete suggestions for CIS

One aim of MEI is to offer concrete suggestionsdaestions about eco-innovation
for the Community Innovation Survey. Using the Cf8r the analysis of
environmental innovation does not require addingyrnguestions because the survey
is already very rich concerning the relevant cdntasiables. Therefore, we only need
to alter some of the questions and to add a sigésstion capturing the character of
the environmental innovation activity.

We propose to include a question about environnheagulation as an innovation
source. It would be useful to introduce this quesin the general questionnaire of

13



CIS for all the involved countries. It is importahbwever, to formulate the question
in such a way that environmental regulation colsw e seen as a driver of general
innovation and not only of eco-innovation (see atbe debate on the Porter
hypothesis).

We propose to separate the environmental from #adthh effects of innovation. In
general, it is not useful to combine these two @ffdbecause in many cases health
effects have nothing to do with environmental efeé&or instance, the development
of a new drug (medical treatment) to reduce thetafior of heart diseases could have
high health impacts but no environmental effects.|&arn more about the character
of eco-innovation it would be useful, thereforeatbd one single question following
the classification product, process, organisatianal presentational eco-innovation of
the Oslo Manual.

This leads to the followingropositions for questions on eco-innovation for the
Community Innovation Survey:

1) Environmental policy as innovation source

a) Did you realise innovations from 20XX to 20Xivew or significantly improved
products or production processes) predominanthalese of existing or anticipated
environmental policy measures?

0 Yes, 0O No

b) If yes, which of the environmental policy messuwere decisive for the
introduction of these innovations? Please desthbaeneasures in the order of their
IMPOMANCE: it e e e e e e e

2) How important were each of the followingeeffs of your product (good or service)
and/or process innovations introduced during theetyear period 20XX-20XX?

Degree of importance: Not relevant - Low - Mediumigh

Reduced materials and energy per unit output
Reduced environmental impacts
Improved health and safety

3) Please answer the following questions if eported high or medium reduced
environmental impacts of your innovation activitiegjuestion 2:
a) Do you consider the reduction of environmeimtglacts as theain purposeof
your innovation activities?
O Yes
0 No

b) Predominant category of your innovation:

O Product innovation
O Process innovation
N Organisational innovation

14



2.2 Patent analysi®

Eco-innovation activities may also be analyseduftopatent analysis. This has been
done by scholars such as Lanjouw and Mody, Jaffesindva and McAleer, whose
findings are an important source of information. &/is a patent? A patent is an
exclusive right to exploit (make, use, sell, or ortp an invention over a limited
period of time (20 years from filing) within the watry where the application is made.
Patents are granted fomventionswhich arenovel, inventivgnon-obvious) and have
an industrial application(useful). The right embedded in the patent can be assigned
by the inventor to somebody else, usually to hisémaployer, a corporation, and/or
sold to or licensed for use by somebody else;riglst can be enforced only by the
potential threat of or an actual suit in the codaisinfringement damages (OECD,
2004). The standard of novelty and utility imposedthe granting of such a right is
not very high. In Europe, the European Patent ©ffEPO) grants about 70% of the
patent applications. In the US, more than 80% efghatents applications are granted.

The measurement of technological innovation hag fmeoccupied economists. R&D
and patent data have emerged as relevant indicafotee innovativeness of an
economy. R&D expenditures provide mput measure of innovative activity, while
patent data are considered antput indicator. For innovation research, the main
advantage of patents is that they are publiclylalbbs for rather long time series and
provide detailed technological information. Theddime series make patents unique
among innovation indicators. Using patent datss, [fossible for researchers to collect
data in highly disaggregated forms and to subjaistto statistical analysis. The cost
of processing patent data is also lower than tisé @iosurvey-based data.

As a measure of invention patents have a cldseot perfect) link to technical
invention. Over the last two centuries, there amg/ Yew examples of major technical
inventions that were not patented. Patents covebraad range of techniques,
extending now to biotechnology and software, witktfextensions towards service-
related inventions (so-called “business methodkiyention is, of course, not the
same as innovation.

The use of patent data enables researchers to atudio assess different features of
innovative processes. On the basis of the hugatitee on patents, we can emphasize
five attributes of innovative activities that cam évaluated through patent data.

» The level of inventive activity: Given that patent applications are usually filed
early in the research process (Griliches, 1990y thre not only a measure of
innovative output, but also an indicator of theeleaf innovative activity itself (Popp,
2005)/ Cohen et al. (2000) emphasize that there is aahsausation between R&D
and patents, and that patenting tends to stimuR&®, in line with one of the
objectives of patent legislation. Lanjouw and Modp96), for example, found a
strong positive correlation between patents and R&8lternative energy for the US.

® The section is based on the report by Vanessa,@ené Kemp and Frans de Vries for MEI.

"It is better to talk abounventiveactivity instead ofnnovativeactivity, as they are different things.
Innovative activity involves far more than the dexegnent and use of an invention. Innovation
involves production, design and marketing. An irettn project need not be based on an invention.
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Figure 3: Correlation between patents and R&D in aernative energy in the US

Fig. 4. Alternative energy. Patenis, energy prices, R& D, Note: patents (%) is aliemative energy patents / total ULS, patenis. Sources: R& D
funding. Chemical and Engineering News (various February issues),

Source: Lanjouw and Mody (1996, p. 560)

If we look across countries we also observe thahtiees with high levels of R&D
per capita tend to have more patents per capita.Nétherlands and Germany have
the highest levels of patents applications per GERD

8 Gross domestic expenditure on R&D (GERD) is tatélamural expenditure on R&D performed on

the national territory during a given period. Itlmdes R&D performed within a country and funded
from abroad but excludes payments made abroad&6or. R
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Figure 4: Patents per capita and expenditure on R&Dper capita across countries
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Source: Eurostat (2006a)

Thus patent data tend to be correlated with R&De @tlvantage of patent data is that
they are available for technologies whereas R&Dadae usually not. For broad
technology classes, such as alternative energynddaffies, information on public
R&D is available. Information on private R&D on sjifec technologies is usually not
available, however, as companies do not want tortepis and also are often not
requested to do so by statistical agencies.

« Types of innovation and technological competenciesf organizations: each
patent provides a detailed description of the itie@nand is classified according to
the International Patent Classification (IBCThis classification is a hierarchical
system in which the whole area of technology isddig into a range of sections,
classes, subclasses and groups. This system spéardiable for the retrieval of patent
documents in the search for establishing the npwltan invention or determining
the state of the art in a particular area of tetdmo These data allow for a
microeconomic analysis of the patented inventiord aof the technological
competencies of the patenting organizations. Maezipely, the description of the
technology and the IPC codes can be used to dissindbetween different types of
technological innovations according to their degrErovelty (radical or incremental)
and their technological field. For example, the @SPI/ISI classification provides a
concordance table between IPC codes and thirtywtdapical fields, which is used to
classify patents according to the type of technplod/loreover, patents are also a
good indicator of the directions of research antheftechnological competencies of
organizations (public organizations or private 8)mTlhe fact that a firm applies for a

° Patent examiners assign at least one classificatide of the IPC to all patent documents by.
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patent in a given technological field means thathsa firm is at, or close to, the
technological frontier and has advanced technosdgoompetencies in that field.
Patent portfolios of firms offer detailed informai on the relevant technological
areas, which is of particular relevance in orderassess the firms' spectrum of
technological activities. Many empirical studieseugatent data to analyze firms'
technological diversification (see for example, &1f& et al., 2003).

» Technology strengths of nationsPatents can be used to determine the technology
strengths of nations. Thus the US has the higleestd of patents, which is evidence
that the US is technologically advanced. LookihdRO applications in 2002, the
United States leads by far, with 46 819 patentieatibns, followed by Germany and
Japan, with 24 514 and 24 494 patent applicatiespactively. Eleven of the 20
worldwide leaders are EU-25 Member States. Alont) @apan, there are three other
Asian countries among the 20 best performing ceesitSouth Korea (8), China (15)
and India (20). A further breakdown of patents eeded to determine whether a
nation is leading in a sector. A breakdown of ptstgrer sector can be found in the
“Patent Scorecard”, based on information of therla® top 2500 technology firms,
collected by the American company called “Intelledt Property Intelligence
Quotient” (iplQ)

Table 1: US patenting activity broken down by indugial sector and
world region, as a percentage of 2500 of the worlgl'top technology firms,
2005

Industrial sector Ncrth_ Asia | Europe
America
1 Aerospace and defence 81% 2% 17%
Automotive and oy o oy
2 transportation 29% | 44% 27%
3 Biotechnology 90% - 10%
4 Chemicals 3% | 37% 29%
5 Consumer electronics 9% | 87% 7%
6 Consumer products 56% | 36% 8%
Electronics and . ,
" | instruments 53% | 42% 2%
g | Energyand 51% | 1% |  38%

environmental

9 Food, beverage, and
) tobacco

10 Industrial equipment

46% | 25% 29%

and materials 90% | 32% 18%
11 | Information technology 42% | 57% -
12 | Medical devices 76% | 15% 9%
13 | Pharmaceuticals 47% 6% A7%
14 | Semiconductors 40% | 48% 12%
15 | Telecommunications 55% 6% 39%

Source: Eurostat based on iplQ, Patent Scorecard 2006

Europe plays a significant role in US patenting imdustrial sectors such as
pharmaceuticals (47%), telecommunications (39%grgnand environmental (38%),
chemicals (29%), and automotive and transportatdi%o). In most sectors the US
displays a technological leadership, which is paférly strong in biotechnology,
aerospace and defence, and medical devices. Jajgmuing in consumer electronics.
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Patents can also be used to determine the techcal@psition of nations in a certain
technology area (for example, nanotechnology). Mam and McAleer (2003a,
2003b) analyse the technological position of the 1@ foreign patenting countries in
the US in the area of nanotechnology. The non-Uties are Australia, Canada,
France, Germany, Great Britain, Italy, Japan, Koréae Netherlands, Sweden,
Switzerland, and Taiwan. The analysis uses fouicatdrs of technological strength
based on patent data, which are: i) technologjetislization index, ii) patent share,
i) citation rate and iv) rate of assigned patenfike technological specialization
indexis the quotient of the share of environmental pigtéen a technological area or
sector and the average share; if it is above hafien can be said to be specialized in
that area. Thpatent sharas the national share of particular technologyhe overall
number of patents in the same field, allowing famaking of countries. Theitation
rate gives the mean number of citations per patent feoparticular country; it is a
measure for the importance of the patents. Tdte of assigned patentis the
percentage of patents that is assigned; it is atiie of the market relevance.
Marinova and McAleer find France to be the bestgraring country in the area of
nanotechnology, followed by Japan and Canada.

» Technology diffusion: Patent data are available from many different atesitand

so can be used to track patterns of diffusion (Pdip05). Because the legal
protections granted by a patent only apply in thentry in which the patent has been
granted, inventors must file patent applicationgach country for which they desire
protection. In Europe, inventors may choose to diheapplication through the EPO,
rather than applying to individual patent officéfie applicant designates as many of
the 18 EPO member states for protection as isatksBecause EPO applications are
more expensive than single country applicationgopean inventors typically first
file a patent application in their home countrydahen apply to the EPO if they
desire protection in multiple European countfleBecause of the additional costs of
filing abroad, only the most valuable inventions filed in several countries. Filing a
patent application in a given country is a sighat the inventor expects the invention
to be profitable in that country, which is seeragstential. In that sense, researchers
can use the data on multiple filings of patentsrémk the diffusion of technology
across countries (Lanjouw and Mody, 1996). Diffusionay be tracked for
environmental technology as a whole or for spec#fubsets. It thus allows for
diffusion analysis at a highly aggregated levetldes not measure diffusion directly,
but only indirectly. For example it does not pravithformation on the level of
diffusion, such as whether it is 1%, 10% or 100%.

» Source of invention:from the bibliographic data on a patent, reseaschan learn
the identity and home country of the inventor afdhe assignee (or the applicant).
The assignee is the person who has the legal rightse patent. This information
enables researchers to identify the sources ofvatian in terms of patenting
organizations. In this way, patent data can be tsextudy the relative role of public
and private organizations in the innovative process a given technology, or a given
IPC section, we can calculate the share of pafdetsby private firms, universities
and public laboratories. In the figure below, farample, it can be seen that

% These additional filings of the same patent apgiim in different countries are known petent
families(Popp, 2005).
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businesses applied for most EPO patents (82.4%)y @®n.6% of EPO patent
applications are from other institutional sect&arpstat, 2006).

Figure 5: EPO patent applications by sector

Higher
education Other
sector 1.9%

1.9%

Govern-
ment sector
13.68%

Business
enterprise
sector
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Source: Eurostal, patent statistics

Source: Eurostat (2006a)

When focusing on private firms, patent data can bks used to study the distribution
of patents across sectors and, for example, to asigdthe share of patents filed by
component manufacturers.

Some authors concentrate on joint patent appliegtim order to study collaborations
and network of innovators. For example, Yarime &0@nalyses university-industry
collaboration in the field of photocatalyst techogies. On the basis of joint patent
applications, the author maps the networks of iatang and stresses the central role
of big Japanese university laboratories. In thgetpf work, patents are used as an
indicator of the relationships between organizaionthe innovation process.

» Technological spillovers and knowledge relatedness$n recent years there have
been various attempts to conceptualize relateca@ssg technological fields and to
find appropriate measures for knowledge spillovafarious methodologies have
been proposed on the basis of patent data: bas8drmrer (1982) the 'Yale matrix' is
constructed on the data from the Canadian PatdmeQhich assigns principal user
and producing sectors to each patent, and is wseddasuring the flow of spillovers
from the innovation producing sector to the innawatusing sector; Jaffe (1986,
1989) measures technological relatedness amonmplesaf US firms by looking at
the distribution of their patents across technaabfields (each field corresponding
to a collection of 12-digit IPC codes); Engelsmad &an Raan (1991, 1992) analyze
the co-occurrence of IPC codes assigned to patergsaluate knowledge links and
spillovers; and Verspagen (1997) evaluates intéwsa#lctechnology spillovers by
distinguishing between the main classification E&de and the supplementary codes.
In another study, Verspagen (2005) uses patertiotitato describe the main paths of
knowledge flows in the field of fuel cells and taamthe technological trajectories
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underlying fuel cell developments. Such a methoglplenables the researcher to
capture the cumulativeness and the dynamic charaictenovation.

* The novelty of inventions: The importance of the invention can be assessed
through patent analysis. Important patents arel aitere often than less important
patents. Of course it takes time for a patent teited; old patents are likely to be
cited more often than new ones. The importancaefrtvention may also be assessed
through expert evaluation. The consultation of etgpenay also be relied upon to
identify important inventions not patented.

The limits of patent data indicators

In spite of the wealth of information contained patents, their use as innovation
indicators also presents strong weaknesses anelshidisvhich researchers should be
aware.

Firstly, patent data only capture a limited projortof all innovations. According to

Crepon et al. (2000), on average 30% of innovationghe French industrial

manufacturing sector are patented. The propensifyatent differs between sectors.
Table 2 presents the results of the CIS4 surveyhenshare of innovative firms

protecting their innovations with patents.

Table 2: Share (%) of firms protecting their innovaions with patents in the
sample of innovative firms over the period [2002-24] (CIS4, 2004)

Industrial sectors (NES 16) ?ﬁ)nz]:/g;irgisp\:\fi):ﬁcpﬂ:tgr:?sei
EB: Foods, beverages, tobacco 16,4

EC: Consumption goods 25,1

ED: Motor vehicles 42,5

EE: Equipment goods 33,4

EF: Intermediary goods 30,5

EC a EF: Manufacturing industry (without 1AA) 30,5

EG: Energy 29,5

EB a EG: Industry 28,7

EN: Firms services 15,5

Smaller firms have a lower probability to apply far least one patent. However,
given that they do patent, they apply for highembars of patents (Brouwer and
Kleinknecht, 1999).

A second limitation of patent data indicators iattthe value distribution of patents is
very skewed, and it is important to take this iatwount. A few patents have large
value, whereas many have very low value. Henceu&ulness of simple patent
counts is limited, as they put on an equal footagents of very different values.
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Different methodologies have been proposed to etalthe value of patents. For
example, one may ask patent owners about pashsetund the potential market value
of their rights, look at the renewal of patents ahdhe number of citations. Here the
development of the OECD Triadic Patent Family dasabis of great interest since it
provides a database of "high quality" inventionbeTuse ofpatent families- i.e.
filings of the same patent application (which shiwe same priority date) in different
countries — enables the researcher to focus omtst valuable innovations. Indeed,
because of the added costs of filing abroad, tbe Valuable patents are usually filed
only in the inventor's home country.

The use of patent data also poses methodologgatss How does one allocate patent
data organized by firms or by substantive pateassds into economically relevant
industry or product groupings? The OECD Technologgncordance (OTC)
presented in Johnstone (2002) may be used to tramdPC-based patent data into
patent counts by sector of the economy, but thesdwt work well for patents used
in multiple sectors.

The identification of eco-patents in patent databasises methodological issues
which should be taken into account when interpgetire results. In the literature two
methodologies are used, sometimes in combinatiesearch in specific patent
classifications and/or searching for relevant keylso The problem is that patent
classification systems do not provide specific gatees which cover environmental
patents and there is also no widely accepted agmeein the literature as to what
constitutes an environmental technology. The meailogy also depends on whether
the analysis concerns environmental technologiegieneral or a specific set of
technologies.

In order to be able to define relevant keywordseaechers must have an adequate
knowledge of the technologies under consideratMoreover, when the analysis
seeks to evaluate eco-patents in general, it i®rgéy restricted to end of pipe
technologies. Eco-patent analysis can be broadernms of types of innovation when

it focuses on specific technological fields. Whée tarea of the analysis is more
precise, researchers can identify the relevanintdolies and define a precise list of
keywords. Nevertheless, whatever the methodoldgy,difficult to know exactly the
characteristics of the distribution of eco-pateimsterms of type of eco-innovation
and in terms of their environmental value.

The three step model of de Vries and Withagen (RQipears a good model
(described in the project deliverable on patentjonsists of a careful screening of
patents through the analysis of patent abstraces/did noise.

Not all eco-innovations can be usefully analysedugh patent analysi€co-patents
mainly measure inventions that underlie greenaductinnovations andnd of pipe
technologieswhose environmental impacts are specific aimsrantivations of the
inventions. For these kinds of innovations it isgmable to use patent analysis. For
other types of innovation, patent analysis doesappear very suited.
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2.3 Digital and documentary source analysis

Most contemporary scholars agree with Schumpeggritinovation is only
accomplished with the entry of a new product ocpss into commercial use. This
concept has profound consequences for the measotrefianovation. It suggests
that the innovation indicator of choice would bed@on a direct and systematic
monitoring of such output events. This is quitdedé#nt from the measurement of
R&D (an ‘input’ indicator of knowledge activity) dhe counting of patents (an
‘intermediate’ indicator of inventive activity). Yesurprisingly, the use of output
events as an innovation indicator is much lessldpeel than the use of ‘upstream’
input or intermediary measures. There is consideraidence that research and
patent activity is a poor guide to actual innovatierformance. First, only a small
proportion of research or patenting leads to intiomaand this varies considerably
between different organisations and contexts. Skaoich innovation arises from
other sources than formal research or patentabéniion, such as external users or
non-R&D in-house functions. Both of these incongesi reinforce the importance of
focusing on a direct measure of innovation outpents.

An important explanation for the inappropriate emsgih on input and intermediary
indicators is the availability, and ease of actestata. R&D expenditure is covered
by accounting procedures. Patent data arise frgal [gocesses. Both may be readily
used to generate aggregate national and sectdealada, with more difficulty, to
generate organisation specific data. Much of tifisrmation is available in the public
domain. Data on innovation output events are ntitegad so systematically nor are
they so readily available. However, it is a mistakeonclude that they are not
available at all. The vast majority of innovatiamtput events are announced publicly
in some form, and therefore leave visible commurooaraces which, with ingenuity
and commitment, may be used for the constructiamseful indicators.

Other than availability, another explanation fag treglect of innovation output
events is the issue of commensurability. It is atgthat such events present a classic
‘apples and oranges (or pears)’ dilemma. While ttuie that the raw data of
innovation output events presents confusing quaigaliversity (in terms, for
example, of novelty and functionality) this is @ot intractable problem and can be
resolved through an appropriate classification sehelhe use of ‘universal’
monetary or legal units in R&D and patent indicatisrmerely one particular
expression of this. The fundamental commensurglglibblem exists just as much
between a unit of research in pharmaceuticalsmnolad safety, between a patent in
nanotechnology and one in clockwork as betweem@aovation output of a Personal
Data Assistant and a new strain of rice. As withilability the challenge of
incommensurability is different to that for conviental input and intermediate
indicators, but is not insurmountable.

Recognition of the shortcomings of input and intednate indicators has led some
researchers to focus on measuring innovation thraloegvnstream indicators of the
possible consequences or outcomes of innovatioesd mclude measures of
productivity, turnover, profitability, and markdtare. A UK study in the early 1990s
argued that quoted share price was the most effeptoxy for innovation since it
represented an easily visible investor assessnieotjporate innovation
performance. The same critique applies here agdstream indicators. Without a
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robust indicator of innovation output events iingossible to assess the contribution
of innovation to these downstream outcomes compaitdother economic, social or
managerial factors.

Although attracting less attention than other iathes, innovation outputs have been
employed in a number of research studies. A comsotution to the problems of
availability and commensurability is to narrow floeus to either a sector, or to the
most prominent innovations. Several indicators Haeen developed for reaching
firms’ innovation output based on literature. Tiv® tmain methods are:

Output measures in innovation surveysThis method gathers its information
regarding technological innovation in products mrgesses directly from company
managers, usually through a survey. It coversrthevative behaviour and activities
of the firm as a whole and explores the factorm@rfcing the innovative behaviour of
the firm, the scope of various innovation actistand the effects of innovations (Flor
and Oltra, 2004).

Using New Product Announcements:This is a literature-based innovation output
indicator (LBIO). LBIOs databases are built by séimgpthe ‘new product
announcement’ sections of technical and trade gdsrifechnical journals are chosen
which have editorially controlled sections whergvn@oducts are reported (Coombs
et al, 1996). This means that the details, thougipleed by the companies, are not in
the journals by virtue of being a paid advertisetneut by virtue of the decision of
the journal editor to include them. This charastériguarantees objectivity and
equity of the selections.

If a series of journals covering most industriaitees are compiled over a long period
of time, it is relatively easy, if time-consumirtg,generate a substantial database of
new or modified products introduced into a natianarket-place during a particular
time period (Coombs et al, 1996).

Eco-innovation output indicators

The overwhelming majority of research on innovaiiugicators has been concerned
with the issues of innovation with respect to ecoimocompetitiveness rather than
environmental sustainability. Even within thoserterthere are serious limitations to
the utility of the indicators generally employedrdiable innovation output indicator
would, in itself, be of value to the developmentséful eco-innovation indicators by
providing a systematic record of ‘actually existimpovation in a specific form
which would allow a further level of interpretivaalysis of the environmental
consequences of each specific innovation outpuiteve

The distinguishing requirement, of course, is some@ns of classifying and
comparing innovation outputs according to theiratipon environmental
sustainability.

Looking at what is available MEI researcher Freewird found that the literature
based innovation output indicators has not adddesseironmental sustainability
directly. However there are studies that have eitjylisought to construct eco-
innovation indicators using analogous methodsT#E(Technological
Environmental Innovation) database (Huber 2004)taachew product data base for
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air conditions and gas water heaters based on$8dars catalogue (Newell et al
1999).

The two studies reviewed show that it is possibletorporate environmental
performance into a literature based innovationdattir. The TEI study relies on
expert judgement as the basis for classificatiospefcific innovations into useful eco-
innovation categories. The Newell study utiliseblghed energy efficiency
performance data of specific new product introciias the basis for comparative
analysis of the ‘eco’ dimension of innovation.

Digital possibilities

All of the studies reviewed have been based onrauaiaearch of selected published
documentary sources. They show that this methodbearsed to construct useful
innovation output indicators and that such indicatmn include measures of
environmental impact of individual innovations wihican be used for comparative
analysis. Most of the studies reviewed are comstthby geographical location, time
period, sector or significance. These constraiatfyparise from the reliance on
physical documentary sources and manual searchirghwesult in a rather
cumbersome and labour intensive process.

It is evident that since the emergence of the Wdfide Web as an easily accessible
information source in the early 1990 that the jalsrand catalogues used in these
studies have become available in digital form i prospect of more efficient
searching. There has also been a widespread ergsergéaonline databases which
also contain reports of new commercial introdudiohinnovations and offer the
prospects of gathering innovation output indicatora new fashion. It now appears
feasible to construct eco-innovation indicatorswet from digital sources from the
year 2000 onwards and in some cases from earliedseas well.

A review of online digital source of data which tbbe used to capture innovation
output events reveals two broad types of interest.

* ’'New announcement’ databases

* ‘Product information’ databases

An example of a new announcement databases idR#e hase whichracks
innovation announcements in the paper industryosednh assessment was
undertaken of the identification of new and emeggmanotechnology innovations for
environmental sustainability within a specific ggcilhis sustainable technology
study is concerned with nanotechnology applicatiore specific technological area-
“print-on-paper”. Its deinkability function for eahced fibre recycling in the paper
recovery stage is examined through this innovamgroach. It is often stressed that
new and emerging generic technologies offer gretgntial for major gains in eco-
efficiency and dematerialization. Assessing emergamovations which consists of
any changes in end uses of materials and commigmemécycling, offer cleaner and
more efficient processes can certainly help inftifigng types of eco innovations
developed over time.

Product Information Databases offer a second pitisgitor tracking innovation
output. There is a growing availability of publidyailable information databases to
guide consumers in making choices regarding proguthase. This is an online
analogy to the product catalogue type of literatiatabase. One particular subset of
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these which is of particular interest for eco-inaten indicators is designed to enable
consumers to exercise choice on the environmeniadct of their selected products.

Although many databases are available in variormgahrough web access to the
product catalogue type of literature database, no&tlyem are rather too partial or
selective in coverage of information. Only the ono#fering comprehensive consistent
data on some environmental performance parametwesthe chance to be applied in
measuring eco-innovations. Though often ratheligarhd selective, some offer
comprehensive product coverage with consistent@asome environmental
performance parameters. Some of these arise franewgslative requirements to
provide environment relevant information to constsn€or example, Directive
1999/94/EC requires availability of consumer infation on fuel economy and CO2
emissions in respect of the marketing of new pagsrecars. A publicly accessible
web based UK database (May 2007) has 2871 mod#igieiails on company,
technical characteristics and environmental impacteasibility study was
undertaken to assess the viability of using pudli@ilable products information
database to identify eco-innovation.

Changes in eco-performance of products can belisstath for a number of electric
household appliances thanks to a series of CoDm@Cttives pertaining to labelling
and standard product information of the consumpbioenergy and other resources.
Based on the Council Directive 92/75/EEC, the EaeopCommission defined details
of the relevant type of appliance and the obligatmimplement the corresponding
directives. As yet, directives were adopted forftiwing electrical household
appliances: household electric refrigerators aedzers and their combinations
(Directive 94/2/EC with amendment 2003/66/EC), lehudd washing machines
(Directive 95/12/EC), household electric tumblesdsi(Directive 95/13/EC),
household combined washer-driers (Directive 96/6)/lousehold dishwashers
(Directive 97/17/EC and amendment 99/9/EC), housklamps (Directive
98/11/EC), household air-conditioner (Directive 2(81/EC) and household electric
ovens (Directive 2002/40/EC). A further directive labelling hot water heaters is
planned.

As with passenger vehicles a consequence of tijisidgion is that data on the
environmental performance of new products is nostespatically gathered.Access to
these databases with some systematic analysisiafesand time to market of
innovation could lead to a useful eco-innovatiadiéator

Conclusions

The review of empirical studies of literature bagetbvation output indicators
demonstrates that it is feasible to capture innomadutput events through the
systematic selection of reports of such events kwhre recorded in documentary
sources such as trade journals or product catasogueh appropriate methods it is
possible to categorise these innovation eventsrdicgpto attributes such as
organisation size and location, novelty and fumaldy of innovation, time of market
entry etc. This enables comparative analysis dépa of innovation according to
time, place, organisation, sector, and technolbgghort it leads to an appropriate
and useful innovation indicator.
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The advantage of event based eco-innovation outgdidators is that they combine
rich qualitative data on the nature of specificawations categorised in a manner that
enables effective quantitative analysis. The maawback of these indicators is that
there is no obvious universal source of such in&diom. It needs to be aggregated
from diverse sources and interpreted with someréigpelt is proposed that the most
practical route to carry this method forward isig®@ a selection of online digital
sources to construct a ‘basket’ of eco-innovatratidators with sufficient diversity to
give a guide to broad patterns and trends whilelaitning universal coverage. Such
a basket of eco-innovation indicators would bedebttalong a number of criteria.
Any indicator should only be included if it offansde international (preferably
global) coverage and is available on an ongoingsliesmm the year 2000 onwards.
Indicators need to be drawn from a range of seedstechnologies which represent
significant arenas of economic and innovative agtiwlost importantly from the
viewpoint of eco-innovation the basket of indicatarust explicitly cover a spectrum
from incremental eco-efficiency improvements witttie current prevailing
sociotechnical regimes through to radical transtdime innovations with the
potential to enable transitions to new sociotedmegimes.

Different tracking methods are needed for measuriogemental and radical eco-
innovation output. It is proposed that measurernentd best be achieved as follows:

Incremental eco-innovation indicatorslhese should be based on the digital ‘product
information’ sources. In particular they can exptbe databases on the
environmental performance of new consumer prodswath as cars and domestic
products arising from European Union legislatiorconsumer information labelling.
These could quite speedily be turned into an enovation indicator enabling

analysis over time and between countries and bssase

Radical eco-innovation indicators These should be based on the digital ‘new
announcement’ databases. A selection of these dheunade which offer the
greatest potential to capture innovations withrda potential to enable sustainable
system innovation. These could include low carlemimbologies and other
sustainability oriented innovation paths, perhaygtuiding those in the generic areas
of information technology, biotechnology and naxbt®logy. The identification of
an appropriate range of such areas of innovatioiddben be translated into an eco-
innovation indicator through systematic search@atdgorisation from suitable online
digital sources.

Attention should also be given to system-innovatiorhis constitutes a big
challenge. It is difficult to envisage how one abliéapfrog’ the development of
well-grounded singular innovation indicators in@rdo address the even bigger
challenge of systemic innovation indicators. Angerpretation of ‘systemness’ also
requires the specific detail required for a cregldsessment of environmental
impact, which won't be easy.

One of the merits of a robust innovation outpuigatbr is that it becomes possible to
assess the actual contribution of research expargibr patenting activity to
innovation performancdt would also enable the more systematic explomaf

other dimensions of the innovation process sudhesole of users, open innovation
processes and non R&D based knowledge inputs.
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3. Assessing the capacity for eco-innovation fromsystem
perspective

Innovation research has shown that innovation aceuithin a wider context that
shapes innovation processes, innovation output egwhomic and environmental
outcomes. This wider context consists of the valbesiefs, knowledge and networks
of actors, the technologies in place, economic gnptie product market conditions,
factor market conditions, the education and trgnsystem, physical infrastructure
and the macroeconomic and regulatory context.

MEI researchers Jamie Speirs, Tim Foxon and PetarsBn, examined six
approaches into the systemic and dynamic aspeata@fation:

* The Innovation System Frame

* The National Innovation System concept

» National Innovative Capacity concept

» The technological innovation system concept

* The system innovation approach

» A socio-cultural perspective

All six approaches share the view that knowledgeifimovation is distributed in

society among the specialised knowledge producdrs meed to coordinate and
collaborate with each other for efficient innovatiolnnovation occurs within

networks and is shaped by the knowledge and irttedsprivate companies. The
innovation system perspective particularly emplessithe central role of interactive
learning between the companies (users and produgerhe value chain for the

innovation process. The first three and last apgrohave been used for data
collection and it is on these three approaches weawill focus our discussion (a
discussion of all six approaches can be found i@ Beliverable on systems
approaches on innovation).

3.1 The Innovation System Frame
The Innovation System Frame as defined in The ®&aual (which constitutes the
basis for the Community Innovation Survey) consisfsfour distinct domains
representing classifications of factors relatinginaovation capacity. These four
domains are as follows:

* Framework Conditions

» Science and Engineering Base

» Transfer Factors

* Innovation Dynamo
These four domains and their relationship to eableroare presented in ‘The Oslo
Manual’ in an outline map presented in Figure 6fildons of the four domains are
dealt with below.
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Figure 6: The Innovation System Frame, as presented the second edition
of the Oslo Manual

FRAMEWORK CONDITIONS
The general conditions and institutions
which set the range of opportunities for innovation

TRANSFER FACTORS

Human, social and cultural factors
influencing information transmission
to firms and learning by them

INNOVATION
DYNAMO

Dynamie factors
shaping inmovation
in firms

SCIENCE AND ENGINEERING BASE

Science and technology institutions underpinning the
innovation dynamo

In chapter 5 of the Manual, 6 groups of indicatmes proposed, with the intention that
these form the subject of survey questions foptimposes of data gathering. A list of
suggested questions is provided for each of thieabor groups. It is highlighted that
these questions have a proven value for analypogboses as they were formed
based on the results of the Community Innovationv&u (CIS) which was
undertaken as a result of the first edition of “T@slo Manual’. Chapter 5 of The
Oslo Manual (1997) contains an exhaustive listligbrposed questions.

Objectives of Innovation
The manual recommends the gathering of data onrghsons for engaging in
innovation activity. They comprise a series of des relating to:

Economic objectives of innovation:
* replace products being phased out;
* extend product range:
—within main product field;
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- outside main product field;
« develop environment-friendly products;
e maintain market share;
* increase market share;
* open up hew markets:
— abroad,;
- new domestic target groups;
« improve production flexibility;
* lower production costs by:
-reducing unit labour costs;
— cutting the consumption of materials;
— cutting energy consumption;
- reducing the reject rate;
—reducing product design costs;
- reducing production lead times;
* improve product quality;
* improve working conditions;
* reduce environmental damage.

The questions do not relate directly to any arddSloe Innovation System Frame”
but provide valuable information about the drivefsinnovation within a certain
market.It is of interest that the objective “develop eneimment-friendly products” is

not currently included in the CIS

Factors Assisting or Hampering Innovation
These questions are divided into two sub-defsermation sources, andeconomic,
enterprise and other factors
Assisting or information factors are then dividedf@llows:

* Internal sources within the firm or business group;

» External marketing/commercial sources;

* Educational/research institutions;

* Generally available information.
It is here that we begin to see reference to thevation system frame as a basis for
the design of these data gathering questions.nlaltesources of information clearly
relate to the idea of an "innovation dynamo” or timernal workings of an
innovating firm. External marketing/commercial stes and generally available
information (which includes codified knowledge) eefto transfer factors.
Educational/research institutions are at the ceafr¢he science and engineering
base.
Hampering factors are divided as follows:

» Economic factors, including prohibitive cost, peveel risk and lack of

appropriate finance;
» Enterprise factors, including lack of skilled parsel or R&D effort;
» Other reasons, including lack of technological appaty or prohibitive
legislation.

The factors examined here all refer to element$ramework conditions” and in this
way this indicator attempts to assess the resparideneference to “the innovation
system frame”. Prohibitive factors such as prohibitcost and lack of appropriate
finance are specifically mentioned in the componeleiments of the “framework
conditions” domain. Similarly enterprise factorslahose ideas included under “other
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reasons” such as prohibitive legislation also fmention within this domain of "the
innovation system frame”.

Identifying innovating firms

Data on whether or not a firm is innovating ar@bvious importance when assessing
the effect of the other indicators considered. Manual defines in detail the criteria
needed to qualify as an innovating firm and iniended that questions be included to
clarify the respondent firm’s innovating status dxhson these. The Manual also
suggests that only successful innovations of teetlaee years should be considered.
This timeframe will be of importance when comparimgovation data or their
derived statistics across jurisdictions.

The Impact of Innovations on the Performance of thdenterprise
This indicator is subdivided by the Manual into:

» The proportion of sales due to technologically mevwmproved products;

* The results of the innovation effort; and

* The impact of innovation on the use of factors m@idoiction.
It is highlighted that, for firms established withihe three-year timeframe, all sales
will be based on new or improved products and ah shese firms should be
considered separately. The Manual goes on to re@muroertain question structures
for each of these performance indicators in ordesidcertain the financial and other
performance aspects of innovation for the innoatirm. These questions assess the
innovating firm only and as such do not rely heawih the concepts of the innovation
system frame.

Diffusion of Innovation
Diffusion of Innovation as an indicator has cleaigims in the “transfer factors”
domain of the "innovation system frame” and thipexs of “diffusion of innovation”
will account for the knowledge of innovation movibgtween markets. The capacity
for those innovations to be adopted by other fionsn other jurisdictions largely
depends on elements of the wider “framework cooadsi.
The manual proposes two sub-sets of question topic:
» User sectorswhere the sector of the creation of innovation #me sector
where this innovation has been adopted are defined;
» Survey of the use of advanced technologies in taeufacturing process,
which has been included because of the precedéemtygerevious studies in
this area by several OECD countries.

Special Questions
These indicators do not fall into other categoaerd are an attempt to fill information
gaps in the survey data. Three main indicatorpeorposed in this section:

» Special questions on R&D, which are deemed importaninnovation

measurement but are not covered in the “Frascatiuglig;

* Questions on patents and the appropriability obuations; and

* Questions of acquisition and diffusion of techni¢sg
It is highlighted that patent data only represamtention that may not lead to
innovation itself, although knowledge of this presds important to understanding
the innovation process. It is clear to see hemmetes of the “framework conditions”
and “transfer factors” domains, particularly in thst two indicators.
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Measuring Expenditure on Innovation
The Manual devotes an entire chapter to the proogsseasuring expenditure on
innovation. The “Frascati Manual” clearly covers @spects of R&D expenditure but
it does acknowledge the fact that this representy a part of total innovation
expenditure.
The Oslo Manual defines innovation expenditureabkexpenditures related to those
scientific, technological, commercial, financialdaorganisational steps which are
intended to lead, or actually lead, to the impletagon of technologically new or
improved products and processes.”
This definition clearly covers significant areasesfpenditure that are not covered by
strict measurement of R&D expenditure. The "Fraskinual” goes on to discuss
several areas of importance in the measuremennofation expenditure. These are:
 The method of measurementand a discussion of the object and subject
approaches to data gathering; and
« The breakdown of innovation expenditure, including the following
categories:
o Breakdown by type,including labour costs and capital costs etc.
o Breakdown by innovation activity, including R&D expenditure and
marketing of innovative products etc.

All of this is relevant to eco-innovation and stebbke adhered to.

3.2 National Innovation System

The concept of “National Innovation Systems” (N¥&s developed during the 1990s
and is an attempt to expand the ideas of innovatimadels from typically linear
structures to a more integrated and interactiveovation systems conceptual
framework. Work towards this more strategic conagpinnovation was carried out
by the OECD under the National Innovation Systenogept and was concluded with
the paper ‘Dynamising National Innovation SystenfRemge et al. 2002). A
subsequent project entitled “MONIT” (monitoring andplementing national
innovation policies) attempts to guide implememtatiof this previous work into
national government policy (Remge et al. 2005).

Scope of NIS

The NIS approach is, similar to the previous strdadused on the firm or enterprise
level and its interactions throughout the systetme &pproach is primarily focussed
on technological innovation, which should be vieveesdanalogous to TPP innovation
referred to in the previous chapter. However, bdehsideration is given to the
increasing evidence of the importance of orgarosali and marketing (referred to as
“branding”) innovations. The transformation of #ieéecommunications firm Nokia is

cited as an example of organisational and brandimgvation.

A generic model of national innovation systems nespnted in Arnold & Kuhlman
(Arnold, Kuhlman 2001) and presented here in Figure

Figure 7: The generic model of national innovatiorsystems as presented in Arnold &
Kuhlman (2001)
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This generic conceptual model of innovation castmmarised as:
» Clusters of innovative entities;
* The interactions between these innovative entitied;
* The framework conditions within which these ensitaperate.

The idea of the conditions creating successfultelgsis also visited within the NIS
literature and this can be seen as being part effrdimework conditions itemised
within the generic model in Figure 7 and as comnmmany of the innovation
conceptualisations covered in this review.
The concept of clusters of innovative entities imes an inherent dependence on
interactions and these interactions are centréthéogoals of NIS (i.e. to generate a
non-linear model of innovation). The interactiommsidered here are summarised as
including three basic ideas:
» Competition, creating incentives for innovation through riyalbetween
innovating firms;
» Transaction, representing traded knowledge between actorsiding tacit
and technology embodied knowledge;
* Networking, or knowledge transfer through collaboration, pemtion and
long term networking arrangements.

Proposed Indicators

In the course of the MONIT project, aiming to madvks theory from the NIS project
into real policy making, a series of comparable SiEHgrams were created for 13
participating countries. The variables used in troleting these diagrams are a set of
indicators based on the NIS approach and itemiseannex C of ‘Governance of
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Innovation Systems Volume 1: Synthesis Report’ (Benet al. 2005). These

indicators are as follows:

* Innovation in the company system This set of eight indicators attempts to
assess the core innovation activities at the figwel and includes the
following measures:

* Innovation expenditures (% of all turnover in maawitiring);

» Patents in Triadic patent families per million plation;

» SMES’ share of national R&D performance (% of tdtasiness R&D);

 Employment in medium and high tech manufacturing ¢%b6total

workforce);

» Stock of inward FDI (% of GDP);

» Business expenditure on R&D (BERD)(% GDP);

» Direct government funding of business R&D.

Knowledge generation through education and researchystem.Here, four

indicators were used in an attempt to assess thgrgss of knowledge

generation at the national level:

* New S&E graduates (% of 20-29 years age class);

* Number of PhDs per 10,000 inhabitants;

* Number of publications per million population;

» Basic research as a percentage of GDP;

» Share of annual government budget allocated t@reke
» Industry-Science linkagesThis group of three indicators attempts to quantify

the strength of linkages between firms and the widestitutional

infrastructure, contributing to the scientific knledge base:
* Business-financed R&D performance by higher edooats % of
GDP;
» Business-financed R&D performance by governmerat #sof GDP;
» Percentage of innovative firms co-operating withheot firms,
universities or public research institutes.

» Absorption capacity (aspects of demand, infrastruatre and framework
conditions). This group of indicators (as stated above) repitssehe
assessment of the framework conditions of the iatieg system amongst
other themes:

* Population with tertiary education (% of 25-64 yseage classes);
» Participation in life-long learning (% of 25-64 ysald);

* Investment in knowledge as a percentage of GDP;

» Seed and start-up venture capital (investment @@d GDP).

» Overall Performance. This grouping attempts to describe the extent thvh
the system and all its conditions have achievedenerating an innovative
environment:

» Share of innovative firms as a percentage of atidi(manufacturing);

» Share of innovative firms as a percentage of atidi(services);

» Labour productivity/ CAGR, GDP per hour worked,;

* Average annual growth of value added in high andliom tech as
compared to average annual growth of GDP;

* Average annual growth of employment in high and iomadtech as
compared average annual growth of total employment.
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The indicators presented in the synthesis repoth@MONIT project and discussed
above represent the variables used to create muttte analysis diagrams for each of
the participating countries. The data for eachhefsé indicators was gathered from
several surveys carried out as part of six projects
» The European Innovation Scoreboard;
» OECD Science, Technology and Industry Outlook;
 UNCTAD World Investment Report;
* “Benchmarking National Research Projects: The Impat RTD on
Competitiveness and Employment”;
« OECD “Comparative Innovation Performance: Countréasl Policies for
Review”;
» Eurostat, CIS-2;
 “Annex to the Progress Report on Benchmarking oftidéal Research
Policies. A Set of Commented Indicators on 4 Thémes
As such, the indicator data was supplied by sewextdrnal sources and no project
specific survey was created or carried out. Thighthhave an effect on the precision
or efficacy of the indicators to describe the inmion system as detailed within the
strand literature but this remains to be seen.

Several of the above indicators may be used intadafprm for monitoring and
assessing eco-innovation activities and relevactbfa. Specific suggestions will be
offered below, after discussing two other strands.

3.3 National Innovative Capacity

This concept is developed in work by Porter andr5(2002) and is further referred
to in Deliverable 1 of the MEI project. The worlests from the observation that,
although R&D expenditure is common to all jurisgios, observed bias in R&D

expenditure is evident in recent record. It is abbserved that patent registration
displays similar heterogeneity across jurisdictiowith some regions or countries
registering significantly more patents per capitant others. This location-bias is at
the centre of the concept of "the national innoxatiapacity” (NIC).

Scope

This strand focuses on innovation of a technoldgiature and explicitly refers to the
comparison of indicators across all jurisdictiofitere is no specific definition of

innovation found in the literature although theteys of data gathering implies that
any patentable technology is considered as an aimmyv The data gathering method
also implies a focus on the firm or enterprise leve

Key Concepts
In the paper ‘National Innovative Capacity’, Portend Stern (2002) begin by
defining the national innovative capacity as “....t@untry’s potential — as both a
political and economic entity — to produce a streeamcommercially relevant
innovation.” The implication being that this “streaof innovation is a product of the
conditions inhabited by an innovating entity. Theas underpinning this theory are
conceptualised by the authors in three elements;

e« Common Innovation Infrastructure;

» Cluster-Specific Conditions; and

* Quality of Linkages.
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Figure 8: Elements of national innovative capacityas presented in Porter and Stern
(2002)
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These are graphically represented in Figure 8.

The Common Innovation Infrastructure

This element is defined as the set of human andnéial resources devoted to
innovation, the public policies impacting on inntwa, and the economy’s level of
technological sophistication. It is the environmesithin which all innovating
enterprises must operate. In this way the “commmoiovation infrastructure” can be
seen as analogous to the “framework conditiongrretl to in the "innovation system
frame” of the “Oslo Manual”.

Cluster-Specific Conditions

This idea of an innovating cluster (defined as @dfyaphic concentration of
interconnected companies and institutions in aiqdar field”) expands slightly on
the idea of the “innovation dynamo” found in “thenovation system frame” to
include the relationship between innovating entsgpon a localised level, an element
confined to “transfer factors” within previous ceptual frameworks. This concept
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also gives significant weight to the effects ofdliged rivalries to drive innovation, a
concept not fully expressed in other conceptuahéaork of innovation.
The environment at this, “cluster” level is furtl@nceptualised as four interrelating
attributes, each contributing to the innovativeazagy of the "cluster”.
They are defined as:
» The context for firm strategy and rivalry, representing the local
encouragement of investment and rivalry betweeal leoterprise;
» Factor or input conditions, including human capital, risk capital, research
infrastructure and information infrastructure;
» Demand conditions,including insight gained from sophisticated local
demand; and
* Related supporting industries including local suppliers, related companies
and the presence of these in localised industridusters’.

The benefits of cluster-specific interactions agéemed to, developing the idea of
heightened efficiency and competitiveness as altr@guthis environment. These

benefits may include faster adaptation to chandieigand or market forces and the
competitive efficiency developed in peer-orientetvimnments. It is believed that

these elements may not be adequately accountéd donceptual frameworks that do
not address this “cluster” environment.

Quality of Linkages

The quality of linkages is defined as the relatiopsbetween the common
infrastructure and a nation’s industrial clustefie relationship is described as
“reciprocal”’, as clusters are said to be able tedfeand benefit the common
infrastructure. Porter and Stern propose thatreiationship is governed by formal or
informal organisations that facilitate the linkstwween the common innovation
infrastructure and industrial clusters. One sudmanisation given in example is that
of the national university system, which providgsaaticularly strong bridge between
technology and companies.

International patents as the baseline indicator

Since this theory is scoped specifically towarde ttechnology frontier (and
disregards organisational and marketing innovattbe)authors have concluded that
international patents provide the best measure edlised innovation. The
international patenting registration figures acr@ssample of 75 nations were
recorded and corrected for population, histori@dhnological sophistication and
commitment of human resources. The resulting figiame ranked and considered the
baseline data for use in further analysis.

Sub-indices

For the purposes of comparison with the baselinsulgtindices are created. Using
survey data from th&lobal Competitiveness Report (GCfRprter et al. 2002) the
authors identified 24 survey measures that closelyelated to the baseline data.
These are grouped into three classes and usecde&tecthree corresponding sub-
indices: theinnovation policy sub-indexthe cluster innovation environment sub-
index and thdinkages sub-indexVeightings for each survey measure are used based
on the regression of that measure against theibas#dta. A fourth sub-index was
created based on the baseline data: the sciemtidtengineers sub-index.
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The Scientists and Engineers Sub-index

The variable representing the commitment of hunesources was found the most
significant in the creation of the baseline datas lused, therefore, to create a sub-
index for comparison with the baseline data. Thieimation can be used to highlight
countries that invest more or less relatively toeotcountries and, in comparison with
observed patent registration, can indicate efficyeor inefficiency relative to this
measure.

The Innovation Policy Sub-Index
Of the 24 GCR survey measures found to closelyetater to international patent
registration, 10 were classified as relating toowation policy. Three of these were
chosen and used to create the innovation policyirsidx. These were as follows:

» The effectiveness of intellectual property proteati

» The ability of a country to retain its scientisteleengineers; and

* The size and availability of R&D tax credits foetprivate sector.

The Cluster Innovation Environment Sub-index
10 survey measures were classified as relatingealuster innovation environment
and of these the following three were chosen taaterghe cluster innovation
environment sub-index:

» The sophistication and pressure to innovate fromesiic buyers;

* The presence of suppliers of specialised reseadlraining; and

» The prevalence and depth of clusters.

The Linkages Sub-Index
The remaining 4 survey measures were classifietelating to linkages between
clusters and the common innovation infrastruct@ethese, two were selected and
used to calculate the linkages sub-index. Thosalias are as follows:

» The overall quality of scientific research instituis; and

» The availability of venture capital for innovatibet risky projects.
In this way the indicators used in “the nationalamation capacity” are very closely
derived from the conceptual model of innovationgaged by Porter et al. All three of
the elements proposed as contributory to the natiomnovation capacity are
represented.

The Innovative Capacity Index

This index is the sum of the four sub-indices dethabove and is intended as the
definitive measure for comparison of innovative a@fy across countries. By
comparing the overall standing in this index whie warious sub-indices it is possible
to see areas where a sub-index for a country dotpes the final innovation capacity
index, possibly suggesting inefficiency within trgtb-index. Conversely, it may be
possible to observe a sub-index that underperfaauganst the final index rank,
possibly suggesting an area for improvement oraa af high efficiency.

Extent of Current Indicator Data Collection

The data collection methods used by Porter & Stetheir NIC approach involve the
use of patent data and the survey results fromGlodal Competitiveness Report
(GCR) (Porter et al. 2002). Similar to the previous stiramo project-specific survey
was created or implemented. This may create dlffex) in accuracy and
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effectiveness although the area of patent analysi®ll documented and based on the
extensive records kept by patent organisations.

3.4 The Technological Innovation System (TIS) appiech

This approach has been developed by several résearén Sweden and the
Netherlands (Bergek, Jacobsson and Hekkert), whiin @im of improving on
“systems” style analysis of the innovation procdasovation theories focusing on
the structure of innovation systems have, it isinotal, proved insufficient in
informing the study of the innovation process (Hakket al. 2007). As such, this
approach attempts to analyse innovation systemsadsessing what are termed
“functions of the innovation system”, a term givém certain processes deemed
important to the success of an innovation systéns inentioned that this approach
can be considered a form of history event analysis.

Scope of TIS

The scope of this approach is focused on technmbghnovations and using these
innovations as a reference point rather than ttme &ir enterprise, as is common in
other innovation systems approaches. The appr@aalsd defined with reference to
the scope of other system scopes, overlapping reécod national system scopes.
This approach also expresses an explicit intereshvironment specific innovations
policy, as in Hekkeret al (2007) and their consideration of ‘market formatiaa a
function of the innovation system. This is not eegzed explicitly in any definition of
the approach or its intentions within this documieat is clear in the details of the
paper.

Hekkertet al (2007) created a list of seven functions whiclythepose as suitable
for the purposes of describing and analysing teldyical innovation systems. The
proposed functions are as follows:
» Entrepreneurial activities. This is noted as a primary indicator of the
performance of an innovation system. As such, ihipart a function of the
other six functions. It is also highlighted thattiae entrepreneurs have a
significant influence in shaping the innovation teys. The following
indicators are suggested in order to measurefuthetion:
» The number of new entrants
* The number of diversification activities of incunmib@ctors
* The number of experiments with the new technology
* Knowledge DevelopmentThis function includes "learning by searching” and
“learning by doing” and represents the heart of itiieovation process (the
knowledge economy). Three indicators for this fiorcare suggested:
* Number of R&D projects over time
* Number of patents over time
* Investment in R&D over time
» Knowledge Diffusion. This function is a common concept throughout vasiou
innovation system theories. The speed and protitaraf knowledge transfer
is of significant importance to the health of amamation system. The
following two indicators are suggested:
* Number of workshops and conferences devoted to ecif8p
technology topic
» Size and intensity of network related to spec#ichinology over time
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» Guidance of the SearchThe force guiding investment in certain aspects of
the development of new technology. This is of int@oece due to the limited
resources often associated with the developmemtewf technologies. Any
actor within the system can create this guidingdpalthough most commonly
it is exerted through market forces and legisldtgenomic influence.
Suggested indicators are:

* Success achieving government or industry desigaegts for use of a
specific new technology

* Number of articles on the future development oéwa technology

* Ratio of positive to negative articles regardingp@ntation of future
technology development

* Market Formation. Through the observation that most new technologres
poorly prepared to compete within their relevantkets, it is noted that the
formation of niche markets or manipulation of markenditions through
economic instruments is important for the succeésdfwelopment of a new
technology. Certain examples of this process it are given, including
the tax incentives for renewable energy technologyHolland or the tax
exemption on biofuels implemented in Germany. Satggkindicators are:

* Number of niche markets introduced

* Number of specific tax regimes for new technologies

* Number of new environmental standards that imphances for new
technology

» Resource Mobilisation. This function relates to the ability of an innowvafi
actor to gain access to finance of human capitakder to fulfil the needs of
the development of a technology. It is noted th& function is difficult to
measure directly. The following is suggested foasugement purposes:

* Question actors as to their perception of accespdoific resources

» Creation of Legitimacy/Counteract Resistance to Chage. Hekkertet al
(2007) observe that in order for a technology tocsed it must in itself
become an incumbent technology. In turn it mustrefore, overcome the
issues of resistance within the market by achiegioige level of legitimacy.
This legitimacy is most successfully afforded by tvork of coalitions of
advocates who can place technologies on the mlitied public agenda. The
success of biofuels in Germany is once again useanaexample. Here the
advocates included the agriculture sector (gaifingnmon Agriculture Policy
subsidies and a new lucrative market) that in treated a successful lobby
group (the Union For the promotion of Oil and Protplants, UFOP). The
UFOP brought together various other advocates, ldewveg the market and
legitimacy of the technology. One indicator is sesfgd:

» Growth of interest groups and their lobby actions
For selected energy technologies one might also theefindings from
Eurobarometer (see Figure 9).
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Figure 9: Public opinions on selected energy techlagies: solar and wind
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The functions approach has been applied in a rahgeidies, combining a qualitative

and quantitative element.

3.5 Eco-innovation systems and policy

This strand focuses specifically on innovation framenvironmental perspective. It
focuses on the policy process and as such hasahasese focus on the firm or
technology level as in other strands. The poli@ycpsses regarded are considered
from a national/member state and European scope.

The basis behind current work on eco-innovationesys is to help create a model
framework through which future eco-innovation pglaan be constructed. It is
observed that traditionally the areas of innovapiohcy and environmental policy
have been considered in isolation. The purposkisftrand of innovation study,
therefore, is to suggest ways to integrate thesepblicy areas.

In the report entitled ‘Transforming policy processo promote sustainable
innovation: some guiding principles’, Foxehal (2005), propose the following five
guiding principles to inform the sustainable inntbwa (SI) process:
» Stimulation of the development of an SI policy regne, bringing together
the innovation and environmental policy regimesFour specific actions are
suggested in order to achieve this including:
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* Promotion of Sl as an explicit policy goal,
» Systemic changes to current technological andtutigthal systems;
» Creating a long-term, stable and consistent sti@fegmework to
promote a transition to more sustainable systent; a
» Formulating clear, long-term sustainability goals.
This principle is designed, therefore, as the itioegoint of a transition between the
incumbent style of policy process and what is psgabfor the future.

* Apply systems thinking, engaging with the complexjt and systemic
interactions of innovation systems and policy-makig processesAgain,
four actions are proposed:

» ‘Systems failures’as rationale for public policy intervention;
» Taking advantage of ‘techno-economic’ and ‘polieyhdows’ of
opportunity;
» Diversity of technology and institutional optionsas a solution to
‘lock-in" of unsustainable technologies and ingtdns; and
» Developing and implementing thgubstitution principle’.
Here the guidelines point towards the need to addiee innovation system in an
integrated fashion, moving away from the more lineaovation models of the past.
This is an idea noted heavily in the second strdriblis review. The “substitution
principle” mentioned here refers to a specific pipte of policy/law which aims to
overcome lock-in issues associated with certaihrelogical systems. According to
Foxonet al (2005) the use of public intervention measuresimhiee to facilitate this
principle could be applied according to the followgicriteria: environmental
assessment of the existing technological systeenihirket availability of substitutes;
and the need to maintain market availability of $bevice offered by the affected
product. The first iteration of this principle cha seen in Article 4(2)(b) and annex I
of the End of Vehicles Directive.

» Advance the procedural and institutional basis fordelivery of Sl policy
aims. Two actions are proposed to achieve this:

» Promotingpublic/private institutional structures to enhance
regulator/regulated relationships and stakeholdtvites; and

* Ensuring broadtakeholder participation, particularly from the
‘innovation constituency’.

» Develop an integrated, synergistic mix of policy prcesses and
instruments that cohere to promote sustainable innaation. This to be

achieved by:
* Applying sustainability indicators andsustainability innovation
criteria;

» Balancing benefits and costsf likely economic, environmental and
social impacts;

* Using adedicated Sl risk assessment toah developing policy
support instruments; and

» Assessing instruments in terms of their appropneds to different
stages of the innovation process

* Incorporate policy learning as an integral part of SI policy processby:

» Monitoring and evaluation of policy implementation;

* Reviewing policyimpacts on sustainable innovation systemsind

* Learning angolicy process enrichment.
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These guidelines give a positive direction to titegration of eco-innovation policy
and wider environmental policy processes. They atb@cate the use of systems
thinking in the consideration of the eco-innovatmmiicy process. This is clearly in
step with the innovation models considered hetafalhich advocate this type of
approach to innovation conceptualisation. Thesdss mention of stakeholder
participation and regulator/regulated relationgmpancement. This is something that
may become fundamental to the success of eco-itinovaolicy making, as other
guiding principles cover issues contrary to thedgpaspirations of industry such as
technology diversification and public policy intention.

3.6 Socio-cultural determinants

A socio-cultural perspective seeks to focus ona@oid elements relevant to eco-
innovation, and to measure these using a capifbaph. The main source is work
done by the consultancy Technopolis as part oStW8TEMATIC project, supported
by the European Commission under tHeFBamework Programme. This work is
recent and under development. First results grerted in Bruncet al (2008)

The starting point for this work is the claim tlsacio-cultural factors influence the
nature and level of innovation across industriat@s. The approach has two
elements: firstly, to analyse similarities and eliinces across national socio-cultural
profiles; and secondly, to explore the socio-cualtimctors relevant for specific
sectors, focussing on the eco-innovation sector.

The socio-cultural characteristics of communitgsographical or sectoral) relevant
to innovation are identified by four dimensiondgereed to as “the four capitals”

» Cultural capital & consumer behaviour;

* Human capital;

» Social capital; and

» Organisational capital & entrepreneurship.

Similar forms of conceptual classification basedyges of capital can be found in
other reports for the European Commission (Highel&xpert Group on RICARDIS,
2006), as well as in a broader analysis of theedisiand barriers to sustainable
development in “Capitalism: As if the world matteby Jonathon Porritt (Porritt
2005). The classifications of these four capitalsdiby Technopolis are:

» TheCultural Capital and Consumer Behaviour category refers to the
attitudes of people that may influence innovatieciuding attitudes towards
science and technology, the future, and the enwigort.

 TheHuman Capital category is defined as the knowledge, skills and
attributes derived from education, training andkvexperience.

» Social Capitalis defined as the nature and intensity of relaigps, assuming
that the nature and intensity of social networkgagts directly on the
productivity of individuals and groups (BourdieudB9 OECD et al. 2001).

» Organisational Capital refers to an organisation’s resources and rules
including cash-flow, R&D personnel, culture, roeti structure, morality and
management style. Highlighted aspects of this dassindividuals attitude to
work; employer employee relationships; attitudedads risk; and the level of
organisational rigidity/innovativeness.
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Using data from three key surveys (Eurobarometamiean Social Survey, and
Community Innovation Survey), indicator sets wenrsated for each of the capital
classes and their values (expressed as an indeg)cateulated for each of the EU25
countries. These were used to profile the sociturall characteristics relating to
innovation for each of the countries considereaveak but clear correlation was
found between the measured socio-cultural capa€i#ycountry and its performance
on conventional measures of innovation, includatgplur productivity, EPO patents,
and business expenditure on research and developfsurvey of 76 European
sectoral experts also showed that socio-cultucdbfa are important determinants of
innovation performance by sector. A review of ewicke for the influence of socio-
cultural factors on the eco-innovation sector westperformed, and broad policy
implications were drawn.

Proposed Indicators
The indicators developed for each of the four edgpiin the Technopolis report on
“Socio-cultural Determinants of Eco-Innovation” atescribed here:
Cultural Capital and Consumer Behaviour Indicators
* Interest in science and technology
» Attitude towards science
» Attitude towards risk from new technologies;
* Attitudes towards future
» Attitudes towards environment
» Attitudes towards other cultures
» Customer responsiveness
Human Capital Indicators
* Human resources in science and technology (HRST)
* Nationality of HRST
» Higher education (provision of Higher educated pepp
* Human resources in knowledge-intensive services
» Job-to-job mobility of employed HRST
» Participation in life-long learning
» Availability of lifelong personnel
Social Capital Indicators
» Cooperation with competitors
Cooperation with the academic world
Customer as a source of information
Trust
Corruption
Organisational Capital and Entrepreneurship Indicators
* Initiative at work
*  Empowerment
» Relationship between employers and employees
* Risk aversion/entrepreneurship
* SMEs which introduce an organisational innovation
» Organisational rigidities

These indicators attempt to measure factors undgrthe capacity for innovation in
a nation and/or sector, rather than measuring snpuobutputs of particular innovative
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activity. As such, it is difficult to establish @lecausal relations between these factors
and innovative activity. However, the results founydthe Technopolis study suggest
that this is an area worthy of further investigatio relation to understanding and
measuring eco-innovation activity. Whilst the iratiers ofhuman capital and
organisational capital and entrepreneurshipare reflected to a large extent in more
direct measures of innovation, tbeltural capital andsocial capitalindicators may
be neglected by other approaches. For examplegmétam and acceptance by
consumers of a firm having a “green brand” couldbemportant driver of
innovation by that firm. Similarly, building up astharing the necessary levels of
skills and knowledge for eco-innovation could bgartant, and could be facilitated
by EU policy measures to support inter-regionabperation and networking within
and between industrial clusters focussing on enosation. Skills in this instance
may refer to knowledge of eco-design principledlssk building constituencies for
the purposes of eco-innovative projects, and ecdwetiag and distribution (with
emphasis on relating to the consumer regardingreamv/ative products). These skills
could be broadly summarised as: eco-innovativéssiglating to the product; skills in
developing linkages to enhance eco-innovative mrand skills in legitimising the
eco-innovative product. The skills referred to hatelargely under the concept of
“Human Capital”.

Though the indicators proposed for this capitalciefly concerned with science and
technology human resources, it would also be efé@dt to comment on the human
resources relating to network development and ntizuelt is unclear how this could
be achieved. Emerging eco-innovation companiesicalsb benefit from efforts to
improve networking between SMEs across Europeantdes, and more strategic co-
operation between innovation and environmental imedgencies within countries to
promote eco-innovation (exemplified by successtubperation between agencies in
Sweden to promote and disseminate eco-labellirfigdges.) Finally, this approach
highlights the importance of training and educatiesign policies and tools (such as
European Masters programmes) to develop eco-inivevskills amongst industry
actors, including business managers, engineetsiterts and designers and supply
chain managers.

3.7 Eco-Innovation Implications

The relevance of the concepts discussed abovestméla of eco-innovation is of key
importance in the context of this work, in the éoling ways.

The theory referred to here as “technological iratimn systems” could be considered
as an innovation indicator set well suited to theasurement of eco-innovation. In
their discussion of the functions of innovation Kek et al. (2007) directly refer to
the environment. Further, the use of TIS theorgdscribe environmentally oriented
technology systems has precedent (Jacobsson agdkB2004). This theory is one of
two theories previously referred to here as haviimm” focus. The result of this firm
level of focus may make this theory suitable to paathon for the purposes of
measuring eco-innovation specifically, as indicatarveys could be used to target
previously identified eco-innovative actors.

The indicators proposed in the Oslo Manual shagditin focus identified in the TIS
indicators. This may make the Oslo approach sitgilamitable for the purposes of
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measuring eco-innovation. Although mentioned byielin ecological focus is not
apparent in the literature and there are no appasemples of ecological application
of these principles. It is, however, a comprehengiide to the process of measuring
innovation and therefore might provide a more eskige source of guidance for the
purposes of measuring eco-innovation. In this retsjpes a more definitive indicator
set than that of TIS.

The Community Innovation Survey (CIS), based on ¢hey editions of the Oslo
Manual and part of the iterative process, is cénest at this point. Under “objectives
of innovation” the Manual mentions developing earimentally friendly products.
This objective is not represented in any questiothé CIS. There are also other areas
of the CIS which could be improved from an envir@mtal perspective. Currently
health and safety and the environment are comhkimexhe indicator. This makes it
impossible to isolate environmental effects of waton activities from health and
safety effects. If these were separated it woulddyg useful for the identification of
eco-innovators and the assessment of the relatipertance of environmental effects
of innovation.

The CIS also asks about the importance of meetgglatory requirements as an
effect. This question has significance for innomatibut for eco-innovation research
this question could be modified to ask about thepdrtance ofenvironmental
regulations or alternatively which regulations wargortant or very important for
their innovation activities. In this way the surveyould identify more easily
“prohibitive legislation” mentioned in the Oslo Maal as a potential barrier.

The indicators proposed in NIS and NIC theorieskarn designed with an inherent
focus on the national level. As such they may hmttve slightly more difficult to
adapt for the purposes of measuring eco-innovatianight be possible, however, to
create supplementary indicators that could helpindjgish eco-innovation at the
survey stage. Although this would clearly createranwork and an area for further
study, it might be necessary to some extent witlofathe indicator sets considered.
With regard to the indicators identified in the oep“Governance of innovation
systems” (Remge, 2005) the following modificatioraynbe of use from the
perspective of eco-innovation.

The category Innovation in the company systémmight be usefully changed into
“Eco-innovation in the company system” with the follogiindicators:

* Innovation expendituredor the environment (% of all turnover in

manufacturing);

* Eco-patents in Triadic patent families per million pidgtion;

* Employment irecoinnovative firms manufacturing (% of total workfeic

» Business expenditure @mvironmental R&D (BERD)(% GDP); and

» Direct government funding of businessvironmental R&D.
The term “environment” would have to be carefulgfided. Pollution abatement and
prevention are clearly environmental. “Environmentay also refer to the use or
development of new materials. But as many environteleeffects occur across the
entire lifespan of a product, it is important tedaa life-cycle perspective. Attention
must be paid to the transfer of environmental motd: from one medium to another
and across boundaries. As to business expenditumesnvironmental R&D, an
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attempt was made in an OECD project (Johnstone)2@0g@ather this data, but the
response rate to this question was very low (5%).

“Knowledge generation through education and reseaysteti might be adapted
to “Knowledge generatiotior eco-innovation throughthe education and research
system”. Here we have the problem of identifying-@movation relevant knowledge
and studies. Further work is required to identifgge. During the consultation of the
Blueprint report (Rennings 2004) it was stated tta# greatest environmental
engineers are probably chemical engineers. Knowledigput materials and chemical
compounds certainly is relevant, as is knowledgeualifecycle analysis and eco-
design. Also business courses on environmental gesnment and corporate
sustainability would have to be included.
Of the five indicators probably only the fifth imditor (share of annual government
budget allocated to research) might be easily adapt

» Share of annual government budget allocateshtagronmental research

It will be very hard to break dowhindustry-science linkagé€sinto those that are
relevant for eco-innovation and those that are Witen studying real eco-innovation
processes, attention might be given to the indestignce cooperation. That way we
may learn something on the existence and the irapoet of those interactions.
Through the use of filter questions to identify @goovators in the CIS we may also
learn about the nature and quality of the intecadti

With regard to the indicator grod@bsorptive capacity, some relevant hard data are
available. One relevant indicator is the relatiiare of companies that have EMAS
or 1SO14001. Such information is available from tbertification bureaus. No
systematically collected information is available other organisational aspects
relevant to eco-innovation such as the use of esigd, LCA and the extent to which
environment is a corporate responsibility. Inforimaton this could be collected
through questions in a one-off survey, for instaasgart of a special module of CIS.
If this were repeated every 10 years, the evolutiborganisational aspects relevant
to eco-innovation could be traced. Through survihes percentage of firms with
environmental mission statements and officers atemld be assessed. The
commitment to eco-innovation of course will not yordepend on having people
responsible for environmental issues but also déjpend on the beliefs of managers
and workers about eco-innovation, whether theyisas a cost factor or source of
competitive advantage. These might vary within toenpany, however, and the
answers might not reflect the true beliefs. Oneukhbe careful, therefore, in using
this kind of information, however relevant.

As to “overall performancg, the following statistics might be used:

» Share okcoinnovative firms as a percentage of all firms (ofaeturing);

» Share okco innovative firms as a percentage of all firmsygms);

* Material productivity (TMR per capita or GDP).
The statistics are straightforward adaptationdefdriginal questions. CIS data could
be used for determining the share of eco-innovédtives. Eco-innovative firms may
be identified as those which report a positive affa terms of reduced material use,
reduced energy use and/or reduced environmentahdimgr improved health and
safety. A problem here is how to distinguish betw@®ovation and eco-innovation
and likewise between an innovative company and emrirenovative company.
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Section 1.2 provides a comprehensive definitioaad-innovation for the purposes of
the MEI project. One notable feature of that défni is the inclusion of innovations
providing an unintended environmental benefit. He future it may be desirable to
attempt to assess the effectiveness of eco-inrmvédstering policy. Since one of the
primary aims of measuring eco-innovation is to camp progress between
jurisdictions and over time, it is of importance itentify these definitional issues
before any measurement begins.

The work of Porter & Stern (2002) includes sigrafit discussion of the implications
of innovation for competitiveness, which may praweeful for the purposes of the
MEI project, but the idea promoted in NIC theorgttpatents are a good indicator of
realised innovation is contested elsewhere (OEC®Y )L 9vhere it is highlighted that,

although patent information may be an importanktusion in an innovation indicator

set it is not necessarily an indication of innowatoutput. The exclusive use of US
patent information also raises questions of biakaataptability.

Innovation expenditures are a better indicatoriforovation but this does not say
anything about the output and the economic valuthe$e expenditures. The same
applies for R&D-based innovations: they are imputrfar maintaining and improving
competitiveness but there is also a need for nabi&ibusiness models, networks and
alliances. This again demonstratiee importance of using different indicators and

to create also a knowledge base for interpreting #h indicators through case
studies In general, different research methodologies aeeded to assess the
complete range of issues. The idea of resourceuptivity, or the ratio of welfare
produced from one unit of nature is another releissue for consideration. This idea
of resource productivity or “eco-efficiency” maydicate, to some extent, the level of
innovation, as many innovative activities aim tgpnove products or processes by
improving their efficiency or decreasing cost thghumaterial efficiency. Resource
productivity is also affected by changes in demahaljding the effects of innovation
to some degree

The measurement of these two variables (welfare"asel of nature”) is still an area
of debate. GDP, the Human Development Index (HDY the Index of Sustainable
Economic Welfare (ISEW) have all been considereduitsible for the measurement
of welfare. The number of potential environmentalicators has also been identified
as potentially distracting. Among the potential igadors of “use of nature” are
Material Flow Accounting and Total Material Accoint.

If we treat the indicators of NIC theory to the saadaptation as that of NIS, then
these can also be improved for the purposes ofreamration measurement.

“The scientists and engineers sub-index8 entirely based on the percentage of
workers in these fields. A useful adaptation ofstlould then be to count the
percentage of the workforce employed as scientistengineer working on
environmental science or engineering. This coudd dle expressed as a percentage of
the total science and engineering workforce.

“The innovation policy sub-index’could be widened to include all relevant policy

areas for eco-innovation. Besides innovation poliognvironmental policy
(comprising all regulations and policies with radato air emissions, water
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discharges, soil protection and waste management)rarket structure regulations
are important. Two possible indicators are:
» The share of environmental taxes in the governrbadget or the percentage
of GDP;
» Prices for landfill and other types of waste mamaget (including effluent
charges).

A problem with the latter statistic is that priagsy within nations. A simple solution
is to use averages. Probably a better indicatthreigotal waste costs as a percentage
of GDP. It is unclear whether this information i@#able.

One might also use here the results from two qoestin the Executive opinion
survey of the Global Competitiveness Report (GGR)&tions.
» How stringent is your country’s environmental regidn? (1 = lax compared
with that of most countries, 7 = among the worlaigst stringent).
» Environmental regulations in your country are (kenfusing and enforced
erratically, 7 = stable and enforced consistemly fairly).

Three metrics were selected to represg&he cluster innovation environment sub-
index”: the sophistication and pressure to innovate frdomestic buyers; the
presence of suppliers of specialised research mwirntg; and the prevalence and
depth of clusters. It is unclear how these metdosild be adapted to an eco-
innovation focus. Alternative questions to asséss sub-index could include the
following:

» Environmental mindedness of the general public;

* Managers’ perception of overall quality of enviroemtal research in scientific

institutions.

These indicators might not serve the intentionshed sub-index completely and it
might be necessary to adapt them further to assestemand implications of general
public environmental opinion or to measure diredtle presence of research and
training facilities.

“The linkages sub-index’relies on two metrics: business managers’ opinafrnthe
overall quality of scientific research institutiowithin a country; and the availability
of venture capital for innovative but risky projecWith regard to this first question,
adaptation for the purposes of eco-innovation nremsent might involve asking
business managers their opinion on the qualitynefrenmental research institutions.
This would involve new survey data and it may alecessitate identifying relevant
environmentally oriented business managers in omebtain relevantly informed
survey data. The availability of venture capital fmnovative projects may be simply
changed to the availability of venture capital é@o-innovativebut risky projects. It
may prove difficult to differentiate between availdy for innovative or eco-
innovative projects. The resulting adapted indicateould then be as follows:

» Business managers’ opinion of the overall qualitgvironmental research

institutions;
» The availability of venture capital f@coinnovative but risky projects.

In the table below we present several metricstierrheasurement of eco-innovation.

These questions are largely based on the metramusied throughout this report
though they also include several original metrics.
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Table 3: List of proposed eco-innovation indicators

Indicator Data Source
The Firm

1 R&D expenditures for environmental STATCAN currently collects this
protection in industry. information

2 % of firms with EMAS or 1ISO14001 Numbers collettey German

Federal Environmental Agency

3 % of firms with environmental mission Would need to survey for this.
statements and/or officers

4 Managers opinion of eco-innovation Possibly faiusion in CIS
The Conditions

5 ‘Green Tax’ as a percentage of OECD data
government budget

6 Government expenditures on GBAORD data

environmental R&D as:
* % of total R&D expenditure

* % of GDP
7 Uptake of environmental subsidies for Government data
eco-innovative activity
8 Financial support for eco-innovation = OECD data
from public programmes
9 Demand for eco-innovative products. Measure dehuaing survey
techniques.
10 Environmental expenditure in National Science Foundation
college/university research collect this for US. EU source
unknown

11 Number of environmental graduates, EIS & IRCE report
MScs or PhDs

12 Waste management costs (landfill tariff Government data

etc)

13 Executive opinion on environmental For possible inclusion in CIS
regulation (Stringency and transparency).

14 Attitudes towards eco-innovation Eurobarometta d
The Linkages

15 Frequency of eco-innovation Web based searches

workshops/conferences and number of
people attending.

16 Value of “green funds” made available SRI fund service data
by financial institutions for innovating
companies.

17 Managers perception of overall quality dfor possible inclusion in the CIS
environmental research in scientific
institutions.

Radical/incremental innovation indicatc

18 Ratio of eco-start-ups to incumbents in Companies house data or European
the market business register.

19 Frequency of new entrants to the market. Conggamyuse data or European
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business register

20 Diversification activities of incumbents, EUROSTAT entry and exit data
investment in smaller operations outside
core business.

21 Seed and start-up venture capital for ecRCE report or interpretation of
innovative firms (investment per 1000 EVCA data.
GDP)

Overall performance indicators

22 Eco-patents in triadic patent families petJS EU and Japan Patent offices
million population

23 Material productivity of eco innovative IRCE report
firms (TMR per capita or GDP)

24 Share of eco-innovative firms as a CIS. May need to be reanalysed.
percentage of all firms (may need to
divide into manufacturing and services)

Notes on sources:

CIS: Community Innovation Statistics. Collected by EUROSTAT available from:
http://epp.eurostat.ec.europa.eu/portal/page? ¢=at)@90,30070682,1090 33076576& dad=portal&
schema=PORTAL

EIS: European Innovation Scoreboard.Collected by the European Commission available from
http://trendchart.cordis.lu/

Eurobarometer. Available from: http://www.gesis.org/en/data_seev@urobarometer/

EUROSTAT: EUROpean STATistics. Available from:
http://epp.eurostat.ec.europa.eu/portal/page?_¢=at)@d0,30070682,1090 33076576& dad=portal&
schema=PORTAL

EVCA: European Venture Capital Association.Available from:
http:/iwww.evca.com/html/home.asp

GBAORD: Government Budget Appropriations of Outlaysfor R&D. Collected by EUROSTAT
available from:

http://epp.eurostat.ec.europa.eu/portal/page? gatev3,46587259& dad=portal& schema=PORTA
L&p product code=KS-NS-06-017

IRCE: Impact of RTD on Competitiveness and Employmat. Available from:
http://cordis.europa.eu/era/benchmarking.ht

SRI: Socialy Responsible InvestmentAvailable from:http://www.eurosif.org/sri
STATCAN: STATistics CANada. Available from:http://www.statcan.ca/

The indicators presented Tiable3 have been designed or adapted through the
analysis of current innovation theory and indicatdir should, however, be
acknowledged thahis list is not proposed as a definitive set of @icators of eco-
innovative capacity. These metrics have all been chosen in part beczfube
practicality of collecting the relevant data. Thegnsed list of indicators was
discussed at the final meeting of the MEI and ECOIER(Measuring eco-
innovation: ecological and economic performance @arived indicators) projects
and some issues raised there are discussed below.

The first group inrable3 represents indicators on conditions relevanti§pally to
thefirm . Indicator 1 has been taken from the discussiolieea this chapter and is
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an adapted form of an indicator found in strandl# remaining three indicators of
this group are original proposals but all refeagpects of firm conditions that are
relevant to eco-innovation and are also reasoratalgtical with regards to their
collection. However, concerns were raised over idredr not EMAS or ISO 14001
(indicator 2) are accurate proxies for eco-innoxatendency, as the evidence for the
relation between environmental management systaoheeo-innovative activity is
mixed. Similarly, concerns were raised over indiceiB and 4, where the link
between eco-innovative activity and presence ofifenmental officer” or
“managers’ opinions” of eco-innovation could be sfiened. At best, these are likely
to be indicative of incremental eco-innovation wtitle firm, rather than radical eco-
innovation.

The indicators presented in the second group ateasi¢hat attempt to measure the
conditions of the general eco-innovation environment. Indic&tis adapted from a
strand 3 indicator and is further discussed ablmkcators 6, 8 and 11 are adapted
from indicators found in strand two, the adaptatibmhich is discussed earlier in
this chapter. Indicators 7, 9, 10 and 12 are ajimal metrics. Indicator 13 is an
adapted version of an indicator found in the exgeutpinion survey of the GCR.
This adaptation is discussed earlier in this chrapieally, indicator 14 is an
adaptation of indicators found in “Cultural Capitaf strand 6. Similar to the firm
oriented indicators, concerns were raised ovevahee of these metrics as eco-
innovation indicators. In particular, indicator fdies on a link between the
expenditure on environmental research in tertidycation and the science base
contribution to eco-innovation, which is not wedtablished. Further research is
needed to develop the evidence base for theseatodsc

The third group of indicators is classified as cadors of the state ¢ihkages

between entities involved in the eco-innovativeiemment. Indicator 15 is an
adaptation of an indicator presented in Hekkedl (2007), found in the chapter
“Function 3: Knowledge diffusion through network#idicator 16 here is an original
proposal. Metric 17 of this group is adapted frometric presented in “The linkages
subindex” of Porter and Stern (2001). Again, imtien to indicator 17, the validity of
an “executive opinion”, while of interest to thepito, may have no empirical
relationship to the question of linkages betweensitience base and the firm.

The fourth group of indicators attempts to measleeadical or incremental nature
of the innovative environment. These indicatorsehbeen chosen as they all attempt
to measure something about the size and thus mniotivaf the actors involved in the
market of concern. Of these indicators, 18 is agiral proposal, 19 and 20 have
been adapted from Hekkeat al (2007) paragraph 5.1 “Function 1: entrepreneurial
activities”, and 21 has been adapted from the SRashocument “Governance of
innovation systems” (Remga al2005). However, the motivation behind the
“diversification activities” referred to in indicat 20 may not be driven by a desire to
innovate. Questions also arise when consideringdise of recovering these data
from EUROSTAT enter and exit data. In addition, ithebility of all of the indicators
in this class to distinguish between innovation aod-innovation may pose questions
for their relevance. Again, further empirical resdais needed to establish clear
causal connections for the case of eco-innovatather than for innovation in
general.

52



The last group of indicators is concerned with meag theoverall performance of
an innovation environment. This group is of vitaportance when trying to compare
the success of any innovation fostering activitidee three indicators proposed here
are all adaptations of metrics proposed in thentéi@overnance of innovation
systems” (Remget al 2005).

It should be noted that the indicators presented &ee considered as complementary
to indicators currently collected on innovation siiered more generally. This can be
seen as a logical position given the broad dedinitf eco-innovation used in the MEI
project, which includes innovation with both intemial and unintentional
environmental benefits. Eco-innovation arising thgio both intentional and
unintentional means is likely to be affected byiafales relevant to both innovation
and eco-innovation. The indicators given here atdniended, therefore, to
supersede current innovation indicators and we@aladge the value of current
innovation indicators to the measurement of ecovative capacity.

Finally, the findings of this report regarding ttypes of indicators that could be
adapted and considered most relevant for the parpbsieasuring eco-innovation
have been found largely in line with similar wonk ecological and economic
performance indicators by the sister project ECOZRIIn the discussion during the
final workshop, it was acknowledged that the cosiclos of the two projects were
broadly in line with each other, with similar indiors being proposed and similar
limitations of the indicators being highlightedhnth projects.

Final remarks

Although the concepts used in each of the theopesidered can be presented as
broadly similar, they have given rise to indicatets with certain key differences.
Importantly the differences between the firm arelational focus discussed above
may prove significant to the outcomes of the MEj@ct. Although a national focus
indicator set may seem less adaptable to eco-inioovpurposes, such a step would
not necessarily be impossible or even unwise.

One significant criterion in the goal of establigpian eco-innovation indicator
system is that of finding an indicator set thatash comprehensive with regard to the
system analysis of innovation and generic and srmepbugh to be applied across
jurisdictions and for comparison between jurisdicti. Our appraisal of the various
indicator sets found both comprehensive and relgtisimple proposals for sets of
indicators.

With regard to the sensitivity of the consideredigator sets to radical or incremental
innovation, there might be an advantage in firnufsd indicator sets although they
might not be exclusively suitable. In addition, tieservation that there may be a
correlation between firm size and the radical/ineeatal nature of innovation (Foster
1986) could be a useful consideration for all iathe sets.

In the future, for the purposes of measuring ecmwation, it could be desirable to

further define some of the more complicated issm@snovation. Issues of this kind
might include defining organisational and marketimgovation for the purposes of
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eco-innovation or how to classify innovations threty have a neutral or negative net
environmental effect.

As noted, however, issues remain relating to tieejadcy of these proposed
indicators for measuring eco-innovation. Theresaeeral questions regarding the
accuracy of the metrics and specifically the usproky indicators where strong
empirical relationships have not yet been demotestrarhis needs to be considered
when referring to the indicator list presented able 1. These concerns arise as a
result of the desire to create indicators that Hasen adapted from innovation
systems indicators rather than created for theifspparpose of measuring eco-
innovation. Further theoretical work and empiriealidation specifically on eco-
innovation indicators is needed to meet the growiational and European policy
needs in this area.
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4. Benchmarks of environmental performance as an aicator of eco-
innovation

4.1 Benchmark projects

Environmental benchmarking is a modern evaluatemhnique aimed at comparing
the environmental performance of a company withbthst available practices or with
a predefined benchmark. The comparison is based nomber of qualitative and
guantitative environmental indicators of stratagiportance allowing the comparison
of several companies active in the same sector.

Benchmarking is also a framework within which iratmrs and best practices are
examined in order to determine areas where comparfgrmance can be improved.
Although most benchmarking initiatives concern fioal and management issues,
environmental benchmarking is becoming a major elgnmin the environmental

management of companies.

Below is a list of some sector/enterprise analys®s databases, collected by LEIA
for MEI. Some of them have been obtained from tbeudhent of Risg National
Laboratory “Background paper for the workshop oro-emovation indicators”
published on September 29 2005. This list has leempleted with other analyses
and databases compiled by LEIA researchers Jordguin& Lé&zaro, Igor Cano
Dorronsoro, Sandra Hernando Casas, David GrisalRddriguez, under the
supervision of Javier A. Garcia Sedano.

PERFORM/MEPI

PERFORM has been created at SPRU and builds omMEH project of JRC. It is
based on voluntary data by UK companies as wetlvaslable statistics providing a
comprehensive picture of the environmental perforceaof firms and a number of
industrial sectors. The project stopped last ykareeds to be considered whether the
UK PERFORM sectoral environmental database coutdine a model for providing
further data at the industrial sector level.

The aim of the PERFORM project was to benchmark iamgrove sustainability
performance in industry. While the benchmarkingvieer is no longer operational,
you can still access results and background infoamaon this website:
http://www.sustainability-performance.org/

The analysis covers the following industrial sest@ggregates, aluminium, cement,
ceramics, electricity, glass, motor vehicles, pamdaster, plastics, printing, steel,
timber, and water.

COMPASS
The COMPAnies' and Sectors' path to SustainablilM@®MPASS) 9 project, carried
out by the Wuppertal Institute, enables decisiokena at the company and sector

level to provide transparent information to extérrstakeholders about their
performance and to obtain an internal informati@si® on economic, social and
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environmental aspects for evaluating and continlyousiproving sustainability
performance. The main objectives of COMPASS are to:

- Help companies/sectors to translate the broad gbrmfesustainability into
specific and measurable targets and indicatorsubgefday-to-day business
decisions;

- Pro-actively involve internal and external stakeleos in order to bring in new
knowledge to the company and sector level assoomtiand access to hew
perspective on innovation.

- Enable decision-makers to optimize processes, ptedwand services
throughout the entire value chain, considering eoan, ecological and social
aspects (Kuhndt and Liedtke 1999; Kuhndt et. 80220

A sector level application of COMPASS was carriett on behalf of the GDA
(Gesamtverband der Aluminiumindustrie) and the Raam Aluminium Association
(EAA). This project aimed to define sustainabilissues in the aluminium sector
within the context of the European and the inteomat debate. It developed core
sustainability indicators for the European Alummiundustry (EAI) and measured
the innovation capacity in the sector (Kuhndt,|gt2002).

EPER

It needs to be considered how the EPER databasswironmental performance of

industry could be utilized as a data source forianovation/eco-efficiency analysis

particular at the industry level. Overall: usingefficiency analysis as a proxy for

eco-innovative activity entails not a redefinitibat a reinterpretation and use of the
eco-efficiency term seen in relation to how theaapt is normally understood and
used. Still, despite some data problems there asotlyh methodological work to

build on.

ENVIROWISE

Envirowise offers UK businesses free, independemtfidential advice and support
on practical ways to increase profits, minimise aand reduce environmental
impact. Envirowise delivers a valuable governmemided programme of free,
confidential advice to UK businesses. This asst&amnables companies to increase
profitability and reduce environmental impact.

The Envirowise programme is available to any UKihess, completely free of
charge. This programme is managed on behalf of W¢e@ment (BERR and
DEFRA) by Momenta, an operating division of AEA Teology plc, and
Technology Transfer and Innovation Ltd (TTI), a Wir@wned subsidiary of Serco
Limited.

EHSBA Environmental Health & Safety Benchmarking Association

The Environmental, Health & Safety Benchmarking dsation is forming an

association of environmental, health and safety agars to identify best business
practices and compare operating performance. EHSBfart of The Benchmarking
Network, Inc.. The Benchmarking Network, Inc. is smernational resource for
business process research and metrics. TBN leatlestwith over 3,000 process
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leaders in over 25 countries. They provide benckingrtraining and research to
individual companies, professional and trade assiocis, and industry and process
based groups. Since 1992, over 300 benchmarkimfiestinave spanned virtually all

processes and industries, to identify measures catiect data to identify best

practices.

Citizens’ Network Benchmarking Initiative

The project is run by ELTIS, the European LocalnBgort Information Service. It is
a benchmarking initiative for public authorities ithe area of transport, and
encompasses performance benchmarking as well asngdrom best practice. The
pilot project was started in 1998 with 15 citiesl aagions.

Benchmarking of the Oresund region

This project was initiated in 1999 by the Oresundmiittee and its member

organisations. The objective is to estimate wheee@resund region stands in terms
of environmental issues, compared to other metitrohareas in Europe; however,
the aspect of exchange of experiences and buildfyartnerships is also important.

The plan was to finish the project in 2001.

IKON — Index of local sustainability

IkoN — Index fir kommunale Nachhaltigkeit. Thisaa index used for rating cities
and towns around Hanover. The index is based @t afsndicators, collected in the
framework of Korena, which stands for “Local andiomal sustainability inventory”.

It is a project developed by the Cities and Towres-dF the EXPO region, local and
regional NGOs and the Ecologic Institute. The guas$ to develop tools, which could
help communities to monitor whether or not they ame the way towards

sustainability.

The Italian Urban Ecosystem Report

The “Ecosistema Urbano” is a ranking of 102 Italieities based on scores for
different indicator sets. Produced by Legambiemesooperation with the Istituto di

Ricerche Ambiente lItalia, it has existed since 1984 full ecosystem report for the
year 2000 (in Italian) can be downloaded on therh#t (see below)

Regional benchmarking — The four motors of Europe

This benchmarking project was conducted in 1991wWRR the goal of benchmarking
the European regions of Baden-Wiurttemberg in GeymBMmene-Alpes in France,
Lombardia in Italy and Catalonia in Spain. Whilesg@ort has been produced about it,
there have been no follow-up activities since thiligation of the report.

SHEIIBA

SHEIIBA (Safety, Health and Environment Intra IntyBenchmarking Association)

is operated by the UK-based Corporate Benchmarldsgociation and offers

different tools for exchange of best practices aachparison of performance in the
area of safety, health and environment. Membersnaxstly corporations; however, it
is also open to local authorities.

ecoBUDGET

ecoBUDGET has been developed by the European &datedf the International
Council for Local Environmental Initiatives (ICLEDIt is a tool controlling
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governments’ sustainable consumption of naturaluees and environmental goals,
adapted from the world of financial budgeting. Ppoojects have been carried out in
several German cities since 1996.

ENVIRO-MARK

The Enviro-Mark was launched in 1998/99 by the W&dd BEA (Business
Environment Association), now maintained by Enwark Systems Ltd. It is a five-
stage accreditation process enabling companiegrnwudstrate their performance at
any level from legal compliance to the requiremeftsSO 14001. The aim is to offer
practical support in overcoming environmental peois and highly focused training
to sustain improved performance.

EEBN (European Environmental Benchmarking Network)

The EEBN was established in 1999 by the Europeanmnission, and implemented
by the Fondazione Eni Enrico Mattei (Italy) and estlpartners. The EEBN aims at
building a network of interested parties — partaelyl firms and associations — on
environmental benchmarking. The general objectivéhe EEBN is to stimulate the
use of benchmarking techniques to the environmengalagement domain.

CONTOUR environment, health and safety benchmarking

CONTOUR was launched in 1997, based on researeh®B| cross-sector working
group of EHS directors. It is a self-assessmenstipenaire that allows organisations
to measure their EHS performance against othersovders management systems,
health and safety, pollution control and waste rgan@ent, product life cycle,
transport, stakeholders, and organisation and reulflihe result shows where an
organisation stands against its industry sectorl&fdother participating companies,
concerning the dimensions environmental performamckpractice.

METREX practice benchmark

METREX is the Network of European Metropolitan Rets and Areas. The focus of
Metrex is in the area of spatial planning and iitmed at setting benchmarks rather
doing actual benchmarking exercises. The interiido present current metropolitan
planning practice with regard to competence, cdipaand process. The Metrex
practice benchmark is currently being piloted as laterreg project within the
northwest metropolitan area involving six Metrexmimrs and associates: Glasgow
and the Clyde Valley, Bradford, Lille, Dublin, Beeds and Rotterdam.

THE GERMAINE PROJECT

THE GERMAINE PROJECT,Environmental performance indicators in public
administrations.

The GERMAINE project’s acronym stands for Gestioesponsable et Matrise des
Indicateurs Environnementaux: responsible managentiemugh Environmental
Performance Indicators. The goal of GERMAINE iglistribute environmental best-
practice cases and to raise the awareness for nostasdards and tools for
environmental management in public entities andsérgices sector.

The project is implemented by the Belgian Fedenatd Companies, the Belgium
Association for Eco-Counsellors (ABECE) and the -Bmunsellor Institute in

Namur, from April 2000 till end of 2001. It was &éncially supported by the Belgian
Federal Office for Scientific, Technical and CudtuAffairs.
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ESBN — European SMEs Benchmarking Network

The SME-Network is a European-wide network amongdBenarking Centres to
foster benchmarking and promote best practice sipagispecially for SMEs. Through
its affiliates, it aims to provide a European natwthat promotes benchmarking,
enhances communications among affiliates, offepexsupport, information, ethical
expectations, and demonstrates significant busibesgfits through the pursuit of
benchmarking.

4.2 Environmental performance indices

There exist several composite indicators for emwitental performance, based on
indicator categories some of which are relevargdo-innovation and environmental
technologies.

Here we will sketch the main features of some casiipoindicators, whose sub-
indicators could be interesting. Most of them amdraeted from the paper by
Michaela Saisana’s for the EEA Workshop of Septan#t# 2005, and completed
with other ecoinnovation initiatives searched kg thorking group.

Environmental Sustainability Index

The Environmental Sustainability Index (Esty et.2005) is published by Yale and
Columbia Universities, in collaboration with the YMb Economic Forum and the

JRC. It benchmarks the ability of 146 nations tot@ct the environment over the next
several decades. It does so by integrating 76 skti® — tracking natural resource
endowments, past and present pollution levels,renmiental management efforts,
and the capacity of a society to improve its envimental performance — into 21
indicators of environmental sustainability. Thesdi¢cators permit comparison across
a range of issues that fall into the following fiv@ad categories:

- Environmental Systems

- Reducing Environmental Stresses

- Reducing Human Vulnerability to Environmental Stes

- Societal and Institutional Capacity to Respond taviEbnmental
Challenges

- Global Stewardship.

The indicators and variables on which they are wootd build on the well-

established “Pressure-State-Response” environmegmtéity model. The issues
incorporated and variables used were chosen thrauglextensive review of the
environmental literature, assessment of availabka,digorous analysis, and broad-
based consultation with policymakers, scientigtsl, iadicator experts.

Ecosystem Wellbeing index

The Ecosystem Wellbeing index (Prescott-Allen, 206dmbines 51 indicators of
land, biodiversity, water quality and supply, auatjty and global atmosphere, and
energy and resource use pressures into an index.
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Eco-Indicator 99

Eco-Indicator 99 (Goedkoop and Spriensma, 20013 idamage oriented impact
assessment method for materials and processesh vaddresses three damage
categories: (a) human health, (b) ecosystem quaiity (c) resources, minerals and
fossil fuels. The indicators are normalized usimgfahces from European reference
values, which are used as goalposts.

Environmental Performance Index for Rich Nations

The Environmental Performance Index for Rich NaigRoodman, 2004) is a sub-
component of the Commitment to Development Index.isl based on three
components: depletion of shared commons (climatngd, ozone depletion, and
marine fisheries), international governmental coapen (participation in multilateral

environmental institutions, and contributions telsinstitutions), and contributions to
international efforts to develop new energy techgi@s (renewable energy R&D, and
deployment of renewable technologies). It cover©ELD nations.

Environmental Policy Performance Index

The Environmental Policy Performance IndéXdriaanse A., 1993) groups 42
indicators with a view to monitor the trend in tioéal environmental pressure in the
Netherlands and indicate whether the environmemtdity is heading in the right

direction or not. The indicators are normalizechgssustainability levels and policy
targets as goalposts.

Index of Environmental Friendliness
The Index of Environmental Friendliness (Puolamaale 1996) aims to provide
diversified quantified information for environmehtiecision-making and discussion
in Finland. Eleven indicators are included meagurin

- The greenhouse effect

- Ozone depletion

- Acidification of soil and water

- Eutrophication

- Ecotoxicological effect

- Resource depletion

- Photo-oxidation

- Biodiversity

- Radiation

- Noise

The indicators are normalized using national tptaksures as goalposts.
For innovation the following composite indicatorglandicator sources exist.

Innovation Capacity Index
The Innovation Capacity Index (Porter and SternQ3Ocreates a quantitative
benchmark of national innovative capacity, whichghhtghts the resource
commitments and policy choices that most affecowative output in the long run. It
is composed of five subindexes. The five subindexes

- Science and engineering manpower subindex

- Innovation policy subindex

- Cluster innovation environment subindex
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- Innovation linkages subindex
- Company innovation orientation subindex

There are other relevant initiatives and prograhad tould help us in ecoindicator
definition. Some of them are:

WBCSD

The World Business Council for Sustainable Develeptris a global association of
some 200 companies dealing exclusively with busirsesl sustainable development.
The Council provides a platform for companies tplese sustainable development,
share knowledge, experiences and best practicdstoaadvocate business positions
on these issues in a variety of forums, workinghvgovernments, non-governmental
and intergovernmental organizations.

ISO

The International Standards Organization’s Inteamai Standard on Environmental
Evaluation performance (ISO 14031). In fact, IS3% is recommended in the
framework to be used as the primary approach féeceg sector or company
specific environmental influence indicators.

CERES and GRI

The Coalition for Environmentally Responsible Ecomes (CERES) with the Global
Reporting Initiative (GRI). GRI focuses on developia common harmonized format
for corporate sustainability reporting. The facittthe GRI reporting guidelines and
the WBCSD (World Business Council for Sustainab&/&opment) framework were
developed in the same period and partly with thgpeut of the same companies, led
to a high level of fruitful interaction, cross —tiézation and adaptation.

NRTEE

The Canadian National Round Table on the envirotraed the Economy (NRTEE)
has conduced pilot studies on how to measure efficiency in business, specially
with respect to the use of energy and materiale fitdings of the NRTEE pilot
studies have been taken into consideration in deusj the WBCSD framework.

VERITE

VERITE (Virtual Environment for Innovation ManagenieTechnologies) is a trans-
regional network for the diffusion of Innovation K&gement Technologies (IMTSs).
The network includes universities, technology imtediary organizations and
regional authorities from 13 different EU countr{esany of them have implemented
RIS/RITTS projects) as well as 5 Newly Associatedrdries. The main concept is to
serve communication between regions in the aredMifs. The network will
concentrate on the IMTs, which could be better enmnted with online
interaction/cooperation between the partners. Toggt includes a general workshop
on IMTs and four thematic workshops.

The project also includes the development of a teeted portal for IMT providers.
The virtual IMT applications will enhance the wonkgs and continue through the
project on an Internet based discussion grenpw.e-innovation.org
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4.3 Developing a benchmark indicator for eco-innovi#gon

We will now describe a benchmark indicator for @moevation developed by LEIA.

The benchmark indicator is still to be field testa we cannot present empirical
results yet. The indicator combines two types alidators which traditionally have

not been combined: innovation indicators and emwirental indicators.

FIRST FACTOR: INNOVATION

For innovation the following indicators are used:

Input indicators:

Input indicators are those related to the resourszessary to develop innovative
activities. The following have been chosen:
1. Total investment in R&D+i: percentage of the tatadlovation expenditure, in

national currency and current prices, including thik range of innovation
activities: in-house R&D+i, extramural R&D+i, madery and equipment
linked to product and process innovation, spendm@cquire patents and
licenses, manufacturer design, training, and thetimg of innovations.
Number of R&D+i projects achieved. Total numbeR&D+i projects related
to a process, product service or activity which eaeried out for a given
interval of time.
Training expenses: total training expenses or &ffoelated to innovative
processes, products, services or activities expdeissnational currency or in
hours per employee for a given interval of time.

a. Percentage of the training expenses comparing wiéh total

expenses.

b. Number of training hours inverted by employee.
Personnel of R&D+i: researchers + auxiliary perenNumber of employees
involved at least 50% of total working time in R&Dprocesses for a given
period of time. This amount includes researchedsaaxiliary personnel.

Output indicators:

The output indicators are used to control the @s/related to the innovative results
produced.

1.

Intellectual property. Number of patents developedthe product, service,
process or activity considered for a given intervfitime. This is a way to
measure the intellectual production of new innavaiand ideas.

New processes: number of new processes involviagniplementation of a
new or significantly improved production or deliyanethod.

New products / services: number of new producteises involving the

introduction of a new good or service that is newsabstantially improved.
This might include improvements in functional cleesistics, technical
abilities, ease of use, or any other dimension.

Sales due to the innovation: % of the sales duertovations achieved. This
percentage related directly to the innovation gateer for a product, service,
process or activity is obtained by comparing thiesdefore and after the
innovation, expressed in national currency.
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5.

Innovation expenditures (% of turnover): this iratar is itself a ratio. It can
be described as the total sum of innovation expereliin national currency
and current prices (Innovation expenditures inctudbe full range of
innovation activities: in-house R&D+i, extramurakB+i, machinery and
equipment linked to product and process innovatspending to acquire
patents and licenses, manufacturer design, trairamgl the marketing of
innovations.), divided by the turnover, in nationatrency and current prices.

Financial value indicators

The volume of investments in technological ventcagital: this indicator is
also a ratio. It can be understood as the total s@iminvestments in
technological venture capital, in national currendiyided by the net benefit
obtained from a product, process, service or dgtivi

Organizational innovation indicators:

©CoNoOOhWNE

Is there an environmental certification such as 12001?Yes/No
Internal environmental audits? Yes/No

External environmental audits? Yes/No

Written environmental policy? Yes/No

Public environmental report? Yes/No

Environmental performance indicators/goals? Yes/No
Environmental training programme for employees?/Mes

Benchmark environmental performance? Yes/No

Environmental criteria used to evaluate/compensaiployees? Yes/No

SECOND FACTOR: ECO-EFFICIENCY

This factor should represent the variation in effiziency performance for a certain
period of time, expressed as a number between Q.aimdthis analysis, the following
indicators in EE are considered:

Each

Energy consumption
Water consumption
Consumption of materials
ODS emissions

GHG emissions
Acidifying emissions
Total waste generated

of these factors has to be separately cadcllasing as denominator the

functional unit associated with every product, gss; service or action.

This factor is used to analyze a process, produsgkvice in comparison with:

— An existing process, product or service previousignmercialized;
— An existing process, product or service with futalternatives.

So, the difference between the initial situatiod &ime final one, has to be expressed

as a

percentage of the initial status. Only in th&y it is possible to combine the
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results of each analysis in units that can be wifie (MJ for the energetic
consumption, m3 for the water consumption, kg ofssians to the air ...)

Example: in the case of energy consumption, the Eco-Efficyefactor (EE) is
calculated as follows:

It is calculated for functional units. The use ohétional units (FU) is essential since
the EE of a process will depend to a great extarnthe considered FU. When using
the same FU during the process (which means the simominator for the status
before and after) just the net energy consumptiolh lve indicative of eco -
efficiency. ThedE must be understood as the value that expresseatthof variation
of eco - efficiency performance. This rate can lsitpve if the product, process,
service or action is efficient. Values of 0 or nidggaare indicative of inefficiency.

All these individual indicators can be better urstieod if they are represented in a
graph as it follows:

Figure 10: Eco-efficiency performance indicators

Eco-efficiency performance

Energy consumption
10
Total waste (waste output) 7 W ater consumption
50
5
Total waste (mass balance) 0 Material consumption
Acidificant emissions GHG emissions

ODS emissions

The bigger the polygon area, the better the edoieficy performance.

There are two possibilities for combining the 7iundual components in a summary
statistic for eco-efficiency.
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The first approach is based on the combination atheindividual factor as
percentages in a simple average. Considering all pbssible factors of eco —
efficiency that could be used, the seven which hiaeen chosen in the study are
critical and therefore they have to be positiveasaely. In order to consider a
process eco-efficient, it is necessary that all filagtors involved are equal to or
greater than zero, with at least one of them pasitThe most favourable result is
given when all the seven indicators are positivagitally the final performance will
depend on the quantity of improvement for eachviddial indicator. The result will
always be positive and bigger than 0. The bigger dlaerall value, the better the
performance. The worst situation is related to @alciose to O.

E >0
AW =0
M =0
{ZanJ JGHG =0
EE =

- JODS 20
OACID 20
OTW 20
SF 20

The second option, more complex, includes theseithehl factors expressed in
percentages, respecting the sign in a weightedgeer

(O F AW,
SW.

EE =

Where\/\/  is the weight assigned to each factor of individea-efficiency.

The final result will be expressed as a rate betw@eand 1. In this way, and
considering the sign, the result will range in thterval [<0,1]. From this interval
those negative results betweew,p] will indicate absence of eco — efficiency, with
the values close to 0 being the most benevolerg. @dsitive results between [0,1]
will indicate eco-efficient activities. The clostr 1 the better the performance. (A
hypothetical value of 1 would mean a total perfanoeg an improvement of 100 % in
all the processes involved. This is an unachievaiteation but it will remain
included in the formulation.)

MEASURING ECO-INNOVATION IMPACT

Multiplying the indicator of eco - innovation byegmumber of functional units sold
will give an idea of the final impact of the actigmoduct or process developed.

Eco-innovation indicator $Innovationfactor) x (Eco- Efficiencyfactor) =
(Indicator result) x (number of functional unitddjo
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ECO-INNOVATION SURVEY FOR USE IN SMEs

It is hard to obtain all the information for eveaxympany. For SMEs the following
guestionnaire may be used, for which the data remeénts appear manageable.

10.
11.

12.
13.
14.
15.
16.

17.

Mention any R&D+i plans existing in your firm.

Analyze the aspects related to environmentahinelogies of the previous planning

period. Indicate if in that planning some R&D+i sffie actions were included in the

following areas: work against the climatic changgjcient management of the water,
energetic efficiency, renewable energies, efficisr@nagement of the transport, clean
transport, urban sustainability, sustainable coctitsn, productive clean processes,
substitution of raw materials, recycling and regdtion of by-products, etc.

Indicate if there are any R&D+i private fundidipes related with environmental
technologies and describe them.

Indicate if there are any R&D+i public fundingnds related with environmental
technologies and describe them.

Indicate if there are databases, expert systenesvironmental improvement checking
systems, on materials, products and clean techiesloglention them.

Indicate if programmes or specific lines ofriiag exist related to technologies and clean
processes, both for the researchers and auxilemsopnel. Mention them.

Indicate if any innovation indicatos relatedtéchnologies and clean processes are used
or not.

Indicate the web pages or links in those whieiepossible to search for references to the
aspects indicated previously.

Indicate if any advice service related to inrimrarelated to clean technologies and clean
processes exists and is used by your firm. Merition

Indicate the number of environmental suggestidaveloped by the personnel of the
company.

Indicate the number of employees who are taliag in environmental innovative
programs. (Suggestions, good practices...)

Is there an environmental certification suchS£3 140017 Yes/No
Internal environmental audits? Yes/No

External environmental audits? Yes/No

Indicate if there is any written environmengalicy. Yes/No
Indicate if there is any public environmenggart. Yes/No

Indicate if your company has any environmepgéaiformance goals. Yes/No
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18. Indicate if there is any benchmarking studyatedl to environmental performance.
Yes/No

19. Do you use any environmental criteria to ev@icampensate employees? Yes/No

This survey is currently being field tested. Frestults can be found in the LEIA
report for MEI.
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5. Data needs for economic models incorporating egonovation
5.1 Introduction

Economic models are used to determine the effectsneironmental and energy
policies. In MEI we surveyed what data are useddanomic models with technical
change that protects the environment. Originalihtécal change was incorporated as
an autonomous parameter. Recently, efforts to eendng technological change have
been a major subject for economists. With regarde¢onomic climate change
modelling, this approach opens new perspectiveshéordling prospective issues
concerning mitigation policies and emission reduwi The availability of
corresponding data is a difficulty for the calilwat and estimation of certain
parameters in economic models.

In their report for MEI, ZEW researchers Renningsl &oigt survey the models of
the economy-environment—-energy relationship (E3 efg)das part of a wider
discussion of models of endogenous technical chéBg€E). The relevant models fall
into two categories: bottom-up models and top-dowodels (a third category is
hybrid models). Bottom-up approaches commonly usrgy systems (ES) as their
standard modelling tool, presenting a highly diseggted view of the economy. ES
provide a detailed description of technologies am&d in each considered sector.
Within this spectrum, technological progress isnharepresented through learning-
by-doing (LBD). Due to the specificity of ES modelthey are well-suited to
incorporate LBD since learning typically refersgarticular technologies (see Pizer
and Popp (2007) for more details). That is why LBDless applicable in more
aggregated approaches. In contrast, the poor bidyaof specific data for
investment in R&D makes this element of ETC lesprapriate for disaggregated
models.

Top-down models treat energy systems in an extieraggregated manner. They
focus particularly on the examination of the enti@nomy, thus offering a rather
macroeconomic view, incorporating continuous, stgaiduction functions where
possibilities of substitution are represented bigssitution elasticities, cf. Loschel
(2002). Technological development is included tigfothe relationship of inputs and
outputs and their relative prices. Here, TC is ep4diy-step procedure emerging
through changes in the relative prices of diffeteshnologies. In this regard, the TC
representation in the top-down analysis correspondse closely to reality than the
radical change in bottom-up models, since convaatidechnologies are replaced
gradually. That is why top-down models are quadifitor analyzing long-term

innovation. An additional advantage of top-down mlbdg certainly is the

opportunity to represent feedback effects betwelstindt markets, e.g. through
changes in the price system. In contrast, thiscagmtr fails to integrate assumptions
on the prospective development of different techgisls and costS. The most

widely applied model is the Computable General Hauim (CGE) model. CGE

models involve market interactions between housishahd firms. Household utility

and production possibilities are usually represeriig nested constant elasticity of
substitution (CES) functions (see Loéschel (200Zpndogenous technological

™ For more details on the subject of top-down mauglicf. Léschel (2002) and Boéhringer and
Rutherford (2006).
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progress is typically incorporated in these modbkfsugh investment in R&D and

spillovers. A number of CGE models divide the eagaganto several sectors, causing
special empirical challenges, as Pizer and Pop@7(2find. In those kinds of models
the knowledge stock of each single sector is reguiihis is a difficult task since

corresponding specific data on the meso- and méevel are harder to obtain than
aggregate data.

5.2 Data use in ETC-models

No single data source is able to fully cover aljueements needed. Bottom-up
models usually call for a lot more differentiateatalthan top-down approaches. CGE
models often distinguish only fossil and non-foésédls or energy-intensive and non-
energy-intensive sectors, respectively. In contrast noted, bottom-up approaches
frequently use Energy System (ES) models whictedsffitiate between several kinds
of energy, such as nuclear power, solar PV, cadmargy, etc. This necessitates the
use of detailed data.

A wide range of the literature concerning ETC fawouyatents as measure of
innovative activities (see Popp (2001, 2002)). irteition behind this is the creation
of new knowledge inherent in a successful patepliegtion. Since they contain

detailed information on the technology, assigniatepts to a particular research field
is relatively uncomplicated though possibly tedio&eliable data are offered by
national and international patent offices, e.g. JBOGPTO and EPO, and the OECD
Triadic Patent Family Database. There are certafficdties when measuring

innovative efforts by the number of patent applaad, described in section 2.2.
Instead of patents, R&D statistics may be used.

Many models use a knowledge stock variable to mddehnological learning
Goulder and Schneider (1999) establish a CGE fraretbased on the accumulation
of knowledge capital through R&D expenditures a® thriving element of
technological progress. In their model they distisg conventional and alternative
sources of energy. In addition, a market for intlrate goods is introduced in which
products are manufactured by using either carbtamgive or non-carbon-intensive
materials. The data required for simulation runshe$é model stem from the US.
Information on inter-industry flows as reportedthre Survey of Current Business
(April 1994) published by the US Department of Coence. Data concerning
alternative energy was provided by Pacific Northwlesboratories. Unfortunately,
the authors did not obtain precise data relatindR&D expenditures since their
principal aim is to gain qualitative insights abdhbis feature. A rather qualitative
view is also presented by Goulder and Mathai (200®ey model technological
progress primarily via investment in R&D and teclugical learning. As in the
previous case the authors do not use empiricalrimdton on these sources of TC.
The only criterion where databases are explicidyned is for CQ@ emissions data
made available by the Intergovernmental Panel amaié Change (IPCC). R&DICE,
an integrated assessment model (IAM) including &G@mework of the economy,
was developed in Nordhaus (2002). R&DICE is foundadhe Dynamic Integrated
model of Climate and the Economy (DICE), introdudsdNordhaus (1994). It is a
global approach without a detailed distinction péific energy sectors. Endogenous
technological progress is represented by meansneéstments in R&D. The
calibration is again based on the US economy wéta drom the National Science
Foundation (NSF) and the Bureau of Economic Analf§iEA). The NSF offers
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detailed R&D expenditure data for the United Stdtesthe time period since 1991,
structured by different industry branches and eswpiicitly exposing energy R&D.
The BEA data on R&D expenditures are not as diffeaged as those from the NSF,
but they cover the period since 1959, thus progdilatively large samples on the
macro-level. An econometric panel data study byeJahd Palmer (1996) examines
the dependencies of R&D expenditures on differantdrs. Their sector-specific data
regarding R&D are rooted in the Standard Indust@issification of all Economic
Activities (SIC) and stem from an NSF survey aslwel

Another global model is ENTICE-BR, used by PoppO@0 which is a modified
version of ENTICE (for ENdogenous Technological @de), for which see Popp
(2004). It is rooted in DICE, but unlike in DICE,hieh assumes exogenous TC,
technological progress in ENTICE-BR is modelled inaestment in R&D. Fossil
fuels, a carbon-free backstop technology and a ladige stock of energy efficiency
are significant components of ENTICE-BR. Popp eatas energy R&D expenditures
for the world by taking the corresponding perceataglue of the US and transmitting
it to the whole world. Unfortunately, he does natme the exact data source for those
values.

Otto et al. (2006) establish a CGE model that ietua relatively detailed description
of different industrial sectors, distinguishing particular carbon-intensive and non-
carbon-intensive industries and electricity genematHere, the driving element of
endogenous technical growth is again knowledgeta@lapvhich is accumulated by
expenditures on R&D and on education and investsent information and
communication infrastructure. Drawing on investmeata for knowledge capital
from the Netherlands, the authors apply their mddethe Dutch economy. The
necessary information is obtained by the officialional statistics of the Netherlands
(Nationale Rekeningen). Data on fossil fuel inpats accessible on the GTAP-EG
database. A macroeconometric approach incorporasegtoral and regional
specification is presented in E3MG (energy-envirentreconomy model of the
globe) - see Barker et al. (2006). This model wagetbped by the Tyndall Centre at
the University of East Anglia and is based on E3Mtich is a similar approach for
the European Union, cf. Barker and Kohler (1998gchnological progress is
embodied through investments in R&D in the secterargy demand equations and,
using a bottom-up representation, through learningves referring to regional
investments in energy-generating technologies. @htabase created for E3MG
includes information by OECD, IEA, GTAP, RIVM (thgutch National Institute for
Public Health and the Environment) as well as tt@l#Bank and the IMF.

Energy systems are a standard tool of bottom-upettnd approaches. They are
commonly based on technology learning as the safrtechnical change. A familiar
example of ES models is MESSAGE, see Messner (19&7¢h was developed at
the International Institute for Applied System Aymé (IIASA). In MESSAGE, the
knowledge gained through the learning process issored via the cumulative
installed capacity, i.e. specific investment cdstselectricity generation are required.
The relevant data can be found in CO2DB, a databB€€©, mitigation technologies,
administered by the IIASA. McDonald and Schrattdnéio (2001) collected and
estimated learning rates for several energy-relateldstrial branches yielding an
extensive gathering of these LBD parameters. Thesults are based on various
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sources, e.g. IEA (2000), Joskow and Rose (1988) Kauvaritakis et al. (2000).
Table 2 in the Appendix summarizes the data sowt#ee presented models.

Table 3 gives an overview of the data sources waretused in the models presented.

We consider the elements driving TC in each moded, aif available, the
corresponding data basis.

Table 3: Data sources of models

Model TC driver Data basis

Goulder and R&D investment Survey of Current Business by US

Schneider (1999) Department of Commerce; Pacific
Northwest Laboratories

Goulder and Mathai R&D investment; Intergovernmental Panel on Climate

(2000) Learning-by-doing  Change (data on G@missions)

R&DICE R&D investment NSF; BEA

Jaffe and Palmer R&D investment NSF

(1996)

ENTICE-BR R&D investment no information

Otto et al. (2006) Knowledge capital Official National Statistics of the

(investment in R&D, Netherlands; GTAP-EG database
education and ICT) (fossil fuel inputs)
E3MG R&D investment; OECD; IEA; GTAP; RIVM (Dutch
Learning-by-doing  National Institute for Public Health
and the Environment); World Bank;
IMF
MESSAGE Learning-by-doing CO2DB by IIASA

Source: Rennings and Voigt (2008) Deliverable fatINroject

5.3 Available Data

After having examined what data sources are appiied range of analytical and
econometric models, we shall now look at additiatethbases which have not been
mentioned so far but which could be of use. Manglyses rely on information
provided by the OECD and the IEA. Yet there exi&tgher material by these
institutions, especially when we consider R&D otezh data. The IEA offers
information on RD&D (research, development and dgplent) expenditures. This
database includes governmental investments in gmelgted RD&D for all OECD
countries. The data are very detailed, divided seweral sectors: energy efficiency,
fossil fuels, renewable energy sources, nucleaiofisand fusion, hydrogen and fuel
cells and other power and storage technologies @b ag subdivisions of these
sectors. For many countries, the former Westertesta particular, information is
provided since the early or mid 1970s. One probt®mcerning this database is that
only public expenditures on RD&D are covered, dely the macro- and meso-levels
are well described and private investments are ecégdl in this data source.
Furthermore, none of the models considered in plaiger apply these data in their
computations. Another R&D data source by the OEGDANBERD (Analytical
Business Enterprise Research and Development). fgert involves industry-
specific information based on the ISIC nomenclaforethe period since 1987, thus
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offering private R&D expenditure data at the legélindustrial sector®’ However,
there is no direct separation into general, eneetpted and environmental
innovations.

The Statistical Office of the European Communitisrostat, is one more possible
source of data on R&D expenditures. This institujiwovides general information for
the EU countries, like gross expenditures on R&ERB), as well as business
enterprise R&D expenditures (BERD), hence includimgcro- and meso-level
statistics. Industry-specific data are based ong#meeral nomenclature of economic
activities (NACE). Aggregate GERD and BERD inforioat is quite extensive,
covering time periods since the beginning of the9k® On the other hand,
disaggregated data on the basis of NACE sectorss@teincomplete and differ
broadly from country to country. Portugal, for @uste, provides rather detailed data
whereas large countries, e.g. Germany, Franceaty, llack thorough information.
Moreover, many industrial sectors keep their R&Dvestments confidential.
Nonetheless, there are clear improvements in EattesR&D databases since the
beginning of this century. In addition, for sometses, e.g. mining, manufacturing or
energy and water supply, Eurostat provides experaditon environmental protection.
On the EU level the data on that subject are availtor the time frame since the mid
1990s. Since 2001 relatively specific informatioancalso be obtained for some
countries, in particular Germany, the Netherlafistugal, Slovenia, France and the
United Kingdom. Those data could help us to idgnéhvironmental innovations.
Eurostat even provides information on investmems pollution control and
expenditures linked to cleaner technologies. Tlesgects can clearly be assigned to
environmental innovations. Another feature of Etabss the Community Innovation
Survey (CIS). In this survey companies are polléua their expenditures on
innovations and the purposes of these investmdintaight be possible to expose
energy-related and environmental innovative effbdsed on the aims stated by the
enterprises. However, data from Eurostat have wrpéreenced wide application in
analyses as yet.

An additional promising database is currently beastpblished by the EU KLEMS
project. This database intends to provide measomegarious economic indicators,
e.g. growth, productivity, capital formation anaheological change, to name just a
few. These data aim at capturing productivity cbutions of capital, labour, energy,
materials and services for all member countriethefEU-25 for the time period since
1970. In particular, Work Package 9, “TechnicaldPess and Innovation”, is of great
importance. The principal objectives of this wodcgage include the provisioning of
guantitative inputs for the database, the developmaf measures for R&D
expenditures in order to create R&D or knowledgaitehindicators, and the relation
between productivity growth and R&D efforts, amarthers. R&D data are mostly
obtained by mentioned sources, mainly ANBERD antional statistics as well as
CIS. Although this information is available by nothjis will be a significant data
compendium covering many relevant subjects rel&degrowth accounting. Central
issues of this work package deal, for instanceh wite composition of R&D,
globalization of R&D efforts, surveys concerning thtructure and organization of
R&D in firms, or the effect of domestic innovatiolisThe final publication of the EU

12 R&D data are available since 1987 for most Europ@&CD countries. The Czech Republic and
Poland provide data since 1992 and 1994, respéctive
13 For more detailed information concerning this wpsckage, cf. http://www.euklems.net.
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KLEMS database can be expected by early 2008. Athemost recent version from
March 2007 involves various information on all EB-@untries as well as Japan and
the United States. In order to represent knowleciyatal one can refer to capital
services from information and communications tedbgies (ICT) since capital is
divided into ICT and non-ICT capital for several 28 countries. For most of these
states, corresponding data are available since. BXt@&ptions are Austria (since the
mid 1970s), the Czech Republic, Hungary, Slovemd &weden (all since the mid
1990s). Despite some difficulties about whethervidedge can solely be based on
ICT, this assignment provides a good starting pf@intmeasuring innovative activity.
In addition, ICT capital is mainly responsible fitre storage of knowledge, which
makes its application more plausible. The datadisaggregated up to the industry
level, supplying information of a precision similar NACE or ISIC. A model in
which the EU KLEMS database may broadly be apptieul be found in Inklaar et al.
(2007). Their multi-sectoral model includes prodoet functions using labour
services, and both non-ICT and ICT capital servidéese are variables which can
all be found in the forthcoming EU KLEMS databa3® see the full scope of
applicability, we have to wait for its final releas

Table 4 summarizes the data availability for theecage of R&D investments, LBD
and spillovers.

Table 4: Data availability

R&D LBD Spillovers
Public Private
Micro-level IIASA —
CO2DB
Meso-level |IEA —Energy RD&D OECD — ANBERD
Eurostat Eurostat
NSF NSF
EU KLEMS
Macro-level NSF NSF OECD
OECD OECD IMF
Eurostat Eurostat
EU KLEMS

Source: Rennings and Voigt (2008) Deliverable fdtINroject

To conclude, data availability is mixed. There Isoaa second problem, which is that
the model exercises are often not transparent gheutiata sources used to calibrate
benchmarks for the simulation of certain situatidgfrequently, calibration parameters
rely on assumptions which are not clearly commueitaa point that is criticized by
Pizer and Popp (2007). A particular difficulty ishether models intend to gain
qualitative or quantitative insights. This oftennist evident from the description of
the approaches. Especially for variables relatetiedknowledge stock, there are a lot
of examples where no explicit database is used@tutoc assumptions are included.
However, it might be useful to check those modelsduantitative consistency of
their results since this could help to understamel phenomenon of technological
progress more deeply. Furthermore, the usabilityhef mentioned data could be
improved, e.g. through better coverage of firm leW®&D expenditures or
adjustments in the capture of research investmeriit) countries.
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The identification of environmental innovations geats a problem. R&D
expenditures are not broken down into environmeR&D and non-environmental
R&D. For energy technologies we have good R&D stias for public R&D but not

for private R&D. On non-energy eco-innovation theseno data. The informational
basis of E3 models is thus extremely poor as fae@sinnovation is concerned
outside the energy sector.

For aggregate approaches which distinguish onlwden energy-intensive and non-
energy-intensive sectors useful data are avail#aeinstance, with respect to public
research investments one can use the IEA datalbaseesgy RD&D. In models with
a detailed sectoral classification, like E3MG, digagated data on different
industrial sectors from Eurostat offer a good sigrpoint despite the problem of the
small sample size. The NACE based specificatiortrassferable to the sectoral
categorization used in those models. The princiificulty in Europe is that data
availability is good for some countries and venpoipéor others, mostly for former
Eastern bloc countries. That makes a unitary Ewopgew difficult, whereas in the
US there is a common standard of data gathering.

74



6. Measurement of competitiveness of eco-innovation

Competitiveness is a EU priority. The competitivemef a company can be broadly
defined as the ability to sell its products in hoamel foreign markets. The aggregated
competitiveness of all companies determines thepetitiveness of a country. Eco-

innovation can contribute to competitiveness iresevways. Two important ways are

(1) by helping EU industry to lower costs thankddaer resource costs, and (2) by
creating products that can be sold into the wordket™*

6.1 Defining and understanding competitiveness

In the literature, we find different definitions otbmpetitivenesés. The OECD (1996,
p. 24) defines it as "... the ability of companiesdustries, regions, nations, and
supranational regions to generate, while beingranthining exposed to international
competition, relatively high factor income and factemployment levels on a
sustainable basis". The EU Commission (2003, p. &49s as a definition of
competitiveness "... the ability of an economy tovde its population with high and
rising standards of living and a high level of eayphent for all those willing to work,
on a sustainable basis."

Competitiveness has to do with the ability to cotapend earn money in the world
economy. The competitiveness of eco-innovations beyneasured on the basis of
exports data, sales data, and the world markeéesladrthose eco-innovations that are
sold as goods or services. Here the market perficenas used as a measure. A
second approach looks not at economic performantatbthose factors that affect
the ability to compete and to reap benefits from-@novative activity. The ability to
compete depends on company internal capabilitiesaftering their processes and
products, strengths in marketing and market powed wider aspects such as the
sectoral system of innovation (the value chainyjdiions of rivalry, and macro-
economy factors (price stability, competition). Timelicators about the ability to
innovate will tell something about the potentiatuite performance of innovating
firms.

The ability to compete and earn money does notraep® innovation in a narrow
sense but on a range of factors. In his book “Cditive advantage of nations”,
business professor Michael Porter identifies fais ®f variables that affect economic
performance of sectors and nations.

4 This chapter is based on two contributions for Mitle by René Kemp and Jens Horbach, and one
by Riso researchers Per Dannemand Andersen, Madp Band Mans Molin.
> From Fischer and Schornberg (2006, p.3).
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Figure 11: Porter’s “Diamond”

Porter’s ““‘Diamond?’
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Source http://pacific.commerce.ubc.ca/ruckman/competitixeznations. htnf

Factor conditions refer to inputs used as factéygroduction - such as labour, land,
natural resources, capital and infrastructure. Tdypears in line with standard
economic theory, but Porter argues that the "kagtdrs of production (or specialized
factors) arecreated instead of being inherited. Specialized factdrproduction are
skilled labour, capital and infrastructure. "Norykdactors or general use factors,
such as unskilled labour and raw materials, camldained by any company and,
hence, do not generate sustained competitive aalyanHowever, specialized factors
involve sustained investment and are thus morediffto duplicate.

18 The below text is taken from this source.
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Porter argues that a lack of resources often hehpsitries to become competitive
(Selective Factor Disadvantage (SFD). Abundansaid to generate waste, whereas
scarcity generates an innovative mindset to oveectira problem of scarce resources.
Examples of SFDs are:

« Switzerland: first country to experience labour rshge. Abandoned labour-
intensive watches and concentrated on innovativ@oarhigh-end watches
(Rolex, Swatch).

« Japan: high priced land, which implied high costfauftory space, stimulated
Just In Time inventory.

- Sweden: short building season plus high constroatiosts encouraged pre-
fabricated housing

Demand conditions refer to the type of users apel sf the market. Firms that face a
sophisticated domestic market are likely to seflesior products because the market
demands high quality, and a close proximity to saechsumers enables the firm to
better understand the needs and desires of thencest. Related and supporting
industries constitute the third element. They czisteat a regional level but could
also exist at the international level. The locakleis said to be important. Examples
include Silicon valley in the U.S., Detroit (forethauto industry) and lItaly (leather-
shoes-other leather goods industry). Strategy,ctstre and rivalry refer to the
company’s strategy, the ways in which it is intégdaand rivalry situation it is in.
Low rivalry is good in the short term but bad ie flonger term.

Challenging environmental regulations may thus helpmpanies to become
competitive (the Porter hypothesis). This hypothésicontroversial but coming from
perhaps the world’s most famous business econohnaistreceived a lot of attention.

The model is not prone to simple measurement Ifigrsoa useful theoretical
framework for thinking about competitiveness. Pothienself created the Business
Competitiveness Index (BCI), a composite index,ualrehich more will be said later
on.

The EU has produced several communications and imgrldocuments on the
competitiveness of the EU as a whole and of pdaiddU sectors. An example is the
report “Key indicators on the Competitiveness of'€UWUCT industry”. The paper
offers an economic profile of the sector for theZbland individual companies, in
terms of value added, number of persons employddt@mover. Value added as a
percentage of GDP for the EU15 is compared with tfizselected trading nations.
Relative shares of employment in the ICT sectoragse compared. These are nothing
but crude measures of competitiveness, as theofitiee sector reflects in the first
instance the demand for ICT services. The paper gilses information on labour
productivity growth, labour costs and productioowth, trade performance, human
capital, R&D and venture capital investments foe U, which is presented in
graphs, together with information for Japan andUiseand other nations. There is no
discussion of the capacity to innovate, nor is é¢han elaborate discussion of
competitiveness.

The Commission Staff working document “Europearubtdy: A Sectoral Overview”
uses the same type of information for the ICT ge@nod other sectors), together with
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graphical information of the evolution of VA, emphoent and labour productivity

against total manufacturing, allowing us to see riflative evolution (whether this

sector does relatively well). The working documesffers a competitiveness

assessment through a short tabled discussion aflkdge, competition, regulation,

environment (regulation) and external competitie=neThis discussion is rather
superficial and is not based on systematic compasisThe environmental goods and
services sector is absent from the sectors disdusethe simple reason that we lack
annual data on the above measures for this sector.

We now turn to the issue of measurement, wherexamme four types of indicators
for measurement:

- Indicators based on trade performance

- Indicators based on costs and labour productivity

- Single indicators based on input measures fayJation
- Systems indicators based on sets of indicators

Indicators based on trade data
- Exports

A high share of exports of a certain good and p@sihet exports (exports minus
imports) is indicative of a nation’s competitivesesNe lack information about
exports and imports for the eco-sector as a whateirformation about sales and
exports is often available for quite detailed goatkgories, such as wind turbines and
photovoltaic (PV) cells and components from seaganisations. The Ernst and
Young study for DG Environment “Eco-industry, iiges employment, perspectives
and barriers to growth in an enlarged EU” (publish®eptember 2006) offers
information about imports and exports for the falilog eco-industry sectors:

« Air pollution control (APC);

» Water pollution control (WPC);

» Waste disposal;

» Monitoring equipment;

 Other Environmental Equipment (OEE);
* Solar thermal;

* Photovoltaics;

» Hydropower.

Information about imports and exports for thesa@sdor the years 2000 to 2004 is
plotted for the EU as a whole and selected couBieh as Germany, France, UK,
Belgium and Italy (see Figures 12 and 13)
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Figure 12: EU-25 Import and export figures from ard to outside the EU-25
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Source: Ernst and Young (2006, p. 113)

Figure 13: EU-25 Import and export figures for Gemany, 2004
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The report says that the 8 eco-sectors accoumtpjmroximately 20% of total trade (in
environmental goods and services) and mentiongtiea¢ are data problems. This is
indicated in a quotation from a previous study tom Eco-industry published in 2001,
stating it is unclear what percentage of total trade in eammental goods is
captured by these trade codes. Due to data linoitestj it is only possible for a few
countries (usually strong exporters) to make a canspn between exports measured
by trade code analysis with exports reported byirenment industry suppliers. This
comparison suggests that only in the order of 20%ot@l trade is captured by trade
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codes in these countries (Germany and Austria). éd@n this ratio is highly
variable across environmental categori{es)

For many eco-innovation product categories inforomtbout the value of exports
and imports is available. The very detailed COMEX&tabase of the EU is
interesting as it allows the analysis of foreigadt (intra- and extra-trade) for the EU
25. The commodities in this database are brokenndoy the 8-digit commodity

numbers (CN2006 combined nomenclature). “Thisftarid statistical classification,

based on the international classification known tlas Harmonised Commodity
Description and Coding System, or more simply thernhbnised System or HS,
includes ca. 10 000 eight-digit codes” (EUROSTATU@@&b), p. 11).

Within the COMEXT database intra- and extra EU éradatisticsare compiled
monthly. The main statistical data published by EUROSTAT for intra-EU trade
are as follows (see EUROSTAT (2006b): the declaring Member State, the
reference period, the flow, the product, as defined in the Combined
Nomenclature, the trading partner, the statistical value, the net mass (in
tonnes), the quantity in any supplementary units (litres, number of parts, etc.)
and the mode of transport. All these data are also available for extra-EU
trade. In addition, data are available to the public for trade with third countries
on: the statistical procedure, the nationality of the means of transport at the
frontier and whether or not the goods are transported in a container.

For 2007, a change in the classification has beanunced.

The use of the COMEXT database for environmentgbgses evokes two non-trivial
problems. Firstly, one has to identify environmégteelated products (see Table 5
for examples for such products within the Combinddmenclature). Different
analyses of the environmental industry (see e.¢gtiitzk-Schwenk, Horbach, Lobbe,
Walter (1994) or Ernst&Young (2006) or Legler dt.(@007)) and supplier lists can
be used to find these products. Nevertheless, matlye products, like pumps, are
so-called multi-purpose products so that it will lkgficult to calculate the
environmentally relevant value shares. Another jgmohs that there is a bias towards
end-of-pipe technologies and environmentally frignoroducts whereas is is rarely
possible to identify cleaner technologies.

Table 5: Examples for (potentially) environmental-nnovative products within
the Combined Nomenclature used for the COMEXT databse

3815 Reaction initiators, reaction acceleratord eatalytic preparations, not else
where specified or included:
Supported catalysts:

3815 11 00 With nickel or nickel compounds asabive substance

381512 00 With precious metal or precious-medatgounds as the active substance

8410 Hydraulic turbines, water wheels, and reigusatherefore:
Hydraulic turbines and water wheels

8414 Air or vacuum pumps, air or other gas congmesand fans; ventilating or
recycling hoods incorporating a fan, whether orfittad with filters:

84141081 Diffusion pumps, cryopumps and adsongiumps

8414 10 89 Other

8421 Centrifuges, including centrifugal dryerdiefing or purifying machinery
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and apparatus, for liquids or gases:
Filtering or purifying machinery and apparatusliquids:
8421 21 00 For filtering or purifying water

8541 Diodes, transistors and similar semiconduatievices; photosensitiv
semiconductor devices, including photovoltaic celighether or nof
assembled in modules or made up into panels; &gfitting diodes; mounted
piezoelectric crystals:

8541 40 Photosensitive semiconductor devicesudly photovoltaic cells whethe
or not assembled in modules or made up into palgig:emitting diodes:

[¢)

=

8502 Electric generating sets and rotary conkgrte
8502 31 00 Wind-powered

Source: European Commission (2005).

After having identified the environmental goods thnovativeness of these products
has to be analysed. To solve this problem, theovielig procedures seem to be
feasible:

* Using general lists of innovation intensive prodydhen sub-filtering for
environmental goods;

» Identifying new and relevant environmental goodsbglysing case studies;

» Exploring patent data bases to identify the innieegproducts.

For the finally identified environmentally innove¢i goods, indicators such as world
market shares or RCA (Revealed Comparative Adva)tegjues may be calculated.

In Germany, Legler et al. (2007) use the concegpotential” environmental goods

to assess the competitiveness of the eco-industrgsérmany and other OECD

countries (see also table 6). The authors usenrtion of the German Statistical
Office and supplier lists to define a list of emvimental goods compatible with
external trade statistics. The “multi-purpose” peob of products such as pumps is
simply ignored so that the whole product groupefiried as environmentally relevant
leading to an overestimation of the importancehef ¢co-industry. The advantage of
this approach is that a statistically identifiabtm-industry is constructed allowing the
calculation of world trade shares or RCA values.
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Table 6: World trade shares of potential environmeial goods of OECD countries from
1993 to 2004

Land 1093 1994 1995 1096 1997 1998 1999 2000 2001 2002 2003 2004
GER 1654 162 164 158 150 158 157 147 150 158 162 164
FRA 6.4 6,7 56 B.4 54 B,1 53 5.1 54 5.6 57 53
GBR 71 7.0 69 71 75 73 69 ] 513 B3 6.4 B,1
ITA o 78 7.9 8.5 75 75 7.2 B3 BT B8 7.0 3]
BEL 27 25 24 24 24 25 25 25 25 25 26 25
LUX 02 0.1 01 0.2 0.2 02
NED 44 37 36 34 32 30 29 27 28 26 29 28
DEN 19 19 19 18 17 17 1,7 15 1.7 1.8 1.7 16
IRL 04 04 04 04 0.4 05 04 04 0,5 04 05 05
GRE 0.1 0,1 0.1 0.1 0.1 0,1 0.1 04 0.1 0,1 0.1 0.1
ESP 19 19 20 21 22 22 22 21 22 23 24 23
FCR 0,2 02 0.3 0.2 03 02 02 0.2 0,2 03 03 03
SWE 2.0 19 20 20 18 18 139 13 17 19 1.8 18
FIN 0,3 1.0 1.1 1,0 1,0 10 09 0.8 0,8 08 0.9 08
AUT 19 17 19 18 15 15 15 13 14 1,5 1.7 156
sUl 33 32 32 3.0 26 28 27 26 28 26 26 25
NOR 0,5 04 04 05 05 05 05 04 0.4 0,5 05 05
ISL 0,0 0,0 0.0 0.0 0.0 0,0 0.0 00 0,0 0,0 0,0 00
TUR 0,2 02 02 03 0.3 03 0,3 03 04 04 05 05
POL 04 0.4 05 05 05 06 0.6 0.6 07 08 1.0 11
CZE 04 0.4 04 0.6 0.6 07 07 07 0.8 09 1.0 11
HUN 0.3 03 03 03 03 04 0.4 04 0.8 07 07 0.4
SVK 02 02 0.1 0,1 02 0.2 0.2 02
CAN 2.1 232 22 25 27 29 3.0 31 9 32 27 25
USA 184 178 172 176 200 193 196 210 205 186 188 161
MEX 14 1,5 14 17 20 23 27 20 25 28 25 23
JPN 12,1 128 129 18 113 a5 104 1232 99 9.6 95 108
KCR 1,3 15 12 14 12 12 13 12 1.4 13 14
AUS 05 05 05 06 05 04 04 0.4 04 04 04 04
NZL 0.1 0.1 0.1 0,1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

*) Abfall. Wasser, Luft. Mess-, Stener-. Regeltechnik. Giter zum Lirmschusz sowie Energle Umiwelt.
1) Anterl der Ausfuhren eines Landes an den Weltusfuhren m %

Quelle: OECD, ITCS - Interational Trade By Commodity Statistics, Rev. 3 (versch. Jgge). - Berechnungen des NIW.

Source: Legler et al. (2007), p. 152.

Revealed Comparative Advantage

A well-known trade-based indicator of competitiveses Revealed Comparative
Advantage, proposed by Balassa (1965). The RCAevafua country for a product
group i at a given point of time t may be calculiates follows (see e.g. Horbach
(1999)):

RCA =In{— Ex"/”nv'"
DEX 1D IM,
i=1 i=1

EX: Exports; IM: Imports

}

A positive RCA — value signifies that the counttyows a higher export-import

relation in the product group i compared to theogpmport relation of the whole

economy. Therefore, the RCA may be interpretechasadicator for the specialisation

of a country pointing to relative competitive adisges (or disadvantages) in the
analysed product group.

82



RCA is being calculated for EU sectors for whichdi data is available. The earlier
mentioned Commission Staff working document “Euapdndustry: A Sectoral
Overview” plots information for the EU15.

The figure below (Figure 14) shows that the EUdmnd relatively well in mechanical
engineering, chemical and poor in clothing and oaaind TV receivers. Revealed
comparative advantage indices can be calculatethése eco-sectors for which trade
data are available. RCA indices can be calculavedhe 8 eco-sectors identified in
the Ernst Young study about the eco-industry --philution control, Water pollution
control, Waste disposal, Monitoring equipment, Otlvironmental Equipment,
Solar thermal, Photovoltaic and Hydropower — farseh years for which information
about exports and imports have been calculated.
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Figure 14: EU-15 trade in manufactured products

EU - 15 trade in manufactured products
Revezled comparative advantage indsx
(average 2000 - 2002)

I echanical enginesring (LIS - B.3) |

Chemicazs [HS- 54) |

Mon-metallic mineral products (LS - 19) |

Aircreft and spacecrafi (HIS-4.4) [
Frinting & publishing (LS - 1) | ]

Sciertific instruments (HIS - 3.7} ]

Leather and footwear (LS - 16) |

Fabricated metal products (LIS - 2 .8} 1

Telecommunication eguiprrent (HS - 3.1} 1
Rubber & plastics (LS - 2.7) |
Pulp, paper and paper producis (LUS- 2.1 |

Motor wehicles (LS - 11.7) ] ]
Other efectrical machinery nec (LIS - 4 5) | |

Furniture; manufaciuring nec (LS - 3.6) ] 1

Food, drink & tobacco (LS5- 3.1 ]

Teiles (LS- 3.1 | ]

Buikding and repairing of ships (HIS - 0.6} ]
Irsulated wire (LIS - 0.4) 1 |
W ineral oif refireng & nuclesr fuel (HS - 0U5) ] ]
Criher insiruments (HIS - 1) ] 1
Basic metas (LS- 3.7) 1 1

Railroad and transport eguipment nec (HIS - 0.4) -:|
Wood & producis of wood (LIS - 0.8) -:|
Oifice machinery (HS - 5.2 -:|
Blectronic valves and tubes (HS - 3.4) -:|
Clothing (LS - 15) |
Radio and tefesision receivers (HS - 0.5) -:

0 1
Source: EU sectoral competitiveness indicators - Pocketbook 2005

Indicators based on costs and labour productivity

Cost differences

Cost differences are a traditional indicator of petitiveness. They are a less relevant
indicator for heterogeneous products where quakfyects make costs less relevant.
Costs have to be considered together with quadipeets, which is difficult because
there are no standardized figures for product tyuali
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Productivity differences

Nations with high costs may do well because a hagpour productivity compensates
for high costs. For labour productivity we havenstardized figures for nations and
sectors. Data availability is to be further studied

Indicators about innovation activities
Innovative activities may be measured by:
» Data on Research and Development activity
* Business start ups
* Patent data
» Data on innovative companies
Each of the measures will be discussed briefly.

Data on Research and Development activity

These are available for companies, sectors andnsatiVe do not have statistics on
environmental R&D by companies. Unfortunately,sitviery difficult to get data on
environmentally related R&D expenditures becausendi are often not able to
separate between environmental and “normal” R&2 @so Johnstone (2007)). This
is especially the case for cleaner technologiesevhreany eco-innovations are only a
by-product of general innovation activities.

Business start ups

Start ups are indicative of innovative activity, pesially in manufacturing.
Information about business startups is availaldenfiEurostat. The main source of
data for this development action is the statistimadiness registers that the National
Statistical Institutes maintain. The use of thdistiaal business registers makes it
possible to identify demographic events at thellefeach individual unit.

According to Eurostat, in 2003 there were 1.2 willnewly born enterprises in the
business economy of the 16 countries for which rmfition was available. The
countries are: the Czech Republic, Estonia, Spdialy, Latvia, Lithuania,
Luxembourg, Hungary, the Netherlands, Portugal,v&i@, Slovakia, Finland,
Sweden, the United Kingdom, and Switzerland.
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Figure 15: Enterprise birth rates, business economg2003 (%))

20

Avg CZ DK EE ES IT LV LT LU HU MWL PT =5l SK FlI SE UK
{1 (2)

(1) Based on data for Estonia, Spain, lfaly, Lafwia, Slovakia, Sweden and the United Kingdaom.
(2) 2001

The classification used is NACE. Eco-innovative pamies cannot be identified
within the NACE classification so that we do notvéanformation about business
start ups in eco-innovation or in environmentaldgpand services. To create statistics
on this, statistical bureaus should ask compantestiver their company is selling an
environmentally superior product, and whether eminental improvement was a key
objective. It would also be interesting to collect additional information about business
deaths -- whether environmental aspects played a role in the death of the company.

Patent data

Patent data can be used to measure the techndlogjabilities of the companies in
ecotechnology by searching for environmentally vat¢ patents. This may give
information about the strength of European manufacs in emerging environmental
technology areas such as nanotechnology and fulsl d¢&atent data have to be
examined with care (see section 2.2)

Data on innovative companies

Information about eco-innovators across variousdéuntries can be obtained from
the Community Innovation Survey, even when no doess asked about whether
companies eco-innovate. Eco-innovators may be eéfas those which had reported
a high degree of impact of innovation on eitherdireed materials and energy per
produced unit” (EMAT) or “improved environmental pact or health and safety
aspects” (EENV). This definition has been used WBMZ and Technopolis and

Horbach (in press). The profile of eco-innovatimgnt may be compared to that of
innovative firms in various sectors — remember that firms in those sectors may
qualify as eco-innovators, which means that theufjmn of eco-innovators is a

mixture of the other populations. Such a comparissing data from CIS-3 has been
undertaken by Technopolis in the Europe InnovagamtojGeneral results are given in
Figure 16.
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Figure 16: Innovation modes (% of innovating firms,EU13)

Innovation modes (% of innovating firms, EU13)

oT 26 3% 340 -rzf,l|

CHEMICALS | % TN 2% I|

s CHINERY ] 0% 4% 3% I|

AUTOMOTVE | 19% 440 28% % I|

ENERGY ] e B1% 0% I|

FOOD | 11% 26% 50% 13% I|

TEXTILES ] 12%, Fre 500 129 I|

ECO-INMNOV ATION 18% % 43% %

GAZELLES 26% 27% 45% |

ALL INDUSTRES | 15% 28% 8% % I|
0% 2 :uls.»;. .u:;::-; su:lra:, a:ulﬁ.-; 13;:9.»;

STRATEGIC INNOWATORS m NTERMTTENT INNOWATORS  TECHMOLOGY MODFIERS ) TECHNOLOGY ADOFTERS

Source: Presentation Viola Peter at ECO-DRIVE wioos Brussels, 2008

We can see that about half of all eco-innovativendi innovate through creative
innovative activities, the other half innovateaigh diffusion-based innovative
activities. With a share of 18%, the share of eg&tinnovators is slightly above the
15% EU average for innovative firms. The resultevshthat the profile of eco-
innovators is actually very close to the EU average

The CIS offers no information about the share af-iqovation, and whether these
innovations presented the firms with competitivevaadages or disadvantages. But
the CIS inquires into very interesting issues. Egample, whether the goods and
services innovations introduced were new to theketaor only new to the firm;
whether they engaged in intramural (in-house) R&B3o, how much they spent on
this, how much they spent on innovation activitiesotal, and whether they received
public funding for their innovation activities. Cgemnies are also questioned about the
sources of information (internal, suppliers, clgntompetitors, universities, public
research institutes or other specified sources) dypoes of co-operation.
Unfortunately, these questions relate to all intioveactivities.

It would be interesting to add a few questionshi® €IS in a one-off module so that
we get a better understanding of how eco-innovaidivities and the effects of those
activities differ between nations, sectors and camypclasses. Suggestions for this
are given in Section 2.1. As noted before, theusioh of these questions would be
enormously beneficial to eco-innovation research.

Composite measures based on performance and detemants
Given the limitations of each of the indicators foeasuring competitiveness, they are

best used in combination with each other, raisivggduestion of how they might be
usefully combined. The most well-known compositdiées for competitiveness are
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the Global Competitiveness Index (GCI) of the Wdidonomic Forum (WEF), the
Competitiveness Scoreboard (CS) of the Internatidnstitute for Management
Development (IMD) and the Business Competitiventstex (BCI) of Michael
Porter.

The Global Competitiveness Index is the succestdheo Growth Competitiveness
Index developed by Sachs and McArthur. The GCI daosfactors that are viewed
critical to driving productivity and competitivergswhich are grouped into nine
pillars:

» Institutions

* Infrastructure

* Macroeconomy

* Health and primary education

» Higher education and training

* Market efficiency

» Technological readiness

» Business sophistication

* Innovation

It is stated that none of these factors alone cesure competitiveness. The index
incorporates the notion that countries around tleeldvare functioning at different
stages of economic development. The relative inapoe of particular factors for
improving the competitiveness of a country will lbefunction of the starting
conditions, that is, those institutional and stuwat features which characterize a
country in comparison with others in terms of depehent, as measured by per capita
income. For example, what presently drives prodiigtin Sweden is necessarily
different from what drives it in Ghana. The GCI aggies countries into three specific
stages: factor-driven, efficiency-driven, and inaten-driven, each implying a
growing degree of complexity in the operation af #tonomy.
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Table 7: Global Competitiveness Index (GCI) ranking s and 2005 comparisons

GCI GCI GCI GCI CI BCI

CaunryEoocnony 25K Renk 2008 Szora 2005 Fank Couiry Ezorarmey 20 Rank NE Saore 05 Rank
Switzerland 1 541 L] Azerbaijan B4 4.08 g2
Firland z 676 2 Calombia BE 4.0 2]
Sweadan 3 674 7 Erazil B 4.0m 5
Denmark 4 570 k] Trinidad and Tabaga L 40 E8
Singapare ] 562 5 Ramanis =] 402 &7
United States B 641 1 Argantina 7] 401 B
Japan 7 5460 10 KMorocoo o 4.0 76
Garmary ] G5B ] Philippinas T 4.9 73
Matherdands o 556 1 Eulgaris T2 2.0 &l
United Kingdom 10 G54 9 Unaguay i) am 70
Hang Kong S8R0 1 54E 14 Paru ™ 2.0 17
Morway 12 642 17 Gumiemala 75 an 6
Taiwan, China 12 541 ] Klgeria T 2m =2
lesland 14 540 18 Wietnam m amM 74
lsrael 43 53B o Ukraine = 20 =]
Crnnda 18 537 13 Sri Lanka ™ an &0
Augtria 17 63z 15 Macedania, FIR B0 2.8 75
Franca 1B 631 12 Ertswana B am 12
Augiralia 18 528 1 Armmenia 3 am 2l
Eslgim 20 537 bl Dominican R=public B2 am al
Ireland n 521 zl Mamibia Bd am 79
Luxembourg 22 5.1E 24 Georgia 1] 21 =]
Mz Taaland 12 6.5 = Meldava B a7 =]
Koraa, Rap. u 512 ] Sarhis ard Momtznegre m =L ]
Estonia 15 LR E o Wenemels B2 26 24
Maleyzia 2B 511 5 Ecsnis and Herzegavira (1] 287 =]
Chilz 7 435 o Ecusdor 0 287 =
Spain il 417 H Pakistan L1l 264 ™
Czech Republic 28 474 | Mengalin a2 26 =0
Turisia an aM n Honduras 92 20 o7
Barbades £l 470 — Keznys a4 287 @
United &rab Emirat=s 3z 446 2 Hicaragua g5 2582 ]
Slovenin EE 454 | Tajikistan L a8 2
Prirtugal u 480 2 Eolivia L 245 101
Thailand 15 458 " Alkania 9z 245 100
Lertvia 3B 457 = Enngladesh L] 245 |
Skwak Aepublic a7 455 ] Surinams 1 245 —
Qtar a8 455 45 Nigeria 1 245 o)
Kata kL] 454 44 Gambia nz 243 ]
Lichuania an 453 | Cambodia 2 ax 111
Hungary 11 452 ] Tanzanis 4 24 (]
Ieaky 42 448 | Eenin s an 1086
India 43 44 45 Paraguay 06 2" 102
Kurevait L2 441 4 Eyrgyz Republic o) a2 (]
South Africa a5 438 41 Camercon ] 231 i
Cyprus 46 436 41 Madagascar L] am 107
Greeoe 47 432 47 Hepal 112 2M —
Polard L 430 4 Guyana m a2 108
Eahrain 40 42p 2] L=satha 1z an —_
Indoresia 50 426 2] Upanda nz an 108
Craatia 51 438 2] Mauritania 14 an —
Jardan B2 425 42 Zamkia e a1 =
Costa Rica 62 435 5 Eurkina Faso & anm —_
Chima 54 424 44 Malawi n? anm 114
Mauritius 13 420 55 Iali 1z an 115
Kazakhsisn 5B 418 Bl Zimbahwe 1na an 110
Prnama 57 a41e E5 Ethiopia 120 2m 118
Mesxico 1] 418 ] Mozambigue Fd| 2. 112
Turkey [ 414 Tl Timar-Lasie 2= e 113
Jamaics a0 410 =] Chad 12 2E1 117
El Zalvador a1 408 B Eunundi 124 zM —_
Fussian Federatian a2 40e x| Angel 125 28] =
Eqypt G2 447 52

[T

Source: global competitiveness report — executive s ummary (2006)
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Figure 17: The World Competitiveness Scoreboard 200of IMD
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Table 8: The Business Competitiveness Index (BCI)

Duany el tha Gonpany Tunlopafthe Ciomparwy

BC| natianl bwiness apsraiiana and BEI natioral busirasa opsranonE and
CounimyEca nomy ranking Envirenman rarking riratagy moking Coaniny'Ezpramy ranking anvimnnen mnking wmiegy ranking
Uritad Stztes 1 ! | China B4 5 2]
Germany 2 2 2 Sri Larkn 65 i ] ]
Rnlard 3 3 B Morocca® B2 E2 B
Swiczedand ] 4 4 Pakistany L1} L1 2
D=rmark 5 L] ] Kermm 62 T2 E7
Hetherlarels ] B 7 Eoizeara Lel 2] B
Sweden T B g Kezakhstan m m ™
Uritsd Kingdam ] 7 ] Peru M b 5l
Japan ] L] 5 Philippires 2 ™ 4
Hong Kong S&R 1] o 12 Tarzania 72 7l ]
dingapore 11 1 I1 Remania 4 T T
Ay ssiria 12 14 n Mamibis 7B ] x|
leehnd 12 12 18 Egypt ™® ™ m
Horsay 14 12. Fi] Azarbajan® mw ] ]
Canada 15 1E 1] Lrgencima 2 ™ B2
France 16 18 11 Russian Federatdan by iy |
Balgium 17 17 12 Migeria® L 1] B4 i1
Australa IE IE 22 Ukraine n 2] B2
Izrael 1] 15 15 Wizmam : ] £l m
Maleysin 0 0 14 Bulgaria B3 El ]
Taiwan, China | 2z 1B Dominican Republic B 2] ™
Ir=land 2 22 17 &lgeria BE B 112
MNewe Z=aland 22 n n Serhin and Monteregro B 51 10
Estanin L o a5 Mecedoniz, A m B L]
Korea, Rep 25 29 22 Uganda* -] o) ET
Tunisia 26 25 a2 Burkina Faso™ ] B "
India 7 7 ¥l Moldove a0 L]l L]]
Partugsl i 2B an L el B LE1]
Chils il 2B 28 Gambia a2 ] 5
Spain an £l 1 Wanazunln 92 ] El
Uritsd Arab Emirstes AN an a8 Armeria 94 :x] 101
Crech Republic 3z az 2B Benin 95 L] ]
South Africa 32 £ 7 Bozrin and Heresgovine % 5] 107
Oiter M 3z 4 Madsgezcar o i ] ]
Indenesia 35 £l 2B Tajikistan™ g2 w 108
Slovenin 36 k1] M Meongoka ] M 104
Thailand a7 i an Georgia (0] 101 L1}
hisly 3B LE 2 Meuritanin® 0] i) 2]
Hurgary 38 35 a2 Micaragus 2 1% 18
Slovak Republic an a8 a5 Zimbebawe 1] 104 B4
Malaz Ll an a2 Melawi [{C] L] 2]
Barbedos 42 1 (1] Ecuador 1] 105 7]
Lithusnias a3 a5 7 Honduras 1] 106 ¥]
LAT T 44 u 58 Cembadis L) Lo L
Cyprus 45 a2 ar Bengladesh 1M 1a Le
Turkey 48 46 1 Suriname {C] 104 115
Latvia a7 & a7 Fozambiqus 11 m L]
Mauriias e a8 1k Fapal (k1] 113 108
Greece 48 47 53 Kyrgyr Republic 112 12 14
Costa Aice a0 A2 k] Came=roon 13 14 o2
Babrain® 51 50 a4 Guyara 114 s m
Jordan 52 a1 m Lesatho 115 115 116
Poland 52 52 48 Zamhia 118 L] 123
Jamaica 54 55 52 Enliia 117 117 120
Erazil 55 5B e Ethiapia 118 13 121
Cromtia 5B 5 L Albania 5k] 2 M3
Maxico 87 56 43 FParaguay 13 119 118
Panams 5B 57 5B Chad® 121 121 124
gulsu:p::m :z :2 :: Hatz: *Survey data for thasa countrizs have high within-courtry vanance; untl

tha relsbility of survey rasponses improves wich futra aducatioral etforts and
Guatzmala i1 B 50 improved sampling in thase coumrias, their rankings should bs interprated with
Lruguay a2 il n oaution.
Trinidad and Tobago 62 1] a5
Source:

http://www.weforum.org/pdf/Global CompetitivenesegRrts/Reports/gcr_2006/gcr2006_summary.pdf
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The pillars of the GCI are organized into three -sutexes, each critical to a
particular stage of development: (a) thesic requirementsub-index groups those
pillars most critical for countries in the factarivén stage (institutions, infrastructure,
macroeconomy, health and primary education); (betficiency enhancersub-index
includes those pillars critical for countries inetlefficiency-driven stage (higher
education and training, market efficiency, techgatal readiness); (c) thienovation
and sophistication factorsub-index includes all pillars critical to coungién the
innovation-driven stage (business sophisticationpvation).

The World Competitiveness ScoreboardCS) presents (Figure 17) the 2007 overall
ranking for the 55 countries covered by the Wortdrpetitiveness Yearbook

(WCY). The economies are ranked from the mostedehst competitive and
performance can be analyzed on the basis of timess@he basic assumption is that
wealth creation takes place at enterprise levee{dr private or state-owned) but
that enterprises operate in a national environmith enhances or hinders their
ability to compete domestically or internationally.

The WCY divides the national environment into fouein factors:

- Economic Performance

- Government Efficiency

- Business Efficiency

- Infrastructure

Each of these factors is divided into 5 sub-factdngch highlight every facet of the
areas analyzed. Altogether, the WCY features 2@ sub-factors, which comprise
more than 300 criteria. Each sub-factor, indepethglen the number of criteria it
contains, has the same weight in the overall cagestodn of results, that is 5% (20x5
=100). Criteria can be hard data, which analyzep=siitiveness as it can be measured
(e.g. GDP) or soft data, which analyze competit®g=nas it can be perceived (e.g.
Availability of competent managers). Hard critené@resent a weight of 2/3 in the
overall ranking whereas the survey data represemtight of 1/3. Some criteria are
for background information only, which means thegyt are not used in calculating
the overall competitiveness ranking (e.g. Popufatinder 15). Aggregating the
results of the 20 sub-factors makes the total dafegmn, which leads to the overall
ranking of the WCYY’

The Business Competitiveness IndexBCIl) was developed by Michael Porter. It
ranks countries by their microeconomic competitess) identifies competitive
strengths and weaknesses in terms of countrie#éss environment conditions and
company operations and strategies, and providessgssment of the sustainability of
countries’ current levels of prosperity. It is stthat the BCI explains more than 80
percent of the variation of GDP per capita acrdss wide sample of countries
covered, a confirmation of the critical importanoé microeconomic factors for
prosperity. This shows that the BCI complementsGia# in an important way.

¥ For more detail, see:
http://www.imd.ch/research/publications/wcy/compet¢iness _scoreboard.cfm?bhcp=1
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6.2 An example analysis for energy technology

In chapter 3 we examined how the general systechsators may be adapted for eco-
innovation. Below we will give an example analydsr (alternative) energy
technology undertaken by Riso researchers Per Daam# Andersen, Mads Borup,
and Mans Molinfor Europe, with special attention to wind energyDenmark. The
following indicators are used: exports, market ehashare prices, job creation and
innovation system indicators.

Exports

Europe is a net importer of energy (which is ralate the security-of-supply issue)
but a net exporter of energy technologies. Accaydim an analysis by the Danish
Energy Authority and Statistics Denmark, the exgaym the EU (extra EU-15) of
energy technology and energy equipment increasad #2.2 bn€ in 1996 to 92.6bn€
in 2006. The import (extra EU-15) has increased tlve same period from 20.9 bn€
to 47.3 bn€. This leaves EU-15 with a net expormdrgy technology in the order of
45.5 bn€ in 2008. Germany accounted for approximately 40% of the IBUotal,
and ltaly is the second biggest exporter. Energhrtelogies on average accounted
for a little more than 5 % of the total export b&tEU-15 countries (including mutual
trade). See figure 18. For countries like Italy a@ddnmark energy technologies
amount to almost 8% of total exports. For Denmagkéxport of oil and gas amounts
to a similar percentage. Furthermore, both Dennzardt Italy have experienced a
significant growth in the export of energy techrgiés in the period 2004-2005. At
the other end of the scale is Ireland with a very éxport of energy technologies and
even a declining rate during 2004-05. Also Belgiumxembourg, Spain and Portugal
seem to fall further behind the EU average. Ondtier hand the Netherlands and
partly the UK are catching up. No data are yetlab# on the distribution of this
export over different energy technologies.

8 Data made available from Danish Energy Authaaity Statistics Denmark, 2007.
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Figure 18: EU countries’ export of energy technolog (% of total export) in 2005 and the
relative change (in % of energy technology exporluring 2000-05
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Source: Dannemand Andersen (2007), based on data Dranish Energy Authority and
Statistics Denmark.

Market shares

The market shares of individual firms and countrissalso an indicator of
competitiveness. Trade literature often liststthe 10 firms in a certain technology
and the country of their main presence. A varidtyansultancies provides annual
updates on markets and industrial development fostmew energy technologies.
The consultancy BTM Consult provides an Annual Markpdate for Wind Power
and Johnson Matthey plc provides an annual Fudl elay Worldwide Survey.
Table 9 depicts such a list for wind turbines. Ae table indicates, European wind
turbine suppliers seem very competitive but withgéadifferences. Firms such as
Vestas and Siemens produce almost solely for tbbafjlmarket whereas smaller
firms such the Spanish firm Acciona and the Indiam Suzlon have a very limited
presence in the world market.

19 see: www.btm.dk and www.fuelcelltoday.com
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Table 9: Market shares of 10 leading wind turbine sppliers

Firm Country of | Market Market Export  in | Export
name main share in | share in| 2006 in MW | share in
presence 2006 in| 2006 in % 2006 of total
MW production
Vestas Denmark 4339 28.2 4228 99.7
Gamesa Spain 2346 15.6 1385 59.0
GE Wind | US 2326 155 1205 51.8
Enercon Germany 2316 154 1461 63.1
Suzlon India 1157 7.7 227 19.7
Siemens Denmark 1103 7.3 1103 100.0
Nordex Germany 505 34 400 79.1
Repower Germany 480 3.2 281 58.5
Acciona Spain 426 2.8 53 12.3
Goldwind | P. R. China| 416 2.8 0 0
Others 689 4.6
Total 16006 107

Source: BTM Consult, 2007. For technical reasonglé&ned in the source) the totals
amounts to more than 100%.

A problem here is, of course, the increasing irgtamalization of industrial
production, which makes it difficult to define thationality of large firms.

Share prices

The development of share prices at the stock masket related indicator. Share
prices reflect perhaps more the market expectatirsiture competitiveness than
competitiveness today. Wind turbine manufacturachsas Vestas Wind System A/S
(Denmark), Suzlon (India), Nordex AG (Germany) &dmesa Eolica (Spain) are
independently listed at international or natiortatk exchanges. Other firms such as
GE Wind (USA) and Siemens Wind Power (Denmark aedi@ny) are fully owned
subsidiaries of large engineering conglomerates ahneir performance and
competitiveness within the wind power sector is rekadowed by these
conglomerates’ general performance. For privatebyned firms or firms with no
publicly traded shares, such as Enercon GmbH (Geyjnahare prices are also
difficult to estimate.

Job creation

As job creation is high on the political agendaniany countries several energy
technology action plans and roadmaps have considie employment effects of
increased use of the technology in question. Asxample, the European Wind
Energy Association expects that up to 368,000 yalishe created in the EU between
2000 and 2020, assuming that wind power is expatalpdovide 15% of the Union’s

demand for electrical power by 2020. Other indusirganizations have put up
similar figures. From a macro economic viewpoali greation is not in it self an aim
for governmentl science and innovation policy. Maeconomists put more focus on
improvements of the productivity of a sector oraéion.
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Innovation System Indicators
In the context of the European Environmental Tetbgies Action Plan (EU ETAP)
a variety of investigations have been carried outhe concept of “eco-innovation”
and indicators for thfS. Researchers at Riso who were engaged in this &ype
research used the innovation system model, whiey diperationalised as follows:
1) Knowledge creation
a. Governmental R&D expenditures
b. Private R&D expenditures
c. Publications, citations and patents
2) Actors (industry, markets, institutions)
a. Venture capital and IPO Value
b. Markets size and market growth rates
3) Actors’ mutual interaction
a. Co-authoring and co-patenting
b. Joint R&D - participation in governmental (or imetional) R&D
programmes
c. Tech-trans schemes

Governmental R&D expenditures for energy

This relates to governmental expenditures for energlated research and
development within an area of energy technologyeBament expenditures can be
found in IEA Energy Technology R&D Statistics tlae based on information from
the individual IEA member countrigs The quality of these data can be questioned
but it is the best available today. Data are ab#glsince the 1970s for most energy
technologies. For several newer energy technolpgigsh as fuel cells and hydrogen,
data have only been included since 2004. An impbmate is that only OECD/IEA
members contribute to these statistics. Countngeh s1s China, India, Russia and
Brazil are not included in the figures. Especiallythin recent years quite an effort
has been made in energy related R&D in these desntin figure 19 governmental
R&D expenditures for wind energy in the period 12905 are used.

Private R&D expenditures for energy

Several studies have tried to assess private séfatms’) expenditures on energy
related research and development but accessibilityomparable data is usually a
prohibitive fact. One such study is the EU FW6 podjSRS NET & EEE (Scientific

Reference System on new energy technologies, eeadpuse efficiency, and energy
RTD). As the project is ongoing no results areaxetilable.

Publications, citations and patents in energy tebgy

The number of publications and citations withinaaea of energy technology can be
extracted from different databases. Such biblioicetffer an easily accessible and
well described (and often criticized) indicatortdtds are also a relatively accessible
indicator. But the problem of defining search woirsl€ommon to both bibliometric
and patent data. Experts from the field of sciemue technology in question must be
involved in the process of defining adequate seamids. Bibliometric searches are
usually carried out in the Science Citation Inderd dhe Derwent World Patents

20 Andersen, M. M.: Eco-Innovation Indicators. Eurap&nvironment Agency, Copenhagen, February
2006.
2L On-line access via: http://www.iea.org/Textbasesgtd.asp
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Index, both of which are hosted online via STN tn&tional. In figure 19, indicators
for wind power, the following search words weredise

» Science citation index: wind power(5w)plant? or é{tsw) turbine?

» Derwent world patents index: wind power(5w)plant®mnd(5w) turbine?
Values comprise a time span of 1996-2006.

Venture capital and IPO Value

Venture capital attracted to an area of technolegglso an interesting indicator but
again accessibility of comparable data is a problédmrecent report from the
consultancy New Energy Finance has analysed issigFsas venture capital, private
equity, incubators and investments funds in tha afesustainable enerﬁyThe IPO
value in the energy technology area boomed in 2006 an increased of 156%
measured at a global le&ISolar energy and bio fuels are the primary dgvameas
in this (Lux Research 2007). In Denmark, venturpite& investments in renewable
energy and other eco-innovation areas have dewelispen being almost invisible in
the general picture of the venture area in the 18@0s to accounting for 7% of the
investments in 2006 (Veekstfonden 2007). Venturetalapnd IPO value might also
count as an indicator of firms’ or sectors’ comfpetiness or at least as the market'’s
expectation of future competitiveness.

Market size and market growth rates

While several market indicators are mentioned terditure, in this context we will
focus on only one indicator: market size and magtetvth rates. For most energy
producing technologies trade literature lists cuated installations in MW and
installations in the most recent year. Informati&e this is usually available and can
be broken down between countries and regions. Madan be broken down into two
types: energy markets (e.g. bio ethanol) and tdolggomarkets (e.g. equipment or
plants for producing bio ethanol). From an enesgphhology perspective the latter, of
course, is the most important — provided the degasailable.

In figure 19 the cumulated installed capacity in ®Wthe end of 2006 is used as an
indicator for market sizes for wind turbines. Adliial annual installations could also
be used as an indicator.

22 http://www.unep.org/pdf/SEF|_report-GlobalTrend3ustainableEnergylnverstment07.pdf
23 Initial Public Offering (IPO) is the first sale sfock by a private company to the public.
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Figure 19: Example of overview indicators for windenergy technology**
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Source: Dannemand Andersen (2007)

Interaction between actors

Indicators for interactions between actors areidaliff to find within traditional
statistical accounts. Concerning knowledge produgtbibliometric indicators such
as co-authoring and co-patenting in the future migh developed as useful tools.
Useful information about joint (science and indylstesearch projects can be drawn
from databases over projects within public R&D pemgmes (e.g. EU Framework
programmes or national programmes).

The table below is an example of some of the redudim an investigation of this in

Danish energy R&D programmes. It shows that thezesggnificant differences in the

patterns of public-private co-operation within difént areas of energy technology. A
considerably larger share of projects in the wimgrgy area than in the area of
hydrogen technology includes co-operation betweelstrial companies and public
research institutions. However, there is a largare of other kinds of public-private

co-operation in the hydrogen area than in the véreh. This can be, for example,
joint projects between private technology devels@erd regional authorities.

Table 10: Share of projects within the national engy R&D programmes that involve
co-operation between actors of different types

Co-operation Other public-private Other co-operatiornT otal
between business aco-operation across actor types(N)
public research
Hydrogen 36% 16% 9% 44
Wind 57% 2% 15% 46

Source: Borup et al ( 2007)

24 Indicators for wind energy technology. Installasaefer to cumulated installations of wind turlsine
in GW and manufacturing refers to home countryeafling wind turbine manufacturers.
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A more general picture of the patterns of interacthetween actors can, for example,
be found through questionnaire surveys or telephioterviews with the actors
involved in energy area. Here one will also be abldind significant differences
between the interaction patterns in different epesghnology areas. For example,
Figure 20 shows which kinds of partners the actaitaborate with in the area of
wind power in Denmark. It indicates that privatesttumers and suppliers and sub-
suppliers of energy technology and componentsherenost significant collaboration
partners, while e.g. public authorities and pubdisearch institutions (“universities”)
have less emphasis; this is also the case if ompaes wind power with the areas of
bio energy and hydrogen technology, which showréguwf around 60-80% on these
two parameters.

Figure 20: Collaboration pattern in the area of wird energy in Denmark

Collaboration pattern:
Wind power

Energy comp. and grid

providers
i 80% )
Competitors Suppliers of energy technology
PHVSES CUSESTIES $0% Component and material
40%, suppliers
20% i i
Public customers . Providers of tgchnologlcal
0% service
NGO's Consulting engineering
companies
Trade associations Universities
Financing companies Public authorities

Source: Borup et al. (2007).

The examples above coviErmalisedco-operation. Many qualitative analyses show
that informal co-operation and discussions in nekwoand larger or smaller debate
forums are very important for innovation. This da@, however, quite difficult to
cover fully by quantitative indicators.

The analysis of innovation systems is best undertaks adynamic, comparative
analysis

6.3. Conclusions about measuring competitiveness

Competitiveness is the ability to compete. It issgible to compete with eco-
innovative products and eco-friendly processes. dlbikty of companies to compete
depends on firms’ internal capabilities and on desexternalto the firms: demand
conditions and feedback from users, factor cométiche presence of related and
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supported industries, rivalry (market power of camips) and the national system of
innovation (education, skills, intellectual properight protection right and so on).

For measuring the competitiveness of sectors, rdiffemeasures may be used. As
discussed, the competitiveness may be measureleobaisis of trade performance,
costs differences, productivity differences. Of sine relative trade performance
(whether a nation exports relatively much compat@ddther nations) is the best
measure.

For assessinfuture competitiveness we may use data on innovation rekpees,
R&D, business start ups, and relative patent adwgst (RPA). None of these is a
reliable predictor because future competitivenels® alepends on institutions,
infrastructure, education, the macroeconomy, remguiaeducation and other factors.
The quality of these can be measured through thbaBICompetitiveness Index, the
Business Competitiveness Index) and the Compatitise Scoreboard. Of course, one
does not know future values and it is entirely gmesthat special institutions and
infrastructures are needed for a new type of devednt.

For assessing (future) competitiveness one shaatldatus on single measures, but
combine different measures. In general costs anmckgrare not good measures
because there may be important quality aspectshwthiey do not indicate. The
revealed comparative advantage (RCA), which isnoftsed, is a better measure for
competitiveness. But this is not a perfect measitteer because it partly reflects
international specialisation. One should thus Ildmyond RCA. Germany has a
flourishing solar and wind power industry, thanksits feed-in law. But because of
the feed-in law German consumers and industry aygng more for electricity than
they otherwise would. The higher electricity castsy hamper the competitiveness of
other sectors, especially of electricity-intensdeetors (unless these have found ways
to reduce their electricity intensity but there nisya cost involved in that as well).
Both effects are difficult to estimate preciselye tonly reliable method of estimation
would be the application of a computable generallégium model.

A clear problem for assessing competitivenessaseho-innovation is not an official
category in trade statistics. We have sales infaondrom companies selling certain
products but such information is not collected eysitically across the EU. As noted,
interesting work has been done by Legler and ogllea for so-callegotential
environmental goods (Legler et al. (2007)). Theyehaalculated RCA and RPA
values for product categories which contain a $aare of environmental goods and
services.

From the CIS it is possible to infaobw eco-innovative firms are innovating (through
technology adoption or technology modification @vdlopment). The results show
that the profile of eco-innovators is actually vetgse to the EU average. Concerning
competitiveness the CIS provides information ondbepe of a firm’s market (local,
national or international), patent activities (ci@s if the firm applied for a patent)
and labour productivity (turnover per employee).

Just as the measurement of eco-innovation callthfouse of different measures, so
does the measurement of competitiveness. Micro-etityeness depends on macro-
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factors and product market conditions. The studycompetitiveness calls for a
multilayered analysis involving different statistic
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7. Conclusions

Eco-innovation is a broad concept comprising mampovations. The typology of
MEI may prove helpful here in categorizing thesd ancreating information for each
of them. According to the experts in MEI, eco-inaten research and data collection
should not be limited to products from the envir@emtal goods and services sector or
to environmentally motivated innovations but shoata/er all innovations with an
environmental benefit.

This has led us to a definition of eco-innovation which environmental
performanceinstead of environmental aim is the main determind&rom our
definition it follows thatanythingcould be an eco-innovative solutias long ast is
more environmentally benign than “the relevantraliéive”. The relevant alternative
may be the technology that is in use in a companthe normal technology in a
sector (gas or coal burning stations in the casdeddtricity generation). Innovations
in coal burning technology qualify as eco-innovatidor example, if they reduce
emissions. Eco-innovation does not have to be tlst renvironmentally benign
option. It is a relative concept. The second thirag follows from this is that the term
“eco-innovation” crucially depends on an overaessment of environmental effects
and risks. For this, life cycle assessment baseahdti-attribute value theory can be
used. Nanotechnology and biotechnologymotentialeco-innovations.

Measuring technological change presents a commadnwail-known problem for
innovation output research. In practice, four défg types of measures have been
used to quantify technological change:

* Input measures R&D expenditures, R&D personnel, researchers,iandvation
expenditures (with and without intangible investinguich as design expenditures
and software and marketing costs);

* Intermediate output measures the number of patents; numbers and types of
scientific publications

» Direct measuresof innovative output: the number of innovationescriptions of
individual innovations, data on sales of new prasluc

* Indirect measuresderived from aggregate data: changes in resoufa@eety
and productivity using decomposition analysis.

Each measure has its own disadvantages and iscsubja particular kind of bias.
Input measures like R&D reflect only the resourassoted to producing the
innovative output, not the amount of innovative puit actually realised. R&D
measures also tend to incorporate efforts madenergte innovative activity that are
undertaken in a formal way, typically within form&&D laboratories. They
underestimate the innovative work in smaller firmdiich is often done on a more
informal basis. Another disadvantage of R&D expamds is that they do not tell us
anything about the nature of the innovations that@oduced and about the social
value of the innovations.

Patents are the most commonly used indicator fooovation output. A clear
limitation is that patents measure inventive rathtban innovative output.
Furthermore, not all innovations are patented. @egson for not patenting an
invention is that the information contained in tm¥ention becomes available to
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imitators. An advantage of patents is that they bancounted. They also can be
classified according to technological area, seaibruse/origin, and innovation
property because the patent files contain a degmmipf the invention. The technical
significance of a patent is difficult to assessrirpatent files (although the description
may give an idea of this); one way around this [@wbis to look at patent citations. A
significant patent is likely to be cited more often

A third possibility isdirect measurement of innovation output using documerdady
digital sources. The advantage is that they measunevation output rather than
innovation inputs (such as R&D expenditures) or an intermediate wtutpeasure
(such as patent grants). Little use has been miattésanethod, primarily because of
a lack of funding and absence of product databastbsenvironmental information.
Environmental reporting requirements may help tatz relevant information, aiding
innovation research. Innovation may also be medsindirectly from changes in
resource efficiency and productivity.

Although some methods are better than others,nglesmethod or indicator is ideal.
One should apply different methods for analyzing-emovation — to see the whole
elephant, instead of just a p&n
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This cautions against the use of one popular mefopaneasuring eco-innovation:
patent analysis. As explained, patents are a medsuarinvention not innovation,

%5 The synthesis report discusses possibilities danttining different innovation measures (input
indicators and output indicators, direct and inclimaeasures).
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many patents have a low value (the majority is us®d), and they mainly measure
inventions that underlie greeproduct innovations andend of pipe technologies
whose environmental impacts are specific aims aotivations of the inventions.

In general thé&knowledge base for eco-innovation is pooOne reason for this is that
eco-innovation is not an official sector. It woddd helpful if it became one. Eurostat
is currently drafting a compilation guide for calleg statistics on the Environmental
Goods and Services Sector (EGSS), so they arereie process of defining the
sector from the activities viewpoint (the NACE cejleThey have defined a “core”
industry group (NACE 25.12, 37, 41, 51.57 and 8Q},the much larger “non-core”
group of industries is yet to be defined. But agl@xed, eco-innovation is best
understood as something broader than productsamitas from the EGSS.

The next Community Innovation Survey (CIS2008) \widlve a special module on
eco-innovation, which in 2010 will produce importamformation about the nature of
eco-innovation and its determinants. MEI reseachentributed to the formulation
of the questions. A limitation remains that th&®hly provides general information
for the company as a whole. It does not give infition about specific technologies
or products.

Research needsire various. One area for future research is theroreffects of
micro-behaviour. Eco-improvements at the micro llelenot automatically lead to
macro-improvements. The links between micro andranare complex for the
following reasons:

» Cost-saving eco-innovations generate wealth thihbe&ispent on goods and
services that have negative environmental impaotsting an environmental
burden in a second round. Prime examples are theftenergy-saving lights
for outdoor lighting and holiday trips involvingrdravel ¢ebound effegt

» Cost-increasing eco-innovations are likely to citwiie more to an absolute
decoupling but at the expense of lower economiwtitroExports yield a
positive economic effect (this suggests that tiessll an important role for
pollution control technologyend-of-pipe solutions) to achieve an absolute
decoupling)

* Many normal innovations qualify as eco-innovatigog being more
environmentally benign than relevant alternatives},environmental gains
will be impaired by economic growth produced bystdnnovations.

* To assess the impacts of eco-innovation one sHoaldat what happens
within and across value chains from resource etitna¢o waste management.

* Micro-behaviour is affected by macro-factors (tazés)

Other topics for research are:

* Measuring the greenness of national systems ofvatian (green taxes,
education, collaboration, venture capital, subsiclyemes, ...)

* Eco-innovation barometer focusing on company beliefating to
environmental issues (cost or opportunity), envinental strategies, eco-
innovation activities and green values

» Lead markets and eco-business (about first mow#saoond-mover
advantages and the role of policy)

» Drivers and institutional barriers of eco-innovatio the field of renewable
energies (a comparative study across the EU, lasedrvey analysis).
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Appraisal of environmental technology innovatiosteyns: competitiveness

assessment and Life cycle analysis

Analysis of national road maps of ETAP, identifyipgst practices and using
these for defining comprehensive policy packageshvphromote and sustain
innovative activity across the chain.

Analysis of CIS data about eco-innovation aspecs)bined with analysis of
framework conditions (assessed outside CIS)

Analysis of when eco-innovation produces a win-win.
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Appendix: summary findings about methods for analys of eco-innovation

Method of | Studies of eco- Indicators Purposes Limitations Possible ways for Possibilities for

analysis innovation using overcoming combination with other

this method limitations indicators and methods

and suggestions for data
collection

Patent Brunnermeier, Patent counts| To measure rate and | Many innovations are not| Careful reading of One could contact

analysis Cohen (2003) citations direction of invention, | patented (they may not be¢ patent abstracts helps inventors and ask

Lanjouw and Mody
(1996), Popp (2001,
2003, 2005),
Marinova and
McAleer (2003),
Nameroff et al
(2004), De Vries
and Withagen
(2005), Verspagen
(2005)

Oltra and St Jean
(2006, 2007)

Important general
studies on patents
are:

Griliches (1990) and
Arundel and Kabla
(1998)

which can be mapped
and can be related to
possible determinants
such as prices,
environmental
regulation and other
types of policy
(through econometric
analysis).

Patents may also be
used to determine
spillover effects, to
monitor diffusion and
to determine relative

strength/specialization

of nations in certain
technology areas.
Patents allow for
comparative analysis
across nations for
technologies, ...

based on an invention);
many patents do not resu
in innovations; value of
patent differs greatly;
identification of eco-
patents depends critically
on search terms; only
suited for technological
innovations, primarily
end-of-pipe technologies
and alternative energy
technologies are readily
identifiable in patent
descriptions; propensity t
patent differs between
sectors and also between
companies (smaller
companies tend to patent
less, unless they have
patent experience).

to determine whether

tpatent is an eco-patern

or not. Value of
patents can be
ascertained through
citations (for older
patents) and by
consulting industry
technology experts;
patents that are not
used should be
eliminated from the
innovation study (they
may be relevant
however for a study
on invention). The
propensity to patent
should be taken into
account.

aquestions about the paten
t(for example to what
extent they are spurred by
specific regulations, the
economic gains for the
inventor, etc.); comparisof
with innovation output
indicators helps to assess
the relevance of patents a
a measure for innovation

The official database of th
European Patent Office is
subject to several
limitations. Main barriers
concern the number of
keywords and IPC codes
that can be included in a
single research (no more
than 5). One can
maximally retrieve 500
patents. It is proposed to
make the database more

ts

n

user friendly.
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Method of | Studies of eco- Indicators Purposes Limitations Possible ways| Possibilities for
analysis innovation using for combination with other
this method overcoming indicators and methods
limitations and suggestions for data
collection
Survey Henriques, Existence of a budget Detecting the Most of the surveys| Use of general| Suggestion to enlarge the
analysis Sadorsky (1996) | specifically related to character of eco- are only point in panel CIS by two additional
Cleff, Rennings | environmental R&D, innovation by many | time sources so that innovation guestions on eco-
(1999), R&D expenditures, total different indicators the dynamic surveys and | innovation
Hemmelskamp innovation expenditures, that can be easily character of eco- adding
(1999) linked with a broad innovation can not | questions on | Joining different sources,
Rennings, Zwick | In the last three years, did yourscale of control be addressed. On theeco-innovation| e.g. the combination of the
(2002) establishment introduce variables such as the | other hand, Mannheim Innovation
Gray, Shadbegian (always yes or no): any environmental policy | especially panel data Survey with a list of
(2003) pollution control technologies; framework, the surveys for eco- Use of suppliers of environmental
Frondel, Horbach,| recycling programmes; new of influence of innovation purposes qualitative goods and services
Rennings (2005) | improved products or services stakeholders and are too expensive | variables

Gonzalez (2005)
Horbach (2006)
Mazzanti, Zoboli
(2006)

Rehfeld,
Rennings, Ziegler
(2007),

Arimura, Hibiki,
Johnstone (2007)

that are more environmentally
friendly than those already on
the market; new or improved
processes with environmental
benefits; organisational
innovations such as
environmental reports, audits,
or management programmes;
new or improved delivery,
transport, or distribution
systems for its products or
services, with environmental
benefits

Environmental impacts of
innovation activities

- motivations on eco-

innovation, firm-level

attributes, commercial

conditions

The inclusion of these

variables allows the
application of
sophisticated
econometric methods

The results of these
analyses can be used

for the amelioration of

environmental policy
instruments

Low response rates
concerning
guantitative
variables, resulting
in high non-respons
errors

Lack of “hard”
information, the
analysis of the self-
perception of the
guestioned firms
may be misleading

Comparison of
the plausibility
of survey
results with
eother eco-
innovation
sources

Adding further information
from official statistics to

survey data

17
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Method of | Studies of eco- Indicators Purposes Limitations Possible ways for | Possibilities for
analysis innovation using overcoming combination with
this method limitations other indicators and

methods and
suggestions for data
collection

Document | Huber (2004) Shares of end-of-pipe and | To determine the nature of There is no Labelling and Innovation output datg

and Newell et al integrated solutions innovation and evolution of universal source of | product information | may be usefully

digital (1999) relevant performance such information; it | requirements (an combined with patent

source Shares according to primary characteristics of actual innovationsieeds to be example is the data and data about

analysis production or base products, It is possible to determine novelty| aggregated from Council Directive R&D expenditures

material processing and
intermetidate products, final
productions and end
products, user behaviour,
consumer practices

Shares of technological eco
innovation according to stag
or life cycle (using categorie
which relate to absolute
versus relative decoupling)
(Huber, 2004)

Evolution of techno-
economic characteristics of
product models: purchase
prices and energy efficiency
(Newell et al., 1999)

and functionality of the innovation
time of market entry and
organisational source
Time series analysis based on
product performance may be use
to determine the influence of publ

- policies vis-a-vis other variables
esuch as energy prices

sOne of the merits is that it
becomes possible to assess the
actual contribution of research
expenditure or patenting activity
to innovation performance. It
would also enable the more
systematic exploration of other
dimensions of the innovation
process such as the role of use
open innovation processes and
non R&D based knowledge
inputs.

, various sources and
interpreted with
some expertise

i Labour intensive to

cidentify relevant
innovations and
scrutinise the
performance

» characteristics

Commensurability
problem

s,

92/75/EEC)

To construct a
‘basket’ of eco-
innovation
indicators with
sufficienty wide
coverage (from
incremental eco-
efficiency
improvements to
radical
transformative
innovations)

Use of digital source
analysis makes it
less labour
intensitve

This way we may
assess the usefulness
of patent data and
R&D data for
measuring innovation
and determine the
actual contribution
from such activities
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Annex Il. List of Business data bases

INTERNATIONAL BUSINESS DATABASES

http://www.yellow-web.com

Asia yellow web

Free access:

Business Directory Singapore and Asia Pacific camgs

http://www.bizweb.com/

Bizweb
Free access:

Is a Web business guide to 46290 companies

Directory listed in 208 categories

http://www.bvdep.com/

Bureau van Dijk
Free access:x
(Priced service with free directory search.)

Directory. (Information for public and
private companies in Europe, US,
Japanese...)

Companies

http://smallbusiness.dnb.com/

Dun & Bradstreet
Free access:x

Companies.
Information for credit, marketing, and
purchasing decisions.

Directory.
Business database.

http://www.factiva.com/

Factiva

Free access:x

Articles (full text news & magazines).

Data (stocks) Companies, Industries, Investment, Management

http://www.globalspec.com/

GlobalSpec
Free access:

Directory of companies, technical articles, For the engineering, industrial and technical
engineering and scientific links... communities.



http://www.hoovers.com

Hoover’s Online

Free accessx

Directory Companies

http://www.infobel.com/

Infobel
Free access:
Directory. Companies and people
p: .kompass.
Kompass http://www.kompass.com

Free access:v and %
Industrial and commercial companies
Directory (Norway, Poland, Portugal, Romania, Russian
Federation, San Marino, Saudi Arabia...)

www.skyminder.com

Skyminder
Free access:x
Directory.

Credit and financial information on companies
world-wide from a variety of sources.

Companies

www.thomasnet.com/

Thomas Register
Free access:
Thomas Register of American Manufacturers
American Directory Resource for finding information on suppliers of
industrial products and services in North America

www.thomson.com

Thomson Corporation
Free access:*

Directory Companies
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EUROPEAN BUSINESS DATABASES

http://www.bvdep.com/en/amadeus.html

AMADEUS
Free access:x

European companies

European database containing financial (10 million public and private companies in 38

information .
European countries)
http://www.bvdep.com/
Bureau van Dijk Free access:x

(Priced service but directory search is free.)

The services containing detailed
information for: 6 million public and
private companies in Europe

European companies

http://company-
Company-World .CO.UK world.co.uk/companies/Europe/Europe comp

anies.html

European Companies directory
Free access:

Directory European companies

http://www.danishexporters.dk

Danish Exporters
Free access:

Directory Danish companies (Basic information)

http://www.europages.com/

Europages
Free access:

900,000 European companies

European Business Directory yellow (Basic information)

pages

http://www.euroyellowpages.com

European yellow pages directory
Free access:
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European Interactive Directories

ICC

The ICC web site offers access to Juniper,
which now provides access to information and
financial data on over 22 million European
companies in UK, Ireland, France, Germany,
Italy, Netherlands, Denmark, Belgium, Austria

and Spain.

European companies
(From Europages Directory)
(Basic information)

WwWWw.icc.co.uk

Free access:*

European companies

11
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