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Abstract

Environmental innovation is an essential part &hawledge based economy, as environmental
innovation makes economies more efficient by ermgimig and facilitating the use of fewer
material or energy inputs per unit of output. Histrespect, environmental innovation replaces
material inputs with knowledge. Environmental imaton should also result in fewer
externalities, or negative environmental impactsiciv affect our health and well-being, also in
terms of global climate change. Technology sluétssed by technological breakthroughs, rapid
changes in demand for resources, or environmemtpératives could also impel societies to
invest more heavily in research on how to use gnangl other resources more efficiently. The
main goal of this paper is to explore and identilevant indicators for environmental
innovation that could be used to develop innovapohcy for all economic sectors, as well as
for the field of environmental technologies. Tigsdone firstly with the help of a qualitative
model presenting the eco-innovation chain. Basetath literature and our data analysis, our
chosen key indicators include measures on: envieoah regulations and venture capital for the
eco-industry; environmental publications, patemtd husiness R&D; eco-industry exports and
FDI; sales from environmentally beneficial innowatiacross sectors; and environmental impacts
related to energy intensity and resource produgtni economies. Finding key eco-innovation
indicators related to such factors is important goticy makers, as environmental innovation
policy is required to counter the two market fagsiassociated with environmental pollution and
the innovation and diffusion of new technologies.

Keywords: Environmental innovation; environmental goods seaxvices; innovation indicators;
CIS; environmental impacts; European Union
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1. Introduction

The main goal of this paper is to explore and idigntlevant indicators for environmental
innovation that could be used to develop innovapoficy for all economic sectors, as well as
for the field of environmental technologies. Wheaequate indicators are missing, due to

problems of definition or measurement, better iattics are recommended.

What makes a group of indicators of value to polilgvelopment depends on how well the
availableinput indicators correlate with, and are causally reldate the desiredutputindicators.

Innovation input indicators usually include aciieg that support innovation, such as R&D,
patents, or investment in innovative activities audput indicators on the results of innovation

expenditures, such as sales or profits from innomabr trade in innovative products.

In addition to indicators on inputs and outputsdenstanding environmental can require
indicators on drivers, facilitators and effecBrivers include environmental regulations and
public opinion, which may affect the level of input Moreover, certain organizational or
management changes can influence the level of reem+ation inputs. We call such indicators
facilitators. Finally, eco-innovation can lead to desired smvinentaleffects such as fewer
material resources consumed per unit of produdramdecline in pollution or greenhouse gases.
Correlation analysis can help explore the linkswieein drivers and facilitators on inputs,
outputs, and effects. Identifying these links catphus pinpoint the key indicators.

Environmental innovation is an essential part @ghawledge based economy (KBE) - it makes
economies more efficient by encouraging and fatitig the use of fewer material or energy
inputs per unit of output. In this respect, ennimental innovation replaces material inputs with
knowledge. Environmental innovation and eco-tecbgels can thus be considered the link
between the EU’s sustainable development stratagytl@e Lisbon agenda to make the Union

“the most competitive and dynamic knowledge-drieeonomy by 2010".

Environmental innovation should also result in fevegternalities, or negative environmental
impacts, which ultimately affect our health and Ivoaing, not to mention the potentially huge
impact of global climate change. Our society vii# more prepared for significant global
changes, environmental or otherwise, if we employirenmental technologies as far as

possible. Furthermore, technology shifts causeteblinological breakthroughs, rapid changes



in demand for resources, or environmental impeeaticould impel societies to invest more

heavily in research on how to use energy and adsziurces more efficiently.

There is much interest in the role of environmergalicy in encouraging environmental
innovation, and also some empirical evidence fa ithportance of policy actions (see e.g.
Ashford et al, 1985; Jaffe et al., 2002; Kemp aoatBglio, 2008; Lanoie et al., 2007; OECD,
2005; and Vollebergh, 2007). As Rennings (200@) daffe et al. (2004) argue, there are two
kinds of interacting market failures involved, oteedo with environmental pollution and the
other with the innovation and diffusion of new teologies. Environmental innovation policy
can help counter these two market failures, but dbeelopment of such policies requires
information on eco-innovation activities. It is Bewhere indicators can help by measuring

factors that help or hinder the social goals ofiremmentally sustainable economic growth.

This paper is structured in the following way. Saction 2 we discuss some definitional issues,
such as what is currently considered environmentedvation and where it takes place. We will
also present a qualitative model of eco-innovatilbat explores the links between different
factors. Sections 3 and 4 discuss the availallityndicators for environmental innovation and
describe the methodology used in the analysesismptiper. Potential environmental indicators
are described in Section 5. Section 6 toucheshenptoblem of causality and continues by
discussing our correlation results. Finally, Smtti 7 concludes by giving some

recommendations for relevant key indicators andudising policy implications.



2. Theory of environmental innovation

2.1 Non-intentional eco-innovation

Environmental innovations do not need to be expjiclesigned to address environmental
issues. In fact, more than half of all technolobicenovations have been estimated to have
beneficial effects on the environment (see e.g. Ke2007). Two recent studies for the
European Commission and the OECD report that theesbfinnovativefirms that do not ‘eco-
innovate’ in any form (intentionally or unintentialty) is only between 20%-30% (Kemp, 2007).
Conversely, intentional eco-innovation can haventamded or unseen negative environmental
consequences. For example, growing crops to miakeets can lead to the destruction of forest
land to grow biofuel crops, releasing substantizdities of greenhouses gases (Doornbosch
and Steenblik, 2007).

Environmental innovation, in its broadest form, limes any innovation that reduces
environmental harm. More specifically, environnaninnovation can be defined as ‘the
production, assimilation or exploitation of a protyroduction process, service or management
or business method that is novel to the firm andcwhesults, throughout its life cycle, in a
reduction of environmental risk, pollution and atinegative impacts of resource use compared
to relevant alternatives’ (Kemp and Pearson, 200Bxery investment that an organization
makes includes a choice (intentional or not) betwemwre or less environmentally beneficial
technologies.

Measuring non-intentional environmental innovatamtivity is therefore crucially important, but
there are some challenges to this. Throughoutirthevation chain (including R&D, other
innovation activities, the diffusion of innovatiyeoducts and the use of innovative processes or
organizational methods), it may be difficult fothar interested researchers looking from the
outside, or managers looking from the inside ofamganization to identify non-intentional
environmental innovations. Secondly, estimatinganetary value for these innovations can be
difficult, since they are often not seen by firnss‘@co-innovations’, nor can they be identified

by using national accounts for sector outputs,esthey occur in all economic sectors.

2.2 The environmental goods and services sector (EGSS)
Although environmental innovation can occur anyvehier the economy, it is also important to

look at the Environmental Goods and Services S€EGISS). Innovation in this sector can be
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assumed to predominantly produce environmentalviatons. When adopted, they count as
eco-innovation (in the sector of use) but the EGB&or may also produce eco-innovations in
the form of environmentally improved products aedvies and create altogether new products
and services. Some of these innovations can lupieno the EGSS.

The Eurostat recently defined the EGSS (Eurost@9pto consist of “a heterogeneous set of
produces of technologies, goods and services that:
Measure, control, restore, prevent, treat, minimisesearch and sensitise
environmental damages to air, water and soil a$ agproblems related to waste,

noise, biodiversity and landscapes. This includésaner’ technologies, goods and
services that prevent or minimise pollution.

Measure, control, restore, prevent, minimise, neteaand sensitise resource
depletion. This results mainly in resource-effitiggchnologies, goods and services
that minimise the use of natural resources.” ()> 29

Therefore, the EGSS is defined to include both remvnental protection and resource

management. Eurostat goes on further to say that:

“These technologies and products (i.e. goods amdces) must satisfy the end
purpose criterion, i.e. they must have an envirartaleprotection or resource
management purpose (hereinafter ‘environmentalqaa’ as their prime objective.”

(p-29)
Eurostat thus defines EGSS to only include interaticeco-innovation, presumably to facilitate

guantifying the EGSS.

In order to measure the EGSS, however, we needmyta basic definition, but preferably also
detailed information on which firms can be clagsifias belonging to the EGSS, otherwise we
have to rely on small-scale surveys and estimategh has, indeed, been the case until recently
(see e.g. Ernst & Young, 2006, Peter, 2006 or ECOT2902)?

The first issue in terms of the general sectorgroduct classification systems is that when they
were first constructed there was no obvious needdssify activities or products in terms of
their environmental impact. Secondly, the envirental industry is rather pervasive, covering
areas that fall within many different areas of #m®nomy. This is similar to biotechnology or

2 The previous definition from the Eurostat and @&CD was from 1999, and did not include these nesou
management activities (ICEDD et al., 2006).

3 For example, Ernst & Young (2006) estimated tha#®2of European GDP is due to the core EGSS. df flae
main EGSS could amount to an even larger shafeeof¢onomy. Currently, the total turnover of ti&3S in the
EU is estimated to be over 200 billion euro, neaflof it within the EU-15.



nanotechnology, which can be used in many diffetectinological areas. As a result, there are
few ‘dedicated’ sectoral classes belonging to fhestEGSS. However, the latest update to the
NACE codes, revision 2 (Eurostat, 20083, slightly better than the previous NACE revisiha

in that it combines a number of environmental ai#is under section E ‘Water supply,
sewerage, waste management and remediation agivitiThis section regroups most of the
environmental activities that were previously citesd under NACE rev. 1.1 divisions E41,
090, DN37 or K74 (Eurostat, 2008 and 2009). Ewventlere are a large number of NACE
codes, where often only a minor part belongs toBG&S (e.g. a fairly detailed, 4-digit NACE
rev. 2 class C28.11 — Manufacture of engines aranes, which includes wind turbines). So,
even the 4-digit level of NACE codes - the mostdetl level used internationally - does not, in

a large number of cases, allow one to separatedéndustry sectors from other sectors.

The EGSS can be looked at either in terms of preduof environmental technology and
services (the traditional way), or in terms of thain sectors of application, for example, those
sectors which would most benefit from environmenéshnology by being very pollutirfgor

the sectors that have the most sizeable impacherenvironment in terms of resource (se.
Often, the same actors can both produce and use dia environmental technology or
products Importantly, Eurostat has recently produced adbank (Eurostat, 2009) for
collecting statistics on the EGSS, and an integaal of the process is a bottom to top approach

of defining the EGSS separately for each EU counffne defining is to be done by using a

* Whenever this paper makes references to NACEmec(letters), divisions (2-digit level), groupsdjit level)

or classes (4-digit level), it specifies whethantlare references to the new NACE rev. 2 or theipus NACE rev.
1.1.

® The CEPA 2000 (Classification of Environmentaltotion Activities and Expenditure, UN, 2001) deyd by
the UN and Eurostat is a very detailed classifisatystem for the environmental sector as regardsanmental
protection activities. Similarly, Eurostat (20Q8pposes CReMA (Classification of Resource Managgme
Activities), adopted by Eurostat from CRUMA (Cldgsition of Resource Use and Management Activithesli
and Falcitelli, 2007), to be used for the resounegagement activities. However, there are no spoedence
tables between CEPA or CReMA, and other, geneaakdications systems, such as NACE, used to §jassi
activities, or CPA (Classification of Products bygtiity) and HS (Harmonized System), used to cfggsioducts.

® Stanners and Bourdeau (1995) identified the falgWACE rev. 1.1 manufacturing sectors as the rpo8uting,
and thus with the quickest and most efficient biefiefm eco-innovation (rev. 2 codes in brackeB.19 Leather
and tanning (C15); DE21 Pulp and paper (C17); DR&8neries, petroleum products (C19); DG24 Chersieal
industrial inorganic and organic compounds (C202@8Cement, glass and ceramics industries (C23pDBasic
metals - iron, steel and non-ferrous metals (C24).

" EEA (2005) summarizes several studies which tigéntify priority areas in terms of environmeritapact.
Taken together, the list of sectors becomes verg &nd so, trying to classify the users of envirental goods and
services in this way is challenging.

8 For example, a large petroleum refining firm cétemm develop environmentally beneficial improvenseinthouse,
and the paper industry regularly produces the gniérgeeds from its own renewable energy sources.



number of different methods, looking at producesgrs, technologies, goods, services and other
activities. The end result should be a datasetaouing individual producers, firms and other

relevant establishments, with their specific NAGHes and other related statistics.

As regards the analysis in this paper, wheneved#ita include specific EGSS related NACE
sectors, the references are to NACE rev. 1.1, ag#ta used for the analysis have only been
available according to this revisidh.Of the sectors in NACE rev. 1.1 that are mostithin the
EGSS, only three have been defined at the 2-cigél] for which data have been generally more
easily available, for example, from Eurostat Newtd® These three sectors are DN37, E41 and
090, now mostly part of NACE rev. 2 sectior’'EAs discussed earlier, much of other EGSS
escapes precise definition within the NACE systdtrtovers firms that are at least partly active
in the environmental protection or resource managgndomain, and it includes firms from a

large variety of NACE groups.

In our paper, some of the indicators are speaifithe EGSS, but the definition of EGSS varies
due to inconsistent data. For example, sometiime® tare only data for a specific part of the
EGSS, such as renewable energy, or pollution cbteahnology, and at other times the data
cover several EGS (environmental goods and sejvésedors, such as exports of EGSS-related

products. Annex | gives details of the indicatoogssidered.
2.3 Inputs, outputs and impacts — The eco-innovatiomodel

Figure 1 explains how the different processes @frenmental innovation are linked, as well as
showing some of the available indicators. We useearironmental innovation, namely
supporting the farming and production of bio-fulglsbeneficial environmental effects. Section
5 discusses the indicators in more detail. As hstiative example, we explain the different

components of Figure 1 using bioethanol and otiauéls.

Concerns over the effects of greenhouse gas prioduch thestate of the environmetmave
bought biofuels back in fashidf. As a result oscientificresearch on climate change anddia

reporting on the sciencpublic opinionas well as decision-makers have put additionalspires

° The process of collecting these data is onlyisgin the EU member countries.

19 NACE rev. 2 will be applied to all economic acties performed from 1 January 2008. The analysishiis
paper was conducted in 2007.

1 A straightforward translation between 2-digit lesivisions in revisions 1.1 and 2 is not possilbleywever.
12 Not all biofuels are current innovations. Thetfar of Henry Ford was fuelled by ethanol (Sas2605).
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on reducing C@emissions from general fuel us&egulation,in terms of required minimum
amounts of biofuel content in fuels and subsidies producing biofuels, has created
advantageousnarket conditionsfor producing biofuels (i.e. their price has goup), and
together these factors have resulted in more Hiotlated innovation inputs, such R&D to
improve the efficiency of amylase conversion ofctao fermentable sugars, produce biodiesel
from algae, or to produce high energy-density @sfirom sugar cane. As a result, the output
of innovative biofuels increased markedly in selerauntries and theprofits from selling
biofuel increased until the start of the currenaficial crisis.

Presumably, the beneficial environmental impacthié change is aeduced amount of GO
pollution from transport and other fuel use, which positadfects thestate of the environment
What firms do with their increasadcomefrom making biofuels can then be positive for the
environment, e.g. they can invest in more efficipraduction processes, or negative, e.g. with
increased shareholder income resulting in more wapson, which is generally bad for the
environment. Last but not least, there awider economic changeabat can either be linked to
the biofuel innovation process, or be totally exuges to it. Examples of endogenous effects
include increased food prices as a consequenceatidg food crops to biofuel production and
investment in developing improved biofuels that capture some of the subsidies that currently
go to bioethanol. An exogenous effect is an in@eéasdemand for biofuels as a result of rapid

economic growth in India and Chiha.

Not included in the above description are innovatiacilitators, or changes in environmental
management or organisational systems. These cdensiaid to be a necessary part of the
innovation process, or to automatically lead taakeco-innovation, but they have been shown

in several recent studies to encourage such iniomv4t

This eco-innovation scheme requires time: the lsom science, drivers and impacts etc. can
take many years. In the data that we include mamalysis, we try to take this into account.

Data availability poses some problem here though.

13 additionally, biofuel production can have direegative environmental impacts, as it is often kel require
intense (mono-) agriculture with pesticides antilfeers (Sasson, 2005).

* Horbach and Rennings (2007) contains an overviestudlies related to this and other eco-innovation
determinants.
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Figure 1. Qualitative model for environmental innovation. Key: dark shading = drivers, light shading =ilftators.
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3. Methodology

Our proposed indicators for environmental innovatover five main categories. The first
consists ofdrivers for example, environmental regulation or publnion, which can affect
the level of innovationnputs,which include environmental R&D and patents, amotitgrs.
Moreover, certain organizational or management gbean(such as EMAS or 1S014001
certifications) can influence the level of eco-imation inputs. We call such indicators
facilitators. Finally, the eco-innovatiooutput indicators, such as investment in the eco-
sector or trade in eco-goods and services, retatdesired environmentaffects such as
fewer material resources consumed, or less pofiudiogreenhouse gases generated. We may
be able to link, with the help of correlations, soof the drivers or inputs to desired outputs

or positive environmental effects. Such linkdpifind, could then point to the key indicators.

In our paper, we have concentrated the indicat@alyars on looking at the correlations
between various indicators (see Annex | for a figl of the indicators) following these

general guidelines:

» Check for normality of the data, and detect cleatli@rs (using skewness values and

scatter plotsy
* Run correlations with all indicators for which wave data
* Include indicators for final analysis with the fmNing criteria:

0 Moderate to strong correlation with the correlatamefficient greater or equal

to 0.5 at 1% level, and greater or equal to 0.68&tevel.

o Number of available data points greater or equahdtf of the maximum

possible number.

0 In the case of similar indicators (same or simitalicator for different years,
preferably with strong correlation between theni@ave only one or two with
the strongest correlations with other indicators eiaclude those that are

possibly redundant.

0 Exclude indicators that do not follow the aboveeria for any correlations.

'3 1n a small minority of cases, data were rescalidereto comply with the normality assumption of Pears
correlations, or to observe the potential differencewdsen using raw data vs. rescaled data.
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As discussed earlier, the time-causality dimengioses an additional problem, as time lags
should be designed to capture the effects of agehbrtween the different types of indicators
(drivers, inputs, outputs etc.). For example, &edrfor 2006 correlating with an effect

indicator for 2000 does not provide useful inforimaf®

With an eye on potential causation, the followirggrelations between different indicator

categories are used to identify key indicatorsefovironmental innovation:
o Drivers and inputs, outputs & effects
o Facilitators and inputs & outputs
0 Inputs and outputs & effects

o Outputs and effects
Finally, a rational basis for the indicators aneithielationships also needs to be established.
The fact that two indicators correlate (even whenttme flow is taken into account) does not

prove a causal relationship.

Of note, the selection of key environmental indicsitis only based on simple correlation
analysis, instead of full regressions to identifg factors that influence desirable outcomes.
We do not conduct full regressions because of #igel number of indicators that are
evaluated in this report and because we do not veaptematurely exclude indicators that
may be of value to policy. For instance, a spegifticator may not have a large effect on
outcomes, but it may be of interest to policy ag patelling the story of how environmental

innovation occurs or it may be amenable to politgivention.

16 However, some correlations between data for yeanKdata for, say, year X+1 could be relevant.
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4. Data availability

4.1 Non-intentional eco-innovation and eco-innovatn outside the EGSS

There are a couple of issues on data availabititgansider. First, there is the question of
what exactly are we measuring, i.e. defining ecwimtion, as discussed earlier. Second,
widely available economic data are rarely desigfzedresearch into environmental issues.
Some data are consequently difficult or impossiblénd. Third, the available data are often

only available at an aggregate level, such as bptcy.

In some cases aggregate data are a problem, bttiers, not necessarily so. For example, if
we look at patent counts, exports, foreign diregestment (FDI) or EMAS certifications, it
would be very useful to have detailed sector lelath, which currently do not exist.On the
other hand, if we look at the energy intensity dfole economies, sector level data are not
necessarily required (although they could, of ceub® used for sector level analysis). Data
such as trade, and especially patent data, caeldnesely precise, but they do not necessarily
map onto NACE classes. Several indicators ardablaiby country for drivers, facilitators,

inputs, outputs and effects, as discussed furth&ection 5.

4.2 Environmental goods and services sector

As noted above in Section 2.2, the EGSS is a cdnoeprogress rather than a precisely
defined set of sectors. An additional problemhiat tpublic databases (such as the Eurostat
NewCronos or the EUKLEMS databases) do not cuyesfter NACE 4-digit level data (or
other similarly precise data), and often not 3tdigvel data either. This means, for example,

that we cannot get data for sectors that are dbfinéhe 4-digit levet®

Most sectors such as recycling or sewage treafrhibratt are entirely within EGSS are service
sectors. This means that data availability problentiscause the EGS sector to fail to capture
innovative processes or products with environmebehefits, as most of these will be

produced in four digit manufacturing sectors, fdnieth data are not available. The new

" 1n some cases, such as with FDI related to environmemdahologies, there is no point in looking at data that
are not disaggregated enough to include separate data fosde@®s.

'8 For example, no data are available for NACE rev. 8c(a46.77, wholesale of waste and scrap - entirely in
the EGSS - or NACE rev. 2 class C28.11, manufacturaegihes and turbines, including wind turbines - only
partly in the EGSS.

91n fact, for a lot of indicators available from NewCronNACE rev. 1.1 division 090 (part of section E in
NACE rev. 2) is not included, as it is considered to betimosthe area of public services, and a lot of the
available data cover only private services.
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method of collecting statistics for the entire EG&flined in Eurostat (2009) will therefore

hopefully be a major improvement and offer morenthest a glimpse of the true EGSS5.

4.3 Impacts and the time dimension

It would be most useful if indicators for both eomovation inputs and outputs were
available for the same industry and over severatsye This would enable us to track the
effect, over time, of eco-innovation on outcomésmost cases, however, time series data are
unavailable. We can assume that any eco-innovéaiangood thing, but we may not be able

to establish a cause and effect relationship witiputs.

The need for a time dimension poses some additiodllems, as sometimes there are only
very recent data available for a driver and onliedalata for an effect indicator. Looking at
the relationship between such indicators is ofteglavant, as the driver should precede the

effect and not the other way around.

2 For example, up to now, there have been data available onalatieestment in the two main EGS sectors of
NACE rev. 1.1 divisions DN37 and E41 (both part of section RACE rev. 2), but as mentioned these are only
a part of the EGSS.
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5. Examining the indicators

We evaluated forty-five indicators in total and badata for thirty-nine of them (twelve
drivers, three facilitator indicators, five inputdicators, eleven output indicators and eight
effect indicators). All the indicators consideliecthis paper are described in Annex I. The
correlation tables (Tables 1la to 1e) in Sectiomdude correlation results with twenty-six

separate indicators.
5.1 Innovation drivers
Public attitudes and behaviour

The Eurobarometer surveys measure public opiniothenEU on a wide variety of issues.
Some of the surveys include questions of relevameesearch on environmental innovation.
We have extracted the results of Eurobarometertigmsson the following: preparedness to
pay for renewable energy, acceptance of renewatdegg sources, importance of reducing
national energy consumption, importance of enegdgted research in the EU (2 surveys);
and the importance of factors in choosing one aadtehover another (factors such as whether

the cars are environmentally clean and how muchtifigr consume).

Public opinion, of course can differ from the casteractions taken by the same public. For
example, are public attitudes to renewable enemgources positively correlated with
people’s choices of energy for their homes? Araaye car fuel consumptions related to the
public attitude question on choice of car modetsjmpeople still prefer to buy SUVs, even if

they say they do not?

Figure 2 on how concerned Europeans are aboutteliokeange shows also that a number of
factors can influence public attitudes. The higtier latitude of each nation’s capital, the
lower the level of concern over global warming. Btimavians are among the least
concerned, even though they are widely perceivedstasngly in favour of reducing

greenhouse gas production. Expressions of peoptegiserns may be conflicting and not be

wholly consistent with their true preferences.

Ideally then, data on public attitudes should alvhg compared to hard data on actions, in

order to see whether attitudes are followed updunysions.

Incentives offered by governments to change belaviould probably bring the public more

in line with what they say they wouideally do. In any case, public attitudes (and behaviour)

17



are likely to have some effect on government reguia, as well as public and private

investment in eco-innovation.

For this paper, we obtained data from six survegsspecified above), but unfortunately we
have not been able to find adequate data on rdldeiravioural aspects. Nonetheless, the
available data can be examined against other &lmiladicators’

Figure 2. Warming by concern.
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Environmental regulations

Government actions in their various forms (from neoand-and-control’ regulations to
incentive schemes and subsidies) have a significdlioience on environmental innovation.
There is still an ongoing debate about whetherctstegulation based on limits such as
pollution caps works better than economic incerstisceimprove the state of the environment,
without discouraging innovation. However, along times of the Porter hypothesis, there is a
substantial body of literature (see Taylor et @005 for an overview) that considers
regulatory stringency and anticipation of regulatio be important drivers of innovation, and
there are even those who think that some degraaaartainty about future regulation is good
for innovation (see Ashford, 2000; Taylor et alg03). On the other hand, not all eco-

innovation takes placed to comply with regulatiokccording to the results of the IMPRESS

2L A problem with the current data is that two thirdshefrh are from 2006, which does not fit the driver-input-
output-effect causation assumptions.
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survey (ZEW, 2001), about a third of the most emwvnentally beneficial innovations were

not introduced for regulatory reasons (Arundel,%)00

Another important consequence of stringent enviremia regulation is argued to be the
diffusion of environmental technologies to less a@leped countries. For example,
Constantini and Crespi (2007) offer some empireatience of this in connection with the

Kyoto Protocol and technologies for the productibmenewable energies and energy saving.

We have included six different indicators to repréasthe regulatory push factor of
environmental innovation: an indicator for energy tates, three separate indices from the
Global Competitiveness Report on regulatory stiiryeand clarity’” and two indicators on

the perceived competitive disadvantage from thel neeneet environmental regulatiofis.

Market conditions

Market conditions regarding, for example, the cottipeness of environmental technologies,
whether it is economical for large firms to develogw (environmentally beneficial) process
technologies, or whether venture capital firms wvillest in certain new technologies, are an

important driver of both intentional and unintentb environmental innovation.

Such data are rather difficult to come by and hezdfore not evaluated here. However, data
on venture capital could be used to track enviramtally innovative start-ups. No data seem
to be currently publicly available at the requi&diropean) level, but the European Venture
Capital Association (EVCA) has provided, since 208dme data under the term ‘energy and
environment’ which includes information on investitge in the environmental sector,
although the data may not yet cover all EU coustramad the precise definition of ‘energy and

environment’ is not publicly availabfé,

22 Only one of these indicators is old enough to fit the tiloe Bispect of driver => input-output-effect scheme.
% The last two indicators are from the 2004 Innobarometeeyuwf/the Eurostat/European Commission, and
therefore also somewhat ‘too late’.

2 However, according to Hernesniemi and Sundquist (2007) AEN&3 engaged in international cooperation to
produce guidelines on what the environmental sector condists

% Some general data are available from the venture tapitgpanies and analysts. Cleantech, for example,
says that European clean energy venture capital investniidnt 0% in 2006 to around US$500 million, when
in North America it almost trebled to US$2.1 billion. 8amfigures are available also from New Energy
Finance, UK VC analysts (Europe lags, China catches upan eleergy race, story by G. Wynn for the Reuters
Environmental News Service on 16/05/07). More recentlyari@@&eh Group (Christensen, 2009) has estimated
that US$1.2 billion were invested in just three montally (in the 2 quarter of 2009). Christensen (2009)
provides a recent case study of Denmark in terms of vecaital investments in EGSS.
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5.2 Facilitators

Environmental management and organisational changes

There is a relatively established source of datarézords of voluntary environmental
management systems for firms. There are two isargly popular standards, namely the
EMAS (Eco-Management and Audit Scheme), which oapplies in Europe, and the
1SO14001, which is a worldwide scheRfeMarinova and McAleer (2006) use these data to
look at country performances, and we have inclutiedh in our paper to see how they fair

against other eco-innovation indicators.

We have also included some data on the Communayladel scheme awarded to products
and services with reduced environmental impactdis Bcheme has been operational in
Europe since 1993, with the first EU eco-label aledrin 1996

Such voluntary schemes cannot be said to be aseggsart of the innovation process, but
they have been shown in several recent studiesdougage such innovation (see Rennings et
al., 2003, Rehfeld et al., 2004, Frondel et al72tand Horbach, 2008J. They should also
help us get a picture of how firms in general aiéing to change to a more environmentally

friendly direction, and how well they respond tdpe demand for such a chanffe.

5.3 Inputs

Environmental R&D and other innovation investmengnd activities

Although there is considerable controversy regardhe usefulness of R&D data to study
innovation, since R&D s far from general innovatioutputs’’ R&D data are widely used to
measure innovation. However, business environrh&&® has been found to be induced by
government regulations and such data, if widelyectéd, could provide another link between
environmental regulation and innovation inputs (see. Arimura et al., 2007).

Unfortunately, data on R&D expenditures for envirmmtal innovation are rarely collected

% The downside to these data is that their popularity fome country to another seems to vary widely, and that
sectoral level data are not publicly available. Someosaldevel data for the 1ISO14001 can be obtained from
the 1ISO Central Secretariat in Geneva, but this is net fRarthermore, EMAS data are, in practice, currently
only available for the EU-15, as the new member staggs able to receive certifications only from the start of
their EU memberships.

" The twelve new EU member states have only been able iveeneards from the start of their membership.
2 See Horbach and Rennings (2007) for a literature overview

2 However, as the IMPRESS survey for the European Cosionigsee ZEW, 2001) found, firms are only likely
to develop environmental innovations voluntarily if thare no substantial negative impacts on costs or quality.
30 Moreover, the standard R&D surveys are criticized for undetashg R&D performed in smaller firms and
overestimating R&D elsewhere due to definitional issuesiiiKiecht et al., 2002). In fact, Kleinknecht et al.
(2002) argue that innovation surveys, which could also easilyde questions on environmental innovation,
may provide more accurate data on R&D.
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from businesses (see Fukasaku, 2005, for a diszusgth some data), and the collected

data can also be unreliable.

Some public environmental R&D data do exist, maimiythe form of government budget
appropriations and outlays (GBAORD). Public enmimental R&D is usually firmly linked

to environmental regulations. The only data predidy Eurostat are on regulation-related
environmental R&D. We have included such data fieumnostat in this paper to look at how

it correlates with other eco-innovation indicattfrs.

One option for measuring the science base for enwiental innovation is to use data on
environmental innovations from trade and other jgalibns. Examples include the LBIO
(literature-based innovation output) method basegmduct announcement sections and/or
advertisements for new technology in trade pubbicat or EPD (environmental product
declarations). Such data offer the benefit of iiflging specific technologies and providing
an indicator for the market in environmental tedbgees. The downsides to LBIO data are
that not all firms publish or market their eco-ination products equally and that process
innovations — particularly important for environnt@ninnovation - tend to be omitted from
such dat&® In this paper, we have used publication data fReter (2006) for the EU-25 to
see how it compares with other eco-innovation iathics.

Finally, not all innovation requires R&D, or resulh publications. For example, production
engineering, or relatively costless changes to yoethdn processes or organizational methods,
could have large environmental benefits and notiregany R&D. Additionally, firms can
buy new technologies developed by suppliers, mdstwbich will be better for the
environment than older technology. To include saaéa on these forms of innovation
investments, we use two indicators from the Comiyuklrinovation Survey (CIS) on the

acquisition of innovative machinery by firms.

%1 The few exceptions of countries which collect data onrtessi environmental R&D include Canada (Arundel
et al 2006) and the United States. The US Departmenmmit@rce included questions on the percentage of
domestic and foreign funded R&D that ‘had environmentatgatmn applications, including pollution
abatement’ in the 2008 Business R&D and Innovation Survey.

% The Stern Review (Stern, 2007) includes a discussion drettds and quality of data in both business and
public R&D on energy. The author also reviews the reasondimwhy might not be willing to invest in energy
R&D. Fukasaku (2005) includes data which indicate that prevat@onmental R&D expenditures are in some
countries larger than public government budget appropriations.

% 0On the other hand, Peter (2006) notes that environmemtats innovation, which would mostly not show up
in patent data, can potentially be captured by using publicdta.
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Patents — within or outside EGSS
Patent databases are a possible source of indicat@nvironmental innovatiott.However,
it is difficult to use patent data to construct eommental innovation indicators, with the

exception of the EGS sectors.

One of the benefits of using patent data to stutgrenmental innovation is that the detailed
classification systems make it comparatively easyidentify intentional eco-innovation.

Moreover, patent data can help track global diinsof technologies, which is particularly
important in eco-innovation. Lastly, patent datalthough still considered to represent an
input indicator here - are closer to markets arel dhtcomes of eco-innovation than other

input indicators such as R&D expenditures.

One of the main limitations of patent data is thatents vary greatly in their importance and
probability of commercialisation. This can partly borrected by using patent citation data or
triadic patent familie€> which generally include only the more economicatyportant
patents’® Particular to environmental technologies is #mué that patenting seems to focus
on products, rather than processes, whereas emamtal innovation is currently particularly
important for process innovation based on cleanlyotion rather than end-of-pipe solutions
(Popp, 20055’

Both the OECD and Eurostat have recently set ugelpatent databases with data download
possibilities®® However, it is still difficult to identify patentfor environmental inventions.
Researchers must either perform labour intensitenpaearches or rely on others who have
done so before. Unfortunately, this group of redears is still relatively small. One
pioneering work is by Lanjouw and Mody (1996), whr@vide a list of 40 IPC patent codes

for various environmental technologies.

This paper uses data from the OECD (2006) to catleidountry specific indexes for specific

environmental technologies. The results show Batmany was the top patentee in

% Qltra et al. (2007) offer a thorough overview of usingepts as an indicator for eco-innovation.

% However, when using triadic patent family data, one reat in mind that the patent counts are likely to be
considerably lower than those from single national pat#fices (Popp, 2005).

% Kleinknecht et al. (2002) discuss other problems with paketa, such as under or over estimation due to
higher or lower patenting thresholds for certain kindsashpanies or certain kinds of technologies.

3" Furthermore, as environmental innovation is often imfteel by regulation, there may be problems using
international patent offices or triadic patent family dataeco-innovation research. Environmental patents are
likely to appear there only once it pays to patent in rntima just one country, e.g. once specific related
regulations apply elsewhere as well. Such patent data maydieenot be ideal for identifying first-movers in
environmental technology (Popp, 2005).

3 Within the Eurostat PATSTAT database, data can be fighbased on nationality, 2 or 3-digit NACE
manufacturing class, 2 or 3-digit IPC class, or ceritégh-tech fields.
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environmental technologies between 2001 and 200&8ghted by population size, the top
patentees were Finland, Germany and Austria. TBED (2006) report also found that
patent counts for environmental technologies hareegip globally in the past 10 years or so
and can be expected to climb further. This is duarntincrease in clean production processes

and clean products, as patents for end-of-pipentdolgies have been declining.

5.4 Outputs

Intermediate energy and material inputs
We have included data in our analysis from the EBKIS database on intermediate energy
(IlE) and material (IIM) inputs into the economyThese data are available at both the

national level and for broad sectoral levels.

We have also included data from Eurostat NewCramosenewable energy shares in total
electricity consumption. These data are availélylerery broad industry categories, but for
our purposes, we have downloaded them at the mtlewel. Similar to the intermediate
energy and material input data (lIE and 1IM), timsglicator can be used either as an eco-
innovation input indicator (as energy in generahmsinput factor), but it can also be seen as
an intermediate output indicator for environmentalovation — the higher the share of
renewable energy inputs, the lower the environni@émtpacts from production, households

etc. This share is expected to increase in thedupartly due to EU targets.

Sales and profits from environmentally beneficialnovation

There are some estimates at a country level fessal EGSS products, but no estimates (or
actual hard data) exist for profits from environtadly beneficial innovation across all
sectors of the economy. This type of data coulddyg valuable, and the topic could perhaps

be included in one of the EU-wide surveys on intiova

Growth of EGSS
There are several kinds of investment data thatraevant to the EGSS, although data

availability poses serious limitations.

Data on foreign direct investment (FDI) in enviraemal technologies would be very
interesting to have, as it would also capture difin. However, up to now the sectoral

disaggregation available from international soursesh as Eurostat or UNCTAD, has not
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been detailed enough to look at even the main E&®s (with NACE rev. 1.1 codes DN37,
E41 and 090, currently section E in NACE rev®%).

There are some data available on national invedtinetne EGSS. Eurostat has provided
data for two of the main EGS sectors (NACE rev.IN37 and E41, now section E in NACE

rev. 2). These data are included below.

Another way to look at investment in the EGSS isldok at environmental protection
expenditures at a sectoral or national level. &lss covers PACE (pollution abatement costs
and expenditures), and is a rather common meaduemvaronmental innovation used to
indirectly estimate the effect of government regataon innovation (see e.g. Arundel et al.,
2006, Brunnermeier & Cohen, 2003, and Lanjouw ardijyl 1996)*°

Eurostat provides data for three indicators untder ¢ategory collected mainly by surveys:
investment in equipment and plants for pollutiomteol, investment linked to cleaner
technology, and total current expenditure on emvitental protection. All data are provided
for total industry (NACE rev. 2 sections B, C anjldhd at the national level (or both), and
are used in this paper to evaluate the usefulniesgod indicators for tracking environmental

innovation.

Generally, a link between increased environmemabvation (measured by patents) and
pollution abatement expenditures has been establishthe literature (see e.g. Brunnermeier
& Cohen, 2003).

Yet another way to look at investments in the E@&® could be more useful in the future is
to look at projects under international schemes siscthe Kyoto Protocol. The international
clean development mechanism (CDM) projects thatutadler this Protocol are registered by
the UN and represent environmental investments fdeweloped economies to developing
economies. They would therefore be particularlyeriesting for studying innovation.

Currently, however, the number of projects regedeis still not very large, and although

national level data are available in terms of nurmloé projects, the sizes of the projects vary

greatly, and cannot be accurately allocated to @mg country:’ If more detailed data

%9 Some data for NACE rev. 1.1 division 090 (sewage afuseedisposal) have been available.

“0Lanjouw and Mody (1996) note that these data are partiguiseful, as they capture ‘not just regulation but
monitoring, enforcement, and the strength of marketplacalsigip. 554). However, Arundel et al. (2006)
make the point that such expenditure costs do not refleicigsamade by eco-innovation.

“I However, if country level data were available, it wbhk possible to calculate the size of projects by CERs
(certified emission reductions), each of which equats®tonne of CO2 reduced. This could then be divided,
for example, by each country’s CO2 emissions.
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become available, and if the numbers build up diier next few year¥ this could be a

valuable data source for measuring the diffusioarafironmental innovation.

Finally, there are some ways to measure the pemasss of the EGSS, in other words, how
large the main EGSS is, how widely certain methmdsneasure all firms’ environmental
performance have spread, or how many industriahsfitake producing environmentally

friendly products seriously.

One way suggested by Marinova & McAleer (2006)xplere the first point above is to look
at long-established internet sites providing infation about the eco-industry. The Green

Pages Www.eco-web.com (based in Switzerland) has provided a high qualatabase for

environmental technologies since 1994, with lising thousands of eco-industry companies
from all over the world, with 2,600 (38%) basedEuarope®® Marinova used data from this
website to analyse eco-innovation at a countryljewred similarly we have extracted data for

this paper for all 27 EU countrié.

Trade in EGSS products

International trade in environmental technologigsvigles a measurement of diffusion.
Exports from the EU-27 to the large and rapidlyvgrg economies of China and India seem
particularly useful, especially since the EU ecduistry is export-oriented and China has long
been an important trading partrfér.The current WTO trade negotiations are meant akem
international trading in environmental goods and/ises easier, although the recent stalling
of these negotiations probably has hurt the exparthustry due to high tariffs for

environmental goods in most developing countrieSGO, 2005

Several large databases contain fairly detailed datsuch exports (most importantly, the UN
COMTRADE database and the OECD international treistics database). The main
limitation is that trade data are based on prodisdsifications and there is no agreed and
high quality list of product codes for the EGSSheTOECD and APEC, among others, have

each produced a separate list of products that baveonmental uses. The two lists are

“2 Currently, only 8 EU countries appear to be represented iteiae

3 The database is vigorously updated, with an average agérufdisf only 253 days.

“4 However, these data are for 2007, which does not legvebam for the time lag between outputs and effects.
“5 Europe lags, China catches up in clean energy race bst@y Wynn for the Reuters Environmental News
Service on 16/05/07.

“6 There are, however, arguments that in the future, Chinyabm concentrating on creating its own technology
more than importing it (see source in previous footnote), amlgefumore, that selling high tech products,
including environmental technology, to China is becomingeiasingly risky, due to violations of intellectual
property rights inside China (Copyright fear hamperst&etimate work in China, story by G. Wynn for the
Reuters Environmental News Service on 17/05/07).
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together called the OECD/APEC list, with nearly 208ique HS 6-digit codes (see e.g.
Steenblik, 2005, for the lists). However, the mdiawback of such lists is that many of the

products have multiple uses, only one of which meyenvironmentd’

If we assume that the product code list providesiaively good representation of the EGSS,
we can calculate export statistics for the EGS#& femmch EU country to China and India.
Such data from the COMTRADE database are usedsmp#per’®

Other ways to get around the product orientationtrafle statistics include constructing
indicators such as ‘revealed comparative advantdB€A) and ‘relative world shares’
(RWS) (see Legler et al., 2003). Peter (2006) sititat such indicators can be considered
more meaningful, being that the EGSS product graygpare not accurate. We also use RCA
and RWS data in this pap&r.

5.5 Effects
Energy and material intensity

Several indicators have been developed to meabkereriergy or material intensity of an
economy, both in terms of what goes into the ecgnand what comes out of it. The ‘input’
indicators can be used as intermediate eco-inmmvatutput indicators, and the ‘output’
indicators can be used as effect indicators touatalthe likely environmental impacts of

economies in general, and environmental innovatioparticular.
These data are extracted from the following sources
* NewCronos: national energy intensity;

» Data in van der Voet et al. (2005) on national vese productivity (GDP per DMC —
direct material consumption, data available for EUat national leveli° also measures
decoupling between economic growth and environnhénizact;

* NewCronos: CIS-3 and CIS-4 data on environmentadiyeficial effects from product

and process innovation (reduced materials/energymieoutput)>*

*" Trade and Development Board (2003) discusses the linmigatibthe list in more detail. The World Trade
Organisation (WTO, 2005) has produced a similar list wittilar drawbacks, discussed e.g. in Eurostat (2009).
“8 Since a product code list is far from accurate, takisgraple of a few core eco-industry products might
provide better, although more limited results. A reporEhyst & Young (2006) has compiled a list of 20 or so
EGSS product codes and uses this list to estimate traiitics for the EGSS. Once the Eurostat (2009)
handbook is in use in all EU countries, more precise ntsniidl be available for the EGSS.

“9However, the problem is that these data are for 26@Dthas does not fit the time dimension of our study.

%0 These data are for 2000, again, a problem, as thisaffect indicator.
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The benefit of the CIS data is that they are alswiged at a fairly detailed sectoral level, as
well as at the national level. However, as mokeptncluded indicators are only provided at

the national (or very broad sectoral) level, thiteiss useful.

Pollution and waste levels
Another output measure for environmental innovai®the level of pollution or waste and

changes in such levels.

In this paper, we have included weighted data fer EU-27 on air emissions, namely
greenhouse gas emissions (including all six gasdbe Kyoto ‘basket’) and emissions of
acidifying pollutants (ammonia, sulphur oxides amtfogen oxides), as well as data on

amounts of waste generat&d.

Other innovation effects

The Community Innovation Surveys (CIS-3, CIS-4 db 2006) include questions on

effects from product and process innovation, namety reduced environmental, health or
safety impacts and on meeting regulatory requirésneiVe have included CIS data in our
paper to see how they correlate with the othercitdrs>® The data on environmental

impacts could also be used to identify unintentioeeo-innovators in all sectors of the

economy. The disadvantages of these data are¢himatmpact question also refers to health
and safety impacts, and the regulation questicgrsdb all regulation, not just environmental

regulation>*

*1 These data can also be used to identify unintentional ecwstion.

%2 A common problem with these data is that they do xienel beyond 2004 (waste until 2003). This does not,
in some cases, allow for a time lag between driverstémgd outputs on the one hand, and effects on the other.
%3 The CIS-3 data do not allow for a time lag, as they@r@®00. CIS-4 data are for 2004. The CIS 2006 data
were not yet available for most EU countries when the analysesconducted.

*¥ The question on impacts has been corrected for CIS 2008, alsizincludes a separate module on
environmental innovation. The results are not expectedlatai?010 at the earliest.
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6. ldentifying key eco-innovation indicators

6.1 Issues with causal linkages and correlations

A positive or a negative correlation does not pr@aecausal relationship between two

indicators. To give some examples related todpéetat hand:

Increases in income usually result in greater egoéd damage, even as per unit damage
may decline. Income increases would therefore dsttigely correlated with ecological
damage, although they do not directiguseit. Rather they cause more consumption,

which then tends to increase pollution;

An indicator on trade might correlate positivelytlwan indicator on greenhouse gases,
although increased trade as such would caatsethe GHG increases (compare trade
across a border with trade across continents)ti®igeneral increase in transport from

trade does;

Data on patent counts might correlate positivelthvdDP data, but this does not mean
that more patentsauseGDP to rise (or the other way around), they cast he linked

with another indicator, such as increases in intiomaxpenditures.

Moreover, two indicators often share a common denator, which causes the correlation.

Some examples include:

An indicator on investments in pollution controluggment might correlate positively
with amounts of acidifying pollutants, which seerather odd. However, looking further
into the indicators, this correlation could be @by the fact that both indicators include

elements of, say, GDP in them;

Many index indicators have been built in quite anptex way, and it can be difficult to
exclude correlations between such indexes and atderators that might be caused by

some common data used in both.

Other factors that make it hard to see whetherreelation (or the absence of one) is true or

not include:

Too few cases;

Outliers in the data.

Finally, we are examining a rather complex chaifactors potentially influencing each other

(from drivers to inputs (with facilitators in between) tooutputsto effect3, and the further
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from each other any two indicators are in that chtie less clear it is that correlations are in

fact proof ofanykind of a relationship between the two indicators.
6.2 Correlations from current data

Given the above constraints for the analysis, Tabéeto 1e show some of the correlations for
evaluating environmental innovation indicators. eThll correlation table included all the
indicators for which we had data and for all yedirsm 2000 onwards). The reduced tables
have been produced based on the principles stat&@#étion 3, so, only higher correlation

coefficients are reported.

The full definition of each indicator in Tables fiale can be found in Annex I, using the

indicator number. Annex | also gives results foumtry availability for each indicator.

In general, if the driver, facilitator and inputdinators are adequately measuring the output
and effect indicators, we should detect some p@sibr negative correlations between
indicators belonging to these grouisNegative correlations are appropriate in casesrevh
an input indicator is measuring some aspect of vation, and an effect indicator is
measuring pollution. Those indicators which we ldoexpect to correlate negatively with

innovation-related indicators have been markedratgly in Tables 1a to le.
The following discussion is based on indicatorswiite strongest correlations.

Drivers

Table 1a. Significant Pearson correlations between driverand other indicators.

Indicator name Indicator year|  Indicator [att_clean_tfatt_wind_efienergy_tax] ERRI_01 |reg_comg
(vertically and horizontally) type _RD 02 | ergy 06 02 _prod_04
Indicator number (vertically 1.4 1.2 2.1 2.2 25
and horizontally)

att_clean_tr_RD_02 1.4 2002 Driver 1 .664(**)
energy_tax_02 2.1 2002 Driver 1 503(%) .417(%)
ERRI_01 2.2 2001 Driver .664(**) .503(*) 1
reg_comp_prod_04| 2.5 2004 Driver AL7(%) 1]
1ISO14001 0 3.2 200z Facilitatol -.490(*)
1ISO14001_00 3.2 2000 Facilitatdr .553(**)
eco_lbl_04 33 2004 Facilitato .569(*) -.650(%)
publications 0 4.5 2001 Input 579(%) .633(**) .841(*%)
public_env_RD_02 4.1 2002 Input -.506(*)

%5 A number of outliers were removed from the data, ialteight data points. These mostly include data on the
smaller (Malta, Cyprus) or newer (Bulgaria, Romania)rg&mber states.

* Time lags between the groups of indicators also have tckée tato account, as an innovation driver should
not follow an output indicator, rather, the order shoulthieeother way around. In many cases we cannot
assume that an indicator value for year X (which we do hawpse to a value for year X+4 (which we do not
have), and therefore we have to ignore some of the positivegative correlations as possibly not descriptive of
the true situation.

" Some of the results are also based on the entirdatioretable which is not included in this paper. To
explain, in some cases, a clearer pattern between iadicaay be visible in the larger table. This pattern will
then be noted on, but may not be evident in the condensed versisesited in Tables 1a to le.
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env_patents_99_ 03 5.1 1999-2008 Input .783(*)

IIM 04 6.3 2004 Outpu -.626(**) -514(*) -.493(*)
1IM_00 6.3 2000 Output -.561(*) -.452(*)
nat_inv_EGSS_04 8.2 2004 Output -.681(*)
nat_inv_EGSS_01 8.2 2001 Output] -.645(**)
inv_poll_ctr_04 8.5 2004 Output -.683(*) -.496(%) -.625(*)
green_pages_07 8.4 2007 Outpu -.410(*)
expts_china_04 9.1 2004 Output 707(*%) .533(**)
expts_china_02 9.1 2002 Output .693(**) .612(**)
RWS_00 9.2 2000 Output .641(%)

energy intens ( 10.1 200& Effect -.688(**)|  -.588(**)| -.589(**)
resource_prod_00 10.2 2000 Effect .653(*) .758(**) 766(*%)| .602(**)
acid_poll_04 11.2 2004 Effect - 748(*) -.686(**)| -.728(*%)| -.612(**)
acid_poll_01 11.2 2001 Effect - T75(*) -.688(**)| -.747(**)| -.623(**)
impr_ehs_impct_00| 12.1 2000 Effect .495(%)
reg_reqs_met_60 | 12.2 2000 Effect -.614(*) .515(%)

Key: bold = strong correlations; italics = no. afses < half of the max. possible; shading = ‘negatndicator.
* Correlation is significant at the 0.05 levelt@led).
**_Correlation is significant at the 0.01 level {@ied).

# Indicators impr_ehs_impct and reg_reqs_met ardagintiut not entirely the same between the two 1Gifids (2000 and
2004)

Attitudes: The two attitude indicatorsaait_clean_tr_RDfor research on clean transport
and att wind_energyfor acceptance of domestic wind energy) show a #&wong
correlations. When taking the time dimension imttcount, the best correlation is
between the clean transport research indicaatt qlean_tr_RI) and the indicator
acid_pollmeasuring acidifying pollutants (negative corrieladt. Even if we don'’t look at
the time flow, the correlations make sense, althotigey are not numerous. A
relationship between attitudes and investment éndto-industry is not really visible in

these data.

Regulation: The three indicators measuring aspects of reigal@nergy taXor implicit
energy taxERRIfor the ERRI index andeg_comp_prodor perceived negative impact
on competitiveness from having to meet environmenggulations for products or
services) have many strong correlations, especialth the innovation output and
environmental effect indicators, as might be exgect There are also a couple of
interesting correlations with the facilitator indiors. Firstly, there is some evidence of a
positive relationship between the ERRI index anel 8014001 1601400}, although
the correlation does not fit the time dimensionec&dly, the correlation between the
competitiveness indicatordg_comp_profland the indicator on eco-labels is of interest
(eco_lb). There also appears to be a positive relatignghisible partly also across
years) between environmental regulation and puiibica publication3. Moving on to
the output indicators, the first two regulationigadors énergy taxandERR) correlate
fairly strongly with the indicator on EGSS-relatedports to Chinagxpts_ching This

could be interesting, as it gives support to thguarent that stronger environmental
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legislation in EU countries results in more teclogyl transfer into developing countries.
The two unexpected negative correlation coeffigdmtween the regulation indicators
and national investment in EGSS (investment in ¢lioy and water management,
indicator nat_inv_EGSP could simply be explained by earlier stronger utations

already taking care of most of the need for nationgestment.

Regarding the environmental effect indicators, fivst two regulation indicators
correlate, as could be expected, with the indisator energy intensityefiergy_intens
and acidifying pollutants agcid_pol). = The third of the regulation indicators
(reg_comp_prod shows some unexpected correlation results wighetifiect indicators.
However, this could be partly explained by a latlemough time to allow for the effects
of a driver from 2004 on an effect in 2085.Overall, there is some support in these

results for regulation driving innovation.

Facilitators

Table 1b. Significant Pearson correlations between facilitatarand other indicators.

Indicator name Indicator year| Indicatorl EMAS_00|1S0O14001_| ISO14001_| eco_lbl_04
(vertically and horizontally) type 03 00

Indicator number (vertically and 3.1 3.2 3.2 3.3
horizontally)

att_wind_energy_06 1.2 2006 Drive .569(*)
ERRI_01 2.2 2001 Driver .553(**)
reg_comp_prod_04 25 2004 Driver -.490(*) -.650(%)
1ISO14001 0 3.2 200: Facilitatol 1 .580(**)
1SO14001_00 3.2 2000 Facilitatpr .580(**) 1
publications 0 4.5 2001 Input .615(**)
public_env_RD_05 4.1 2005 Input .540(**)

env_patents_99_03 51 1999-2008 Input .748(**)

share renew en 6.1 200¢ Outpu .681(**)

inv_clean_tech_03 8.4 2003 Output .583(**)

expts_china_02 9.1 2002 Outpu 561(*),

energy intens ( 10.1 2008 Effect -.587(%) .438(%)

Key: bold = strong correlations; italics = no. afes < half of the max. possible; shading = ‘negatndicator.
*. Correlation is significant at the 0.05 level @led).
**_Correlation is significant at the 0.01 level {@{ed).

Environmental management and organizational changesApart from what has already
been discussed, these three indicatBMASfor EMAS, ISO14001for ISO14001 anéco_|Ibl

for eco-labels) show strong correlations mostlyhwat few input indicators. This seems
reasonable, as these indicators would not be exghect have very strong influences on
environmental innovation, and their potential impaould therefore be felt much closer in

the eco-innovation chain. There are no strongticglships with effect indicators. Two

%8 Most of the data for the indicators in question fit theetilimension even worse than this.
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strong coefficients are included here for the outipdicators. The positive relationship
between the EMAS indicator and the indicator ondha&re of renewable energy in energy use
(share_renew_en holds across the years, whereas the link betwkxn14001 and
investments in clean technologny_clean_techis not visible across the years. Looking at
the input indicators, the number of ISO14001 dedtfons seems to have a positive
relationship with the number of environmental padfions publicationg, and the 1ISO14001
indicator also correlates positively with publicveonmental R&D public_env_RD Based

on these results, such innovation facilitators doo¢ considered beneficial for innovation
(inputs).

Inputs

Table 1c. Significant Pearson correlations between inpundicators and other indicators.

Indicator name Indicator year| Indicator typeé publicatipublic_env_| public_env_|env_patents|
(vertically and horizontally) ns_01 RD_05 RD_02 99 03
Indicator number (vertically 4.5 4.1 4.1 5.1
and horizontally)

att_clean_tr_RD_02 1.4 2002 Driver 579(*

energy_tax_02 21 2002 Driver .633(**) -.506(*)

ERRI_01 2.2 2001 Driver .841(*%) 783(*%)
EMAS 0C 3.1 200c Facilitatol 748(*%)
1ISO14001_03 3.2 2003 Facilitator .540(*)

1ISO14001_00 3.2 2000 Facilitator| .615(**)

public env RD 0 4.1 200¢& Inpui 1 .582(*)
public_env_RD_02 4.1 2002 Input .582(*) 1]

share renew en 6.1 2004 Outpu -.603(**)

IIM_04 6.3 2004 Output .552(*)

1IM_00 6.3 2000 Output .536(*)
expts_china_04 9.1 2004 Output A16(*

expts_china_02 9.1 2002 Output | .621(*)

energy intens ( 10.1 200¢& Effect -.458(*) .614(**)
resource_prod_00 10.2 2000 Effect | .653(**) -.529(*)
acid_poll_04 11.2 2004 Effect -517(*) .509(*)
acid_poll_01 11.2 2001 Effect -.556(**) 511(%)

Key: bold = strong correlations; italics = no. afses < half of the max. possible; shading = ‘negaindicator.
* Correlation is significant at the 0.05 leveltled).
**_Correlation is significant at the 0.01 level {@ied).

* Environmental R&D and other innovation investments: Somewhat unexpectedly, our
eco-innovation input indicators do not correlate vesll as expected with our eco-
innovation output and effect indicators. This may be partly due to noise in the input
indicators for publications, R&D, machinery, andguds, due to these indicators covering
inputs that are not relevant to environmental irmimn. Therefore, we cannot draw

many conclusions from these relationships, excegaly that better data are needed to

% Similarly, there is little evidence in these resultshef established link between environmental R&D and
regulation.
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measure (public and private) environmental R&Dnd environmentally beneficial

patents!

In contrast, there are strong correlations betwkerenvironmental publications indicator
(publicationg and other indicators. We have already discussmde above, but in
addition to those, we can see from the resultsttiere is a moderate to strong positive
relationship (visible across years) between thdicetor and EGSS exports to China
(expts_ching a mild positive relationship (visible across ggabetween this indicator
and the energy intensity of economiemndrgy_intens and a fairly strong negative
relationship (again, visible across years) betwténindicator and acidifying pollutants
(acid_pol). Additionally, there is a strong positive coatbn between the publication
indicator and the resource productivity measuuaesc(urce_pro)i62 All in all, it seems
that such publication data could be of some vatueeflecting or predicting changes in
the environmental innovation chain (from environtaénegulation to innovation impacts
in the environment), and such data could also beindicator for the market in

environmental technologies.

* Patents: As discussed earlier in Section 5.3, patent datavatluable in measuring eco-
innovation, especially innovation specific to thé &S, but collecting the data is still very
time-consuming. Therefore, we have included soatert data in our analysis, but the
data are incomplete, with results available foryamifew EU countries. Although there
are two strong positive relationships between thteqt indicator €nv_patenfsand one
regulation indicator ERR) and one facilitator indicatoEMAS, we cannot really say

that the relationships are reliable.

9 The two strong relationships between the indicator oripehlironmental R&Dgublic_env_RIPand the
indicators on share of renewable energlyafe_renew_grand energy intensity of the econonepnérgy_intens

are somewhat odd, as the first would be expected to bevedsithen it is negative) and the second negative
(when it is positive). As said, this may be explaineghogr data. Also, we could expect a relationship between
the regulation indicators and public environmental R&D,thigtis not visible in the data.

1 We also included two indicators related to the acquisiifomachinery in our correlation analysis. The results
showed no correlations that would have been abovétbshold (given in Section 3), but one of the indicators
(number 4.4, see Annex 1) did have some weaker correlatiehgl®&i 00 and IIE_04 (positive) and with the
regulatory indicators, 1ISO14001, publications and exporisdia and China (negative). However, as the data
for this input indicator were for 2000, only really the etation with exports is somewhat relevant. The link
between firms that acquired a lot of machinery in 2000 andfihat did not export much EGS to China or India
(or vice versa) is not obvious though.

%2 Although the time dimension is not ‘right’ between these itwdicators, it could be expected that the resource
productivity data for 2000 would correlate positively with sdeka for later years.
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Outputs

Table 1d. Significant Pearson correlations between outpubdicators and other indicators.

Indicator name (vertically | Indic| Indicator | share_rer IIM_04 | [IM_00 |nat_inv_|nat_inv_{inv_cled inv_cled inv_poll| green_p expts_in expts_c| expts_c| RWS_0

and horizontally) ator type ew_en_04 EGSS_QEGSS_Qn_tech_| n_tech_| _ctr_04|ages_07 dia_02 | hina_04| hina_02] 0
year 4 1 04 03

Indicator number 6.1 6.3 6.3 8.2 8.2 8.4 8.4 8.5 8.8 9.1 9.1 9. 9.p

(vertically and horizontall

att_clean_tr_ RD_02 1.4 2002 Driver -.683(*) .641(%)

energy_tax_02 2.1 2002 Driver -.626(**)| -.561(*) 707(*%) | .693(**)

ERRI_01 2.2| 200[L Driver -.514(*) -.681(**)|-.645(*) -496(*)| -.410(*) 533(*) | .612(*)

reg_comp_prod_04| 2.5 |2004| Driver -493(%)| -.452(%) -.625(*)

EMAS_00 3.1| 2000 Facilitator | .681(**) .561(%)

1SO14001_03 3.2 20Q3Facilitator .583(*)

Publications_01 4.8 2001 Input 416(*)| .621(**)

public_env_RD_02| 4.1 2002 Input -.603(**)| .552(*)| .536(*)

1IIM_04 6.3 |2004] Output 1| .971(%) -.648(*)| -.523(%)

1IM_00 6.3 2000, Output .971(*%) 1 -.606(**)

nat_inv_EGSS_04 8.2 2004 Output 1| .863(**) A71(%)

nat_inv_EGSS_01 8.2 2001 Output .863(*) 1

inv_clean_tech_04 8.4 2004 Output 1 .558(*) -.564(*)

inv_clean_tech_03 8.4 2003 Output 1| .619(**) .481(*%)

inv_poll_ctr_04 8.5| 2004 Output .619(*) 1 .478(%

Green_pages_07 8.8 2007OCutput ATL(Y) .558(*) AT8(*) 1 -543()| -.424(*)

Expts_india_02 9.1 2002 Output -.648(**)|-.606(**) L481(%) 1| .551(**) .482(*)

Expts_china_04 9.1 2004 Output -.523(*) -.564(*) -.543(**)| .551(*) 1| .809(**)| .548(*)

Expts_china_02 9.1 2002 Output - 424(%) .809(**) 1| .807(*)

RWS_00 9.2| 200p Output .A82(*)| .548(*)| .807(*) 1

energy_intens_05 |10.1|/2005| Effect 765(*)| .734(*)| .623(**) .593(%) -.440(*)

resource_prod_00 | 10/2000 Effect -.681(**)|-.606(**) |-.611(**) -.551(*)|-.511(**) .654(*)| .614(*)

ghg_04 11.1|2004| Effect -.542(*)

acid_poll_04 11.2/12004)  Effect 578(%)| .562(*)| .759(*)| .431(%) -503(*)| -.481(*)

acid_poll_01 11.2|2001| Effect .607()| .622(*)| .752(**)| .483(*) -.498(**) | -.524(*)

impr_ehs_impct_00| 12.1|2000| Effect -.652(*) -.678(*)

impr_ehs_impct_0%4| 12.1|2004| Effect - 544(*)

reg_reqs_met_(0 |12.2|2000| Effect -.466(*)|-.617(**) -.769(*)

reg_reqs_met_04 | 12.2(2004 Effect -.487(*)| -.496(*) .686(**)

Key: bold = strong correlations; italics = no. aes < half of the max. possible; shading = ‘negatndicator.

*. Correlation is significant at the 0.05 level @led).
**_Correlation is significant at the 0.01 level (@ied).
# Indicators impr_ehs_impct and reg_reqs_met ardasintiut not entirely the same between the two Gifids (2000 and 2004).

* Intermediate energy and material

inputs®® The indicators

(share_renew_efor the share of renewable energy in energy infutee economy|M

included here

for intermediate material inputs to the economyl HE for intermediate energy inpdts

show a number of strong relationships, mostly ipeeted ways. In addition to what has

been discussed above, the IIM indic&tororrelates negatively with the indicator on

EGSS-related exports to Indiexpts_india, and from the larger correlation table (results

% For output indicators, we should only include data for mecent years. However, due to restrictions in data

availability and to show some of the relationships betwegutaiind effects, we have included also one earlier
indicator herellM_00.
®IE is not included in Table 1d.
% 1IM and IIE are ‘negative’ indicators, in that a high sci either of them is due to high levels of inputs (of
materials or energy) per unit of output (here, GDP).
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not shown) some significant negative correlation lba seen with exports to China. This
could reflect the structure of economies: the muoaderial intensive economies do not
(yet) export as much environmental technology teettiping countries such as India and
China®® The 1IM indicator shows a strong positive relaghbip with the effect indicator
on total energy intensity of the economgnérgy_intens as could be expected, and a
somewhat less strong negative relationship with megource productivity indicator
(resource_proyl again, this result could be expected. The batteeconomy is in turning
resources into income, the less material intengiveeds to be. Finally, we can see a
relatively strong positive correlation between e indicator and the indicator on
acidifying pollutants gcid_pol). In other words, the more material(/energy) nstee the
economy, the bigger the externalities, such asupoli. The results here support this
statement.

* Growth of EGSS: In this category, we have included indicators ofiomal investments
in some EGS sectoredt_inv_EGSE investment in clean technologny clean_tech
investment in pollution control equipmen\{_poll_ct) and an indicator on the growth
of the number of EGSS firmgeen_pages’’,®® In addition to a small number of
correlations with drivers or facilitators discusseove, the indicator on national
investment in 2004n@t_inv_EGSS_Q4correlates rather unexpectedly (e.g. positively
with pollutants écid_pol) and negatively with the CIS-3 indicator on higivieonmental
impacts from innovationifpr_ehs_impg), although there is also a time flow problem
with this indicator and some of the effect indicato These unexpected results could be
explained by the duality of this indicator: on thee hand, it reflects the growth of the
EGS sector, and on the other hand, it may show gopmaous laxness in environmental
protection® It is therefore not clearly a ‘positive’ eco-inration indicator (i.e. one that
correlates positively with other innovation indicet and negatively with pollution

indicators)?0 Otherwise, the investment indicators show only aiker significant

% Also the indicator measuring intermediate energy inputs tedbeomy (IIE) shows a similar (but milder)
negative relationship with the EGSS exports to India arideCh

®7 This refers to the number of firms listedvimw.eco-web.com

% Initially, we also looked at an indicator on total expiemé on environmental protection, but the data quality
was poor, and most of the correlations could be explained by commomautators related to GDP.

% Many of the higher values for the national EGSS investmelitator pat_inv_EGS)are for the newer EU
member states.

0 Also, this indicator and the indicator on acidifying paihis &cid_pol) both share elements of GDP, which
helps to explain the strong correlation between the two. @f tiw¢ greenhouse gas indicatgindg) does not
include GDP, and also does not show any positive relationstiighve EGSS investment indicator
(nat_inv_EGSPH
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correlation, that between the indicator on cleammnelogy investmentirfv_clean_tech
and the indicator on meeting (environmental) regoms (eg_reqs_met This is a
reasonable relationship, possibly reflecting inwvesits made to meet environmental

regulations.

Finally, the indicator on EGSS company listingseen_pageshas only two moderately
strong correlations in these data, both of whicknmsesomewhat strange. However, the
negative correlation with exports to Chirexpts_chinaand also India, from the larger
correlation table) could be explained by the oa#@nh of the exporting firms. The

listings onwww.eco-web.conpossibly have a bias towards more developed eci@som

and therefore a firm concentrating on exports tin&lor India might not find it useful to
list themselves. The negative correlation with ttesource productivity indicator
(resource_proyldoes not fit the time dimension of the innovatmncess at all, as these
data are for 2000. The more general problem ighBGSS company listings data is that
they are too recent (from 2007) to reflect any iotfmn other output or effect indicatdrs.

Trade in EGSS products: These indicatorsefkpts chinaandexpts_indiafor exports to
China and India, anBWSfor general export orientation (relative world s¢s) do show
several strong correlations with the other eco-wation indicators, many of which have
already been discussed. Regarding their impa¢hereffect indicators, we can see that
there is a moderately strong negative relationéigbding across years) between exports
to China and the indicator on acidifying pollutiof@eid_pol). This is again interesting
and indicates that countries strong in technologydfer to the developing economies are
themselves already rather advanced in terms ofcnegpollution levels. As could be
expected, the export indicators on China and ledraelate positively with the indicator
on general export orientation in EGSS produd®Vg. Exports to China are also
positively correlated with the resource producyivitdicator (esource_proyl However,

it is doubtful whether any conclusions should bawdr from this, as the data for the
productivity indicator precede the export data (etleough the relationship does hold
across yearsy Finally, the RWS indicator on export orientationthe EGSS products
correlates significantly (but negatively) only withe two CIS-3 indicators on positive

(environmental) impacts from innovatioimmfr_ehs_impgtand meeting (environmental)

" Unfortunately, no link could be found between patents anihtlestment indicators, possibly due to poor data
quality.

2 the relationship were real, an explanation could bettteamore ‘efficient’ economies are more focused on
technology transfer to e.g. China than less ‘efficiendn@enies.
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regulations feg_reqs_m@t This seemingly unexpected result could be empthby the

focus of the firms in question: the less exporewoted firms probably focus more on

meeting domestic regulation and similarly perhapso asee more immediate
environmental impacts from their innovati6h.
Effects
Table 1e. Significant Pearson correlations between effectdicators and other indicators.
Indicator name (vertically and | Indicator| Indicator |[energy_irjresource |reduc_mg ghg_04 | acid_poll| acid_poll| impr_ehs| impr_ehs|reg_reqs|reg_reqs|
horizontally) year type tens_05( prod_00|t_enrgy_( _04 01 |_impct_0| _impct_0| met_0@ | met_04
4 o* 4
Indicator number (vertically and 10.1 10.2 10.3 11.1 11.2 11.2 121 12.1 12.2 12.2
horizontally)
Att_clean_tr_RD_02 1.4 2002 Driver .653(*) - 748(*%)| -.775(*%) -.614(%)
energy_tax_02 2.1 2002 Driver || -.688(**)| .758(**) -.686(**)| -.688(**)
ERRI_01 2.2 2001 Driver -.588(*)| .766(**) - 728(*%)| -.747(**)
reg_comp_prod_04 25 2004 Driver - 589()| .602(**) -.612(**)| -.623(**)| .495(*) .515(*)
EMAS_00 3.1 2000 Facilitatof| -.587(*)
1SO14001_03 3.2 2003 Facilitatd .438(*)
Publications_01 4.5 2001 Input -.458(*)| .653(**) -517(**)| -.556(**)
public_env_RD_02 4.1 2002 Input | 614()| -.529(*) 509(*)| .511(%)
1IIM_04 6.3 2004 Output 765(**)| -.681(**) .578(*)| .607(**) -.487(*%)
IIM_00 6.3 2000 Output || .734(**)| -.606(**) .562(*%)| .622(**) -544(%)| -.466(*) -.496(*)
nat_inv_EGSS_04 8.2 2004 Outputl .623(**)| -.611(**) 759(*%)| .752(**)| -.652(**) -.617(*)
nat_inv_EGSS_01 8.2 2001 Outpu -.542(**) A431(%)| .483(%)
inv_clean_tech_04 8.4 2004 Outpu .686(**)
inv_poll_ctr_04 8.5 2004 Output .593(*%)| -.551(*)
green_pages_07 8.8 2001 Outpul -.511(*)
expts_china_04 9.1 2004 Outputll -.440(*)| .654(**) -.503(*+)| -.498(**)
expts_china_02 9.1 2002] Output] .614(**) -.481(*)| -.524(**)
RWS_00 9.2 2000 Output -.678(*) -769(*%)
energy_intens_05 10.1 2005 Effect 1| -.787(*) .807(**)| .856(**)| -.488(*) -.566(*)
resource_prod_00 10.2 2000 Effect] - 787(*%) 1 - 726(*%)| -.747(**)
reduc_mat_energy_04| 10.3| 2004 Effec 1 .587(**)
acid_poll_04 11.2 2004 Effect .807(**)| -.726(**) 1| .986(**)
acid_poll_01 11.2 2001 Effect .856(**)| -.747(**) .986(**) 1 -.438(%)
impr_ehs_impct_00 12.1 2000 Effect -.488(*) 1 .888(**)
impr_ehs_impct_0% 12.1 2004 Effect .587(**) -.438(%) 1| .437(%)| .687(**)
reg_regs_met_060 12.2 2000 Effect || - 566(+) .888(*%)| .437(%) 1l .417(%
reg_reqs_met_04 12.2 2004 Effect 687(%)| .417(*) 1

Key: bold = strong correlations; italics = no. akes < half of the max. possible; shading = ‘negatndicator.

*, Correlation is significant at the 0.05 leveltgled).
**_Correlation is significant at the 0.01 leveH@&iled).
# Indicators impr_ehs_impct and reg_reqs_met ardasintiut not entirely the same between the two 1Gifids (2000 and 2004).

* Energy and material intensity of economies:Apart from what has already been

discussed above, the three effect indicatoeselgy intensfor energy intensity,

resource_prodor resource productivity anetduc_mat_energfor innovation effects in

terms of reduced materials and energy per produged (from the CIS)) correlate

strongly, and as expected, with several of theratffect indicators. The strongest links

3 The other related indicator RCA (revealed comparatilieantage) correlates highly with RWS, and has been
excluded from Table 1d. However, RCA correlates positiwéth the indicator on energy taxes (something
RWS does not do), although this relationship does ntitditime dimension, as the tax data are from 2000
onwards, and the RCA data are for 2000 only.
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can be found between the indicators on energy sitieand resource productivity on the
one hand, and the indicator on acidifying pollusa@cid_pol) on the other. This is not
surprising, as the most energy intensive and leasburce productive economies
(Bulgaria, Romania and many other newer EU memtat¢es often also have the most
pollution. The other correlations are between @8 indicators feduc_mat_energgnd
impr_ehs_impgt and between the energy intensity indicator drel €IS indicator for
meeting regulation requiremented_reqs_met) The former indicates consistency in the
CIS data (the firms reporting less material andg@n@puts also report general positive
environmental effects), and the latter shows areetqul negative relationship between

meeting (environmental) regulations and higher gnéntensities.*

Pollution and waste levelsThese indicatorsgfg for greenhouse gases aaxd_poll for
acidifying pollutant§’) are important effect indicators together with thetensity
indicators’. The indicator on acidifying pollutantsas already been discussed in
connection with many correlations with other indora. However, the greenhouse gas
indicator shows only one correlation with the othmticators. It correlates moderately
strongly and negatively with the national EGSS stweent indicator riat_inv_EGSPH
This relationship seems reasonable, but considesgngeral problematic correlations
between the national investment indicator and othdicators, perhaps not too much
attention should be paid to the relationship. #ynsimply be that as the true efforts to
reduce greenhouse gases are only really begintiirge cannot be any real relationship
between this indicator and other eco-innovationcaibrs as of yezté.3 It will therefore be

interesting to examine such correlation resulis faw years.

Other innovation effects: This category includes four CIS indicators for piosi
environmental (and health and safety) impacts frmmovation {mpr_ehs_impgtand for
meeting regulation requirement®d_reqs_me@t These are quite interesting indicators,
as they measure more general environmentally b@akefinovation!’ Looking at the
correlation results, the data for 2000 and 2004tl& same type of indicator do not,
however, correlate well with each other. The dctmarelations have mostly already

been covered in the above discussion.

" This relationship holds across years in the larger resiilts. t

S An indicator on waste levels was originally included, lataduality was so poor (small number of included
countries) that this indicator was left out from theaf analysis.

% Also, these data only cover emissions until 2004.

" However, they also include data on other impacts (healitsafety) and other than environmental regulation.
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7. Conclusions

A major goal of European governments is to encauthg transition of the European Union
to a knowledge-based economy, and in the shortthisymeans trying to meet the Lisbon and
Barcelona agendas. Environmental innovation, hiotbntional and unintentional, makes
economies more efficient by encouraging and fatifig the use of fewer material or energy
inputs per unit of output. In effect, environméntanovation involves using inputs more
‘intelligently’, so that the level of inputs used ireduced through the application of
knowledge. Environmental innovation can thus besmared the link between the EU’s
sustainable development strategy and the Lisbomdageo make the Union “the most

competitive and dynamic knowledge-driven economp@y0”.

This paper has explored - with the help of disaussind correlation data analysis - a large
number of potential indicators that could be usedneasure various aspects of innovation
with beneficial impacts on the environment. Inifidd, we have discussed the definition and
location of such innovation, and concluded thaéakes place in the whole economy, although
it is more concentrated in the environmental goaas services sector, which can, however,
be hard to define. Finally, we have also sketdne8ection 2.3 a qualitative model which

illustrates the process of eco-innovation.
7.1 Main results

Following the qualitative eco-innovation model, wlassified forty-five indicators into five
different types: drivers, facilitators, inputs, puts and effects, according to where they best
fit in the innovation chain. The correlation ars$yhas included all those indicators (thirty-
nine in total) for which we were able to obtainioaal level data for a minimum of eleven

EU member state€.”®

Our correlation results have been mixed. Manyhef tesults support the literature, often
showing interesting evidence for links between,eample, innovation drivers and inputs, or
innovation outputs and environmental effects. W td the established relationships have not
been found in these data. However, there are aleonf issues that have most likely

contributed to this. First, in some cases (esfigaath patent data), the data coverage of the

8 Only two indicators (4.3 and 5.1) had as few as eleven Gesimicluded. Otherwise, fifteen was the
minimum.
® Sectoral level data were in many cases not availdiilerefore, we concentrated on the national level.
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EU countries has been poor, and second, we havalways been able to obtain data that

follow the time flow in the innovation chaffi.

Table 2 below includes those fifteen indicatord thie consider - based on both the literature
and our data analysis - to be key indicators foasneng innovation with environmental

benefits. In choosing the key indicators, we htiel to take into account several aspects,
some of which are particular to eco-innovation, ni@ximize the possible balance and

coverage. We have paid attention to:

Different types of indicators: drivers, inputs,.etc

Intentional and unintentional eco-innovation

Intentional eco-innovation within the EGSS, bubatésewhere in the econofily

Different types of innovation: product, process®tc

The indicators that have not been included in #eikdicators are mostly those with either a
weak grounding in the literature and/or no strongedation results from our analysis. For
example, we did not include an indicator on publiitudes among the key indicators, as it is
somewhat questionable how strong an influence puddiitudes can really have on eco-
innovation, especially when they are often notdwkd by public action. We also left out an
indicator on environmental management systems aganational changes, although they
have been found to facilitate eco-innovation. Theg, however, not a very strong influence,

or a necessary part, in the eco-innovation process.

Our main recommendations (included in Table 2) eatrate on improving data collection
and data availability. Some of the key indicatatdl need further exploration and
development, and refining the questions on ecodation in the Community Innovation
Survey should also be considered. Last but nat:lean overall recommendation for
developing data collection for eco-innovation rethindicators would be that much more

sectoral level data should be made available.

80 For example, some data on environmental effects weraldpand some data on innovation drivers were too
new to fit well in the model.

81 Most effect indicators measure innovation effects fréimpaats of economies. Taking an effect indicator on
energy intensities as an example, the effects frone@sad use of traditional environmental technologies cannot
easily be separated from the effects from energy savingh more efficient processes across the economy.

8 More and more of eco-innovation is taking place, for edanmue to improved processes.
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Table 2. Summary table of key environmental innovabn indicators.

Indicator (indicator number in this
study — see Section 6 and Annex |)

Indicator
type

Results from this study

Future potential

Recommendaons

Part . Indicators for which data are curre

ntly available

1. Environmental regulatory regime index
(ERRI) or something similar on the
stringency, clarity and stability of
environmental regulations (2.2 to 2.4)

Driver

Reasonable and strong correlations with
several types of indicators.

Important driver, although captures only
regulation related eco-innovation (but acrg
sectors).

Regulatory indicators should be furthg
sdeveloped, so that they are consisten
available on a yearly basis.

2. Publications in specialized journals in
‘environment/ecology’ in the EU per capi
(4.5)

Input
a

Some reasonable and strong correlations,
especially with effect indicators.

Potentially good indicator, but mostly only
captures (intentional) product innovation,
and may not do so evenly.

Should be explored further.

3. Patent counts in the EGSS or outside
(5.1)

t Input

Some correlations, but data quality is poor,
due to a small number of included countries
(further data collection was not possible for

this project).

Fairly established eco-innovation indicato
which also captured diffusion, but up to nd
mostly confined to the EGSS. Also, focus
on product innovation.

, Existing patent databases should be

vurther developed to allow for easier
access to eco-innovation related
patents.

4. Intermediate material or energy inputs
(IIM and IIE) at current purchasers' price
per GDP (6.2 & 6.3)

Output

5 (inter
mediate
input)

IIM correlated well with some, especially
effect indicators.

Measures an important factor in the eco-
innovation process between inputs, outpu
and effects. Captures also unintentional
eco-innovation.

Data collection should be maintained
son a yearly basis and extended to all
EU countries.

5. Exports in EU eco-industry products tq
large developing economies, such as Ch
and India (as share of total exports to the
countries) (9.1)

Output
na
se

Reasonable and strong correlations with
several types of indicators. However, the

current product classification systems are ng
well designed to include only EGSS related

exports.

tproduct innovation.

Potentially a good indicator, also measurind-urther refinement of EGSS product

diffusion. Confined to the EGSS and

code lists or product classification
systems should be explored.

6. Relative world shares (RWS) — relative
position of a nation in international trade
EGS (export orientation), or revealed
comparative advantage (RCA) — EGS
export-import ratio compared to the patte
of all traded goods (9.2 & 9.3)

Output

>

n

Both correlate well with the EGSS export

indicator (see above), however, otherwise n
very many correlations found in this study, b

the data were for 2000, and therefore old.

ptlist issue discussed above. Include some
utneasure of diffusion. Confined to the

Not as sensitive to the EGSS product cod

EGSS and product innovation.

e Could be used instead of the EGSS
export indicator, at least until the
EGSS export classification is better
developed.

7. Energy intensity of the economy - Gro
inland consumption of energy divided by
GDP (10.1)

ssEffect

Strong and mostly reasonable correlatiorib

several types of indicators.

ilmportant effect indicator on energy use.
Measures also effects from unintentional
eco-innovation.

To be used as one of the key indicatq

or
tly

IS.

8. Resource productivity of the economy
GDP per direct material consumption
(DMC) (10.2)

—Effect

Strong and mostly reasonable correlatiorih
several types of indicators. However, the dg

used were for 2000, and therefore old.

vilmportant effect indicator. Measures also
teffects from unintentional eco-innovation,

as well as decoupling of economic growth
from resource use.

This indicator should be developed
further, also so that annual data woul
be available.

9. Survey data on the effects from produ
or process innovation in terms of reduceq
materials and energy per produced unit,
highly improved environmental impact

tEffect

pr

(10.3 & 12.1)

These two indicators based on CIS questio
did not correlate well with the other included

indicators, except with other CIS-based
indicators. The impact question includes
improved impact for health and safety.*

sPotentially valuable indicators, as the datg

are collected at a detailed sectoral level, g
these indicators should capture also
unintentional eco-innovation across secto

Further development of the CIS surve
ninprovement in response rates.

S,

as well as process innovation.
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Indicator (indicator number in this
study — see Section 6 and Annex |)

Indicator
type

Results from this study

Future potential

Recommendaons

10. Weighted emissions of greenhouse
gases per capita (11.1)

Effect

However, actual consistent reductions in

Almost no relevant correlations in this stud

greenhouse gases still mostly to take place.

Important effect indicator for the future.
Measures also effects from unintentional
eco-innovation.

To be used as one of the key indicatq
although a longer time lag may still bg

needed to see the effects from

intentional eco-innovation to reduce

greenhouse gases.

rs,

11. Weighted emissions of acidifying
pollutants per GDP (11.2)

Effect

indicators from all types.

Strong and reasonable correlations with mapymportant effect indicator. Measures also

effects from unintentional eco-innovation,
although to a lesser extent, as most pollut
reductions are made to meet regulations.

To be used as one of the key indicatq

on

Is.

Part Il. Indicators for which data are not currentl y avail

able

12. Venture capital for firms in the EGSS
(2.7)

Driver

the European level.

Not included, as no data have been obtaaed Important driver factor, although confined

to the EGSS.

Data availability from EVCA (or

elsewhere) should be developed

further.

13. Business environmental R&D, as a
share of total business expenditure on R
(BERD) (4.2)

Input
&D

countries).

Not included, as no data are available at the

European level (for a large enough number pfconsidered far from innovation outputs, th

Although R&D data are generally

could be a useful eco-innovation indicator
with a link to regulation.

Data collection should be further

sdeveloped.

14. Sales or profits from environmentally
beneficial innovation across sectors (7.1

Output

international level.

Not included as no data are available at an

Potentially very valuable indicator, as woy
measure eco-innovation across sectors
(including unintentional eco-innovation).

IdData collection should be developed.

15. Foreign direct investment in EGSS
(outside the EU) (8.1)

Output

of EGSS not possible at the moment.

Not included, as FDI data are only availdiyle

aggregate sectors, and therefore identificatiprmeasure diffusion. However, this indicatg

Potentially a good indicator, and would als

is confined to the EGSS.

oData availability should be developed.

r

* CIS 2008 questionnaire separates environmentatesffrom health and safety effects. The reil8IS2008 are not expected until late 2010 aetmdiest.
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7.2 Policy implications

Environmental policy, largely through environmentagjulation, has positive overall effects
on the environment, especially in terms of redugdoegution. On the other hand, general
innovation policy has sometimes been criticized fiot focusing on the right issues, for
example, it has been claimed to have too muchfo€as on increasing R&D expenditures, as
opposed to encouraging other innovation inputs hsas research cooperation, adequate
supply of highly skilled workforce, or inputs motgpical for services or low-technology
industries), or focusing on getting sufficient autfp Goodenvironmental innovation policy
has the dual effect of increasing innovation acra@s®conomic sectors and improving the
state of the environment for the benefit of citigemd the rest of the planet. It also helps to
deal with the two interacting market failures diseed by Rennings (2000) and Jaffe et al.
(2004), associated with environmental pollution e one hand, and innovation and
diffusion of new technologies on the other hand.

Our correlation results suggest that there are raben of old and new indicators — on

innovation drivers, inputs, outputs and effectiattcould be relevant for monitoring in order
to track progress in environmental innovation atsdimpacts (see Table 2 above for such
indicators). Importantly, surveying all economiectors on environmentally beneficial

innovation would provide direct evidence of suclp@uts. The environmental module in CIS
2008 could provide very valuable information orstisisue.

We also identify several areas where potentiallyatale indicators are simply not available.
These include data on EGSS venture capital (natadl@ publicly at the European level),
business environmental R&D, sales from environnibntheneficial innovation activity
across sectors, and FDI in EGSS. Additionally, ynexisting indicators should be further
developed, as outlined in Table 2. These alsadekome effect indicators.
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Annex | - Eco-innovation indicators consideref

regulations

index, ERRI(ERRI)

CY, LU, MT)

Report 2001-02

Indicator category Indicator Driver Unintentional Sector level National Source, data years Comments

(indicator name used in Tables 1g /Facilitator/ /Intentional data available level included

to 1e in Section 6) Input innovation with (importance of available (for

/Output beneficial sector level EU-27)
/Effect effects on the data)
environment

Public attitudes and 11 Preparedness to pay more: Publi¢ Driver Intentional N/A Yes, but NMS Eurostat: Eurobarometer | -
behaviour opinion in favour of paying more not covered 57.0;2002

for energy produced from

renewable sources than for energ

produced from other sources
Public attitudes and 12 Acceptance of renewable energy| Driver Intentional N/A Yes (except | Eurostat: Special -
behaviour sources: Public opinion strongly ir BG, RO) Eurobarometer 262;2006

favour of using domestic wind

energy in the EU-25 countries

(att_wind_energy)
Public attitudes and 13 Importance of reducing energy Driver Intentional N/A Yes (except | Eurostat: Special -
behaviour consumption: Public opinion BG, RO) Eurobarometer 262;2006

strongly in favour of reducing

domestic energy consumption in

the EU-25 countries
Public attitudes and 14 Importance of energy-related Driver Intentional N/A Yes, but NMS| Eurostat: Eurobarometer | -
behaviour research in the EU: Public opinion not covered 57.0;2002

in the EU in favour of more

energy-related research in the EY

in cleaner means of transport

(att_clean_tr_RD)
Public attitudes and 15 Importance of energy-related Driver Intentional N/A Yes (except | Eurostat: Special -
behaviour research in the EU: Public opinion BG, RO) Eurobarometer 262;2006

in the EU-25 countries strongly in

favour of such research being a

priority in the EU
Public attitudes and 1.6 Factors affecting the choice of caf Driver Intentional N/A Yes (except | Eurostat: Special -
behaviour — which matter most: Public in the] BG, RO) Eurobarometer 267;2006

EU-25 countries considering one

of the following as most important

for themselves: cars with low fuel

consumption and environmentally|

clean cars
Environmental 21 Implicit tax rate on energy (ratio gf Driver Intentional N/A Yes (except | Eurostat;2000-2004 Tax revenues not by sector, dinergy
regulations energy tax revenues to final energy BG, RO, SK) consumption data total various sectors,

consumptionjenergy_tax) excluding energy industries themselves.
Environmental 2.2 Environmental regulatory regime | Driver Intentional N/A Yes (except | Global Competitiveness | -

8 The analysis for this paper has been conduct2d0i.
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Environmental 2.3 Stringency of environmental Driver Intentional N/A Yes Global Competitiveness| -
regulations regulations — index Report 2006-07
Environmental 24 Clarity and stability of regulations| Driver Intentional N/A Yes Global Competitiveness| -
regulations — index Report 2006-07
Environmental 25 Perceived competitive Driver Intentional Very aggregate | Yes (except Eurostat: Innobarometer | -
regulations disadvantage from the need to meet (medium) BG, RO) 2004
environmental regulations for ne
products or services
(reg_comp_prod)
Environmental 2.6 Perceived competitive Driver Intentional Very aggregate | Yes (except Eurostat: Innobarometer | -
regulations disadvantage from the need to meet (medium) BG, RO) 2004
environmental regulations for ne
or improved processes (‘negative
indicator)
Market conditions 2.7 Venture capital for firms in the Driver Intentional No (medium) No EVCA Currentlyigre do not seem to be any publicly
EGSS available data at a European level for this
indicator. However, since 2007, EVCA has
been publishing data for ‘energy and
environment’. These data are not free, and the
country or sector coverage is not known to the
authors of this paper. DATA NOT
INCLUDED.
Environmental 3.1 EMAS certifications per billion Facilitator Intentional No (medium) Yes, but NMS Eurostat;2000-2004 For the New Member States, EMAS
management/organizatio euro GDREMAS) not covered registrations only started from 1 May 2004,
al changes therefore data for these countries are not yet|
available or not comparable to the EU-15.
Environmental 3.2 ISO 14001 certifications per Facilitator Intentional No (medium) Yes Eurostat;2000-2004 EW-27 covered.
management/organizatio million euro GDP(1ISO14001)
al changes
Environmental 3.3 Community eco-label awards per| Facilitator Intentional No (medium) Yes, but NM$ Eurostat;2001-2004 For the New Member States, Catityneico-
management/organizatio billion euro GDP(eco_Ibl) not covered label awards only started from 1 May 2004,
al changes therefore data for these countries are not yet|
available or not comparable to the EU-15.
R&D and other 4.1 Public environmental R&D Input Intentional N/A Yes Eurostat;2000-2005 -
innovation investments (GBAORD), as a share of total
and activities public R&D (GOVERD)
(public_env_RD)
R&D and other 4.2 Business environmental R&D, as|alnput Intentional No (medium) No N/A Data are net gonsistently collected at an
innovation investments share of total business expenditure international level. DATA NOT INCLUDED.
and activities on R&D (BERD)
R&D and other 4.3 Engaged in acquisition of Input Unintentional Aggregate Yes (but Eurostat;CIS-3 data for | -
innovation investments machinery, as a share of all /Intentional (medium) NMS not 2000
and activities innovating firms (weighted by included)
share of innovative firms)
R&D and other 4.4 Expenditure in acquisition of Input Unintentional Aggregate Yes (except Eurostat;CIS-3 data for | -
innovation investments machinery, as a share of total /Intentional (medium) AT, IE, LU 2000
and activities turnover of all innovative firms PL, SE)

(weighted by share of innovative
firms)
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R&D and other 4.5 Publications (in specialized Input Intentional No (medium) Yes (from this NSB, Thompson-ISI, -

innovation investments journals) in ‘environment/ecology’ source no datg from Peter, 2006;data for

and activities in the EU-25 per 100,000 capita for BG, RO) 2001
(publications)

Patents 5.1 Patent counts in the EGSS based Input Intentional Some (medium) Yes (for data OECD, 2006; only totals | Data in this paper cover only EGSS related

(within/outside EGSS) on priority dates of patent included here,| for 1999-2003 included patents. Aggregate level data for
applications (included here: only 11 out of manufacturing and certain high-tech fields ar
environmental technology, wind EU-27) available from e.g. Eurostat. However,
energy, fuel cell technology) — separating eco-innovation related patents
national indexes relative to outside the EGSS from the rest would be
population sizdenv_patents) difficult.

Intermediate energy and | 6.1 Share of renewable energy - Output Intentional Very aggregate | Yes Eurostat; 2000-2005 -

material inputs Contribution of electricity from (medium)
renewables to total electricity
consumption (%)

(share_renew_en)

Intermediate energy and | 6.2 Intermediate energy inputs (lIE) at Output Unintentional Aggregate Yes (except EUKLEMS database Coverage for the new member states is rathg

material inputs current purchasers' prices per GDP /Intentional (medium) BG, CY, IE, (www.euklems.net/euk08| poor.
(NACE rev. 1.1 Ato O) LT, LV, PT, .shtm); data for 2000 and
(‘negative’ indicator) RO) 2004

Intermediate energy and | 6.3 Intermediate material inputs (1IM)| Output Unintentional Aggregate Yes (except EUKLEMS database Coverage for the new member states is rathg

material inputs at current purchasers' prices per /Intentional (medium) BG, CY, IE, (www.euklems.net/euk08| poor.
GDP (NACE rev. 1.1 A to O) LT, LV, PT, .shtm); data for 2000 and
(‘negative’ indicator)IIM) RO) 2004

Sales/profits from 7.1 Sales from eco-innovation acrosy Output Unintentional No (medium) No N/A These data do not exist at angrnational

environmentally beneficial sectors /Intentional level, but the topic could be included in the

innovation CIS or another EU wide survey. DATA NOT
INCLUDED.

Growth of EGSS 8.1 Foreign direct investment (FDI) in Output Intentional Aggregated Yes Eurostat, UNCTAD This is an EGSS indicator.widwer, data for

EGSS (high) even the main EGSS are mostly not availabl
DATA NOT INCLUDED.

Growth of EGSS 8.2 National investment (gross Output Intentional Aggregated Yes Eurostat; 2000-2004 Data for two of the NACE fel classes
investment in tangible goods) in (high) belonging mostly to the EGSS are available
EGSS (NACE rev. 1.1 DN37 and from Eurostat.

E41) per gross fixed capital
formation (GFCF)nat_inv_EGSS)

Growth of EGSS 8.3 Total current expenditure on Output Intentional NACE rev. 1.1 | Yes, butonly | Eurostat; 2004, or most | Indicator for environmental protection
environmental protection per sections C, D, E,| country totals | recent available investment by all sectors. Not all countries
value-added aggregated, for NACE covered. Data availability poor, especially

mostly 2-digit rev.1.1Cto prior to 2004.
NACE (medium) | E from
Eurostat

Growth of EGSS 8.4 Investment in equipment and Output Intentional NACE rev. 1.1 | Yes, butonly | Eurostat; 2002-2004 Indicator for clean technolimygstment by
plants linked to cleaner technolog sections C, D, E,| country totals all sectors. Not all countries covered.
per value-adde@inv_clean_tech) aggregated, for NACE

mostly 2-digit rev.1.1Cto
NACE (medium) | E from
Eurostat
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Growth of EGSS 8.5 Investment in equipment and Output Intentional NACE rev. 1.1 | Yes, butonly | Eurostat; 2002-2004 Indicator for pollution contirolestment by
plants for pollution control per sections C, D, E,| country totals all sectors. Not all countries covered.
value-addedinv_poll_ctr) aggregated, for NACE

mostly 2-digit rev.1.1Cto
NACE (medium) | E from
Eurostat

Growth of EGSS 8.6 Clean Development Mechanism | Output Intentional Some aggregate Yes (only UNFCCC website These data are relatively new, and the numbers
(CDM) — number of registered level sectoral some EU cdm.unfccc.int/Statistics | of projects have not build up sufficiently yet.
projects data, but not countries EU country coverage is also fairly poor.

available per participating Finally, the projects are of very different sizes.
country and so far) DATA NOT INCLUDED.
sector (medium)

Growth of EGSS 8.7 Clean Development Mechanism | Output Intentional No (medium) Yes (only UNFCCC website This would be a better alternative for the
(CDM) — number of certified some EU cdm.unfccc.int/Issuance/d number of registered CDM projects, as it takes
emission reductions (CERSs) issugd countries ers_iss.html account of project size. However, currently
per total national greenhouse gas participating data per individual country are not yet
emissions so far) available from the UNFCC website. DATA

NOT INCLUDED.

Growth of EGSS 8.8 Country rankings in Green Pageg Output Intentional Yes (EGS Yes Green Pages website Firms are classified based on their
per billion euro GDP sectors included www.eco-web.com2007 | environmental field. Possible bias for the UK
(green_pages) only) Eurostat estimate for 200y (website is in English only).

GDP

Trade in EGSS products | 9.1 Exports in EU-27 eco-industry Output Intentional Yes, but by Yes COMTRADE, OECD; The OECD/APEC combined list of products is
products to China and India (as product groups 2002-2005 used. Although the list is created in order to
share of total exports to these (e.g. 6-digit HS- capture trade in the eco-industries, most of the
countries) éxpts_indiaand codes) (high) products have other uses besides those
expts_china beneficial for the environment.

Trade in EGSS products | 9.2 Relative world shares (RWS) — | Output Intentional N/A Yes Legler et al., 2003;alat | Only 2000 data used.
relative position of a nation in for 1991, 1999 and 2000
international trade in EGS (export|
orientation)(RWS)

Trade in EGSS products | 9.3 Revealed comparative advantage Output Intentional N/A Yes Legler et al., 2003;alat | Only 2000 data used.

(RCA) — export-import ratio for 1991, 1999 and 2000
compared to the pattern of all
traded goods

Energy and material 101 Energy intensity of the economy 1 Effect Unintentional No (medium) Yes Eurostat; 2000-2005 -

intensity Gross inland consumption of /Intentional
energy divided by GDP, kgoe
(kilogram of oil equivalent) per
1000 euro (‘negative’ indicator)

(energy_intens)

Energy and material 10.2 Resource productivity of the Effect Unintentional No (medium) Yes (except | van der Voet, 2005; data | -

intensity economy — GDP per direct materigl /Intentional LU) for 2000
consumption (DMC) (euro/kg)

(resource_prod)

Energy and material 10.3 Effects from product or process | Effect Unintentional Aggregate Yes Eurostat; CIS-3 (2000) Sector detail is better in CIS4 than in CIS-3.

intensity innovation — reduced materials and /Intentional (medium) and CIS-4 (2004) data Not all service sectors are covered.

energy per produced unit
(weighted by share of innovative
firms) (reduc_mat_energy)
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Pollution and waste leveld 11.1 Weighted emissions of greenhouseEffect Unintentional Some very Yes Eurostat; 2000-2004 -
gases /Intentional aggregate level
(Million tonnes of CO2 equivalent data (medium)
per capita (‘negative’ indicator)

(ghg)

Pollution and waste levelg 11.2 Weighted emissions of acidifying| Effect Unintentional Some very Yes Eurostat; 2000-2004 -
pollutants /Intentional aggregate level
(1 000 tonnes of acid equivalent) data (medium)
per GDP (‘negative’ indicator)

(acid_poll)

Pollution and waste levelg 11.3 Amount of waste generated Effect Unintentional Some very Yes, but data | Eurostat; 2000-2002 Data coverage poor, especially for 2003. Ng
(1 000 t) per GDP (‘negative’ /Intentional aggregate level | only for 15 (2003) later data were available from Eurostat
indicator) data (medium) countries at (NewCronos) at the time of the data analysis|

the most (for Data include countries in both EU-15 and the
2002) new member states.

Other innovation effects | 12.1 Effects from product or process | Effect Unintentional Aggregate Yes Eurostat; CIS-3 (2000) | The question is only partly related to
innovation — highly improved /Intentional (medium) and CIS-4 (2004) data environmental effects. Sector detail is better|in
environmental impact or health and CIS4 than in CIS-3. Not all service sectors are
safety aspects (weighted by share covered.
of innovative firms)

(impr_ehs_impct)

Other innovation effects | 12.2 Effects from product or process | Effect Intentional Aggregate Yes Eurostat; CIS-3 (2000) | The question is only partly related to
innovation — met regulation (medium) and CIS-4 (2004) data environmental effects (here: environmental
requirements (weighted by share pf regulations). Sector detail is better in CIS4

innovative firms)(reg_regs_met)

than in CIS-3. Not all service sectors are
covered.
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