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Abstract

In the struggle to fight global warming developmant diffusion of low carbon technology as
a means of achieving technological change (TC)caueial. The Clean Development Mecha-
nism (CDM) has grown in recent years and curremtiyplves over 4500 projects in non-Annex

| (developing) countries. As such it has becomeanaportant global instrument to influence
technological change.

This study focuses on measuring the impact of th&@n TC in non-Annex | countries. It in-
cludes a framework on TC, a causal model illusitathe way CDM influences TC in non-
Annex | countries and it includes a newly developethod to measure and study the impact of
CDM on TC. This method was applied to case stuighree Indian sectors: electricity, iron
and steel sector and the industry producing hyldardcarbons.

This study has made clear that CDM is having arairhpn technology diffusion and, technol-
ogy development. It concludes that the impact oMCa@h technology diffusion can be substan-
tial but that it differs greatly between countraasd sectors. It also concludes that CDM projects
can lead to learning, R&D, spillovers and econonaiescale and thus contribute to technology
development. It was also found that the impact BMCon the national innovation system is
complex and not well understood.

Keywords: Clean Development Mechanism, technolégdaange, technology diffusion,

technology development, sustainable developmenérnational climate policy, technology
transfer, clean technology diffusion.
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Executive summary

The development of new technology and the glotfédsion of state of the art existing technol-
ogy play a key role in fighting global climate clgen Technological change (TC) could greatly
decrease the costs of GHG mitigation actions.

The Clean Development Mechanism (CDM) has growniigntly over the past years and has
become an important international policy instrumekg of 2009 the CDM project portfolio
contains over 4500 projects and the value of th® @tarket in 2007 was about $8.4 billion
USD leading to over $45 billion USD in project istaents and it is expected to grow in the
coming years.

The CDM is therefore an important global instrumenbwever the effects of the CDM on
technological change are not yet fully understadukrefore this research sets out to develop a
method and measure “the impact of the CDM on teldgical change”.

For this research a new method was developed imguddicators for technology diffusion,
technology development and the innovation systeme. developed method proves to be a use-
ful tool in studying the effect of CDM on technologl change. Applying the method helps us
improve our understanding of the relation betwe&MCand TC in non-Annex | countries and
gives us results of the impact of CDM on TC in sji@sectors.

The main conclusion from the analysis is that thpact of the CDM on TC in India is consid-
erable although the impact differs between countaied between sectors within a country. This
study found that the impact is not only a resulthef diffusion of technologies but that CDM
also plays a role in technology development (R&2yrhing, spillover and economies of scale).
The impact of the CDM on the national innovatiosteyn is still little understood.

In this study the following questions were used:
* What is technological change?
* How does CDM influence TC in non-Annex | countries?
* How could the impact of CDM on TC in non-Annex uctries be measured?
* What is the impact of CDM on TC in non-Annex | ctigs?

These questions contain the development of a methddhe application of the method to case
studies. This method includes a perspective onal€usal model depicting the way CDM in-
fluences TC in non-Annex | countries and the dgwelent of measurable indicators to measure
the impact of CDM on TC in non-Annex | countries.

First | will summarize the method that was devetbpad secondly | will summarize the key
findings that were derived from using this methodpecific case studies.

The method

In this study technological change is defined acess as consisting of technology development,
technology diffusion and the national innovatiosteyn (see Figure 1-1).

National Innovation
System

Technology
Development

Technology Diffusion

Figure 1-1 Schematic representation of the compsraitechnological change
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The national innovation system is the completeo§atstitutions influencing the speed and di-
rection of technological change. Technology develept is the process of improving quality
and decreasing cost of technologies. Technologgldpment is assumed to be derived from
four sources: R&D, learning, spillover and econ@moé scale. Technology diffusion is the ap-
plication of a technology in society and only thgbudiffusion does technology affect the total
production function of a society. These three aspet technological change influence each
other.

Based on the theory of technological change amgarétical understanding of the CDM, | pro-
pose a causal model that aims to explain the walWl @idght impacts technological change in
non-Annex | countries (see Figure 1-2). Measunumgying and quantifying these assumed rela-
tions is the subject of further analysis withirsthesearch.

_________________________________ -~

TC in non-Annex | >«
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Technology
Diffusion

Economi
es of
scale

National
Innovation
system
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Figure 1-2 Causal relation between CDM and TC in-Aanex | countries
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CDM first of all creates a financial incentive tdfase technologies; however there is still a
knowledge gap with respect to the way to measuseifipact. Secondly it is expected that the
diffusion of technologies under CDM will benefit R& learning, spillover and economies of

scale in non-Annex | countries by which CDM coulehtribute to technology development.

This relation is however still poorly studied. Tdiy the CDM is a global policy and literature

suggests that it might also influence national vatmn systems. However the latter has not
been empirically confirmed.

Because this research is first of its kind it imige a new method to measure TC. The method
includes indicators for technology diffusion, teology development and changes in the na-
tional innovation system and uses data from the Gayline, national GHG emission data,
PDDs and other freely available sources. The methasl applied to three Indian case studies:
the electricity sector, the iron and steel sectat HFC producing industries. The method has
proven to be useful in studying the effect of CDMtechnological change.

With respect to technology diffusion at a country &sector level | took the relation between
historical GHG emissions and generated CERs asdication of technology diffusion through
the CDM. On the level of specific technologies elifint indicators (such as installed capacity in
MW) are used.

To measure whether CDM projects led to technologyetbpment 20 PDDs were analysed.
This included 6 PDDs about wind power projectsPDDB on project in the iron and steel sector
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and 7 PDDs on HFC mitigation. In this text analyBiBDs were screened for indicators of
learning, R&D, spillover and economies of scale.

With respect to the impact of CDM on the natiomalavation system this research combined
text analysis of PDDs with theory, literature aedhnology diffusion findings to improve our
understanding of the impact of CDM on the nationabvation system.

The results

An assessment of the CERs produced per countryvest® the GHG emissions of each coun-
try indicates that CDM has a different diffusionpiatt on different countries (see Figure 1-3).
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Figure 1-3 Impact CDM on total historical emissioam#\sia
An assessment of the CERs produced in India octardevel relative to the GHG emissions in

2005 of each sector (this data was not availabiered to be constructed from different data
sources) indicates that CDM has a different difasimpact on different sectors within India

(see Figure 1-4).

5E9
M 5HG emissions (2005 )[MtonCO2-24q.] W MICER's [ year

295

Figure 1-4 Impact assessment of CDM induced tecigyadiiffusion in India on a sector level

ECN-E--09-000 7



Within the electricity, the industry and heat, irand steel, cement and glass, paper and pulp,
waste, oil and natural gas related, HFC and PF@rseof India, CDM had a considerable im-
pact on technology diffusion. In the transport,jdestial and commercial, LULUCF, Agricul-
ture, manure, biomass burnt for energy, coal pricdln@nd NO producing sectors of India,
CDM had no or little impact.

Apart from looking at technology diffusion by retey GHGs to the CERs per sector, this study
also took a closer look into the role of CDM witlipecific sectors.

In the electricity sector it was found that CDM laasonsiderable impact on the national target
for additional electricity capacity. Figure 1-5 siwthat 20GW of additional capacity is planned
to be installed in India using co-finance from CDMis equals to 20% of the total planned ad-
ditional capacity by 2012. Over 4 GW of this capa@ derived from wind power (see Figure
1-6).
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2,000

1,000

MW

Figure 1-6 Different categories in which capac#tyristalled

Figure 1-5 Contribution of CDM to
India's additional national
electricity ambition

An assessment of the total amount of wind power waes installed using co-finance through
CDM relative to the total amount of wind power &itd in India indicates that CDM co-
financed over 40% of the total installed capaaityridia, that in 2008 up to 100% of all new
projects are co-financed using CDM and that betva& and 2007 over 4 GW of wind power
was installed without using CDM as a means of oasice (see Figure 1-7).
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Figure 1-7 Cumulative total installed capacity annulative development under CDM (see

Appendix I)
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The CDM has a considerable impact on technologiysldn in India, but the impact differs
greatly between sectors. In 2006 India emittedssimated 1,975Mt CO2-eq while technology
diffusion by the CDM mitigated 75 Mt CO2-eq (3.8%¢asured in CERs.

An estimated 11M CERs/yr is mitigated from HFC eémg industries which equals about
100% of the sector’'s 2006 production (mainly dudHteC-23 destruction), the 37M CERs/yr
from the electricity sector equal about 7% of thetar's 2006 emissions and the 8M CERs/yr in
the iron and steel sector equal about 6% of theose®006 emissions. However in other sec-
tors such as the transport, residential & commkbksra manure sectors the CDM has had al-
most no impact.

It is found that CDM does not only impact techngl@iffusion but that CDM projects may also
benefit technology development. Within this reskatechnology development is a result of
learning, R&D, spillover and economies of scale.

In the iron and steel sector the assessment irdichat CDM projects impact technology de-
velopment through stimulating a combination of feéag, R&D and spillover. In the electricity

sector it was found that CDM aided the market exmanof domestic wind turbine manufactur-
ers. In the HFC producing industries it was foulnalt tCDM contributed mainly to technology
transfer of HFC-23 destruction technology from Ewgoln the first two CDM projects using

different HFC mitigation technologies CDM contribdtto a combination of learning, R&D and
spillover.

The method proved to be unsuitable to study theanhpf CDM on the national innovation sys-
tem. Different indicators of changes in the NIS difterent data sources to measure these indi-
cators will have to be used in future research.

Although literature suggests that CDM may creafgeaverse incentive to non-Annex | coun-
tries to take on stringent environmental policyréheemains no empirical research to confirm
this occurrence.

The technology diffusion data from this researckesdbowever suggest that India used to de-
velop wind turbines without CDM co-finance from 20R007, but that by 2008 India has
learned to use CDM in addition to domestic supposll new wind turbine projects.

The main conclusion from this research is that@B# can have a considerable impact on TC
in non-Annex | countries. The impact is primarihetresult of technology diffusion; however
the CDM also appears to positively influence tedbgy development. The impact on the na-
tional innovation system is important but remaititelunderstood.

Recommendations

About the method and its application in future agsk | recommend a number of improve-
ments. This study is limited in the number of coigstthat were looked at and in the number of
PDDs that were studied. Also the method provedeaisuitable for studying changes in the
national innovation system.

Therefore future research could apply technoloffysion analysis to a larger number of coun-
tries and increase the effort with respect to logkior explanations in the differences between
sectors and countries.

With respect to measuring technology developmeatdmmend refining the indicators and ap-
plying them to a larger number of PDDs. Due tolilesed nature of PDDs | also recommend
field visits to get more balanced data. These nreasare needed to increase validity and im-
prove our understanding of the causality betweeMQibojects and technology development.
With respect to the changes in the national innoxadystem | recommend using different indi-
cators and data sources, for instance interviews stakeholders. The current method is unsuit-
able and therefore a creative new approach is deede

These recommendations aim to move the researchdistep ahead. Whilst this research set a
first step in measuring TC, follow up research dauacreasingly focus on finding explanations
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for the measured differences, using these explamatio build theory and applying theory to
design future policy interventions.

With respect to policy | recommend the membershef UNFCCC to consider the sectors in
which CDM has had little or no impact on technolalffusion. Technology diffusion in these
sectors may be achieved by either consideringreffiie(new) mechanisms apart from CDM or
by improving the effectiveness of the CDM.

| also propose the idea that CDM could be used me&hanism to stimulate the development
and demonstration of innovative new technologi¢ss Ts in same line of thought with Ghana’s
proposal “on options for effective mechanisms anbamced means for technology develop-
ment and transfer” which includes the idea to ¢rédchnology development, deployment, dif-
fusion and transfer”.

This could be done by awarding additional creditsCDM projects with specific technology
development benefits. Awarding credits through aketabased instrument could be a politi-
cally acceptable tool to secure part of the langewunt of finance that is needed for low carbon
technology development.

The CDM executive board could manage a list of neétgies that are in need of development
and demonstration assistance and changes toghisolild be proposed by governments, civil
society, industry representatives and the sciercdmmunity.

| also propose a new policy idea that creates #@iy®sncentive for non-Annex | governments
to install more stringent environmental policy.ropose to do this by allowing a time lag of five
years between the moment new national (non-Anngxligies are put in place and the moment
these policies need to be considered in the addiity check of CDM projects. This time lag
would give non-Annex | companies five years to chmpith local regulation by using co-
finance from CDM.

This removes the negative incentive that prohigisernments of non-Annex | countries to
adopt progressive environmental policy. In returadtually gives governments the means to
stimulate and encourage the diffusion of techn@®ginder CDM. It gives them the possibility
to govern and stimulate the use of CDM within tlogiuntry without being negatively rewarded
for doing so.
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1. Introduction

This research is about the impact of the Clean Deweent Mechanism (CDM) on technologi-
cal change (TC) in non-Annex | countries. In orleunderstand the importance of this research
it is necessary to have some understanding ofdmibepts and their relation.

This research starts with the premise that themoiddwide need for TC (IPCC, 2007). This
notion is strongly rooted in the current debateualotimate change and energy security. Fossil
fuel resources are being depleted and are becamimg expensive and there are strong indica-
tions that global warming is to a large extent homaduced, i.e. caused by greenhouse gas
emissions.

In order to fight climate change and at the samme tallow sustainable economic growth we
particularly need to change the way we organizeemargy production and consumption. We
need to change our behaviour and we need to clibagechnology that we are using.

To achieve both energy and climate security weraafonger keep depending on increasingly
scarce and increasingly expensive fossil fuelsal@ur society needs to come up with new
sustainable technologies that can replace unsasiaitechnologies, we need to start utilizing
these technologies and we need to bring down this @b these technologies. In other words we
need technological change in our energy system.

Climate change and energy security are worldwiddlems. We cannot solve these problems if
TC occurs only in industrialized countries. We nedurther develop technologies and diffuse
them to both the developed and the developing wdithe diffusion of technology to develop-
ing countries is of great importance in the contéxhe huge increase in energy use of develop-
ing countries that is bound to happen in the corgieays. Not installing the best available envi-
ronmental technologies while these economies aparekng rapidly would greatly increase
greenhouse gas emissions in the coming decadedemnease our abilities to fight dangerous
climate change.

The CDM has been designed under the Kyoto Proteduth established emission reduction
target for industrialized countries. It allows istiualized countries (Annex | countries) to com-
ply with their reduction targets by participating @mission reduction projects in developing
countries (non-Annex | countries). Reduction of &siuns is often cheaper in developing coun-
tries, thus creating an incentive to participatéhese kinds of projects. Apart from cost effec-
tive greenhouse gas reduction, the CDM rules pitesc¢hat projects should contribute to sus-
tainable development in the host countries.

Within the Kyoto protocol the CDM is the main menlsan capable of influencing TC in non-

Annex | countries. Since its introduction the CDldshgrown considerably. As of 2009 over
4500 projects are in the pipeline and over 140 leen registered (UNEP/Risg, 2009).

The first commitment period of the Kyoto protocolds in 2012 and it is unknown what will

happen afterwards. In 2007 in Bali nations agreaed coadmap to come up with a new climate
agreement in Copenhagen 2009 (UNFCCC, 2008c). ®heept of achieving global coopera-

tion on technology issues is to be an important gaa new agreement.

As the CDM has so far been the most important meshaunder the Kyoto protocol to influ-
ence investment toward developing countries ancesdiffusion of technology towards devel-
oping countries is an important element of TC,aih e expected that CDM will be included
into the discussion on stimulating TC. Neverthelesgs never studied what the real impact of
the CDM on TC has been so far. Most research facaséhe transaction costs of the CDM
process and the amount of technology transfer (mai) takes place under the CDM. This re-
search aims to contribute to filling this reseagap and aims to interpret the results to allow for
policy conclusions and recommendations.
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1.1 Research problem

The CDM is a relatively young instrument and altfloa lot of research has been done on
CDM (595 research articles were found using thigwaed on Scopus) there is still a lot un-
known or disputed about the efficiency and effemmizss of CDM (McCully, 2008; Wara et al.,
2008). In particular the impact of CDM on TC as laoke in non-Annex | countries has not yet
been studied before.

Therefore the main research objective is to devalagpethod to measure the impact of CDM on
TC in non-Annex | countries and apply this metho@ inumber of case studies. Developing this
method will involve defining the concept of TC atichwing up a preliminary causal model ex-
plaining the relation between CDM and TC. It wil@ include identifying suitable data sources
and developing measurable indicators of TC.

The application of the method could improve ourensthnding of the impact of CDM on TC in
non-Annex | countries, help to direct future reshaand lead to policy recommendations.

Current literature on both CDM and on TC will seagea starting point to build upon in this re-
search. There is already extensive research onfietdls separately. This study can build upon
previous studies into the CDM, among others: ssudito the effect of the CDM on technology
transfer (Coninck et al., 2007a; Dechezleprétral.et2008), studies about the contribution of
CDM to sustainable development (IOB, 2008), speaiase studies into CDM governance
structures (Benecke, 2008).

This study will also build on literature on TC, amgoothers: studies into the effects of environ-
mental regulation (policy) on TC (Jaffe et al., 2p0Yarime, 2003; Goulder, 2004), studies
about the modelling of TC (Zwaan et al., 2002; @eul 2004) and studies into the economics
of technological change (Stoneman, 1983) and ftifiestbn of innovations (Rogers, 2003).
There is a need for more studies into the TC iretdgmng countries (Gonzales 2008p867) and
also for empirical studies into the impact of pgplan TC (Jaffe et al., 2002).

1.1.1 Initial exploration of the concept of technological change

Technological change finds its complexity in itdiniégon, the context in which it is used and
the difficulty to measure it. After reading abohétconcept of TC, | found that a good introduc-
tion into the concept is given by Jaffe (2002), vilased his text on Joseph Schumpeter (1942):

“Economic theories of the process of technologange can be traced to the ideas of Josef
Schumpeter (1942), who distinguished three stagdbd process by which a new, superior
technology permeates the marketplace. Inventiostitates the first development of a scientifi-
cally or technically new product or process. Invens may be patented, though many are not.
Either way, most inventions never actually devefdp an innovation, which is accomplished
only when the new product or process is commeradlithat is, made available on the market.
A firm can innovate without ever inventing, ifdentifies a previously existing technical idea
that was never commercialized, and brings a produgirocess based on that idea to market.
The invention and innovation stages are carried mirarily in private firms through a proc-
ess that is broadly characterized as “research aestelopment” (R&D). Finally, a successful
innovation gradually comes to be widely availabbe @ise in relevant applications through
adoption by firms or individuals, a process labeltiffusion. The cumulative economic or envi-
ronmental impact of new technology results fronitake of these stages, which we refer to col-
lectively as the process of technological chan@kiffe et al., 2002p2).

A shorter definition is given by Pan et al (2006p);5vho describes technological change sim-
ply as:“a process of phasing-out old and phasing in neshtmlogies”
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I will use the above as a starting point to developunderstanding of TC and eventually to un-
derstand the relation between the CDM and TC.

1.2  Scope of this research

This study investigates the effect of CDM on TChion-Annex | countries. How this mecha-
nism influences the process of TC in Annex | caestwould also be an interesting topic of
study but is beyond the scope of this research.

This research focuses on the development of a mdthaneasure the impact of the CDM on
TC in non-Annex | countries. This is a necessitycsithe development of the method is a pre-
condition to be able to actually execute largeesoad¢asurement of the impact of CDM on TC.

The application of the method is limited to a numbfecase studies. These case studies could
help us improve the developed method and givesaifipression of the impact of CDM on TC

in a specific non-Annex | country. It is possibat the results of the case studies can be gener-
alized (taking into account the limitation of indiwve reasoning) to say something about the
general impact of CDM on TC.

1.3 Research questions, research methods and data requirements
The main research question of this thesis is:

What is the impact of the Clean Development Mechasim on technological change?

In order to answer this question a number of sutstions need to be answered. | will discuss
each of the sub questions and discuss the methotlphopose to answer each sub question and
the data that will be needed to answer each suftiqune

1. What is the CDM?

The CDM is a complex instrument and it is essentajive a good explanation of the mecha-
nism. This is not really a research question bt wduthe importance of explaining the CDM |
will treat it as a research question.

This would include answers to questions such asat\Vdhe the goals of CDM? What is the his-
tory of CDM and what are its future prospects? Wirdicism does CDM get? How does the
CDM market develop? What is the regional distribntof CDM projects?

Research method: Literature study.

Data requirement: Literature about the CDM.

Data sources: Books, reports and journal artiateg.:(UNFCCC website, Scientific
databases (Scopus) through DUT library and bookthenDUT Ii-
brary).

2. What is technological change?
This question is needed to improve our understandinthe concept of TC and to develop a
useful definition of the concept that can be useithé following chapters.

Research method: Literature study.
Data requirement: Literature about the TC.
Data sources: Books, reports and journal articeg.(Scientific databases (Scopus)

through DUT library and books in the DUT library).
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3. What is the causal relation between CDM and TC in an-Annex | countries?

I will draw on theory on both CDM and TC to develagausal model that illustrates the way
CDM could influence TC in non-Annex | countries.iJ is needed to get a preliminary theoreti-
cal model of the relation between CDM and TC wihaeln later be used to direct the develop-
ment of indicators.

Research method: Literature study.
Data requirement: Literature on the CDM and on TC.
Data sources: Books, reports and journal articeg.(Scientific databases (Scopus)

through DUT library and books in the DUT library).

4. How can the impact of CDM on TC in non Annex | coutries be measured?

The preceding research questions will lead to treeldpment of a perspective on TC and
causal model illustrating the way CDM could imp@&@ non-Annex | countries. This question
aims to identify possible data sources and devieldigators to measure the impact of CDM on
TC.

This is likely to be challenging. Technological ojga is a concept that is difficult to measure.
“Technological change is a phenomenon of developmewhich is only traceable in its effects
as a drop in its stream (Schumpeter, 1934)".

Research method: Literature study and a brainstatmthe international policy analysis
team of ECN.

Data requirement: Literature.

Data sources: Books, reports and journal articeg.(Scientific databases (Scopus)

through DUT library and books in the DUT library).

5. What is the impact of CDM on TC in non Annex | courries?

This research aims to apply the method developeteruthe previous question to a limited

number of case studies. The application of the atkthill be used to test the method and to
draw conclusions upon the impact of the CDM on TiQhe cases studied. It is possible that
some findings could be generalized to say somethiiayt the impact of CDMs on TC in non-

Annex | countries in general.

Research method: Desk research and data anadysist fesearch method will depend on
the outcome of the method developed in sub reseprestion 4).
Data requirements: e.g. Data about emission lesads projections in non-Annex | coun-

tries and specific sectors, emission reductionrgi@ks and data about
the specific characteristics of CDM projects.

Data sources: e.g. UNEP RISOE pipeline databasdufles aggregate data on all
CDM projects), PDDs (each CDM project is requiredwite a detailed
project development document containing all detilsut the project),
Technology Needs Assessments by GEF or stakehdidensspecific
projects, country specific CDM potential analyssg( (Adhikari et al.,
2008)). IPCC, Energy Technology Perspectives, Wiédtecost curves.

6. What can we learn from this research?

After an analysis has been conducted of a limitealver of cases we may be able to draw con-
clusions and recommendations.

First of all we can draw key findings with resp&atthe applicability of the newly developed
methodology. Secondly we can draw key findings wé$pect to the impact of CDM on TC in
the specific cases that were studied. Possibly sa®e study findings can be generalized to say
something about the general impact of CDM on T@adn-Annex | countries.
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Research method: Interpretation of results byattedyst.

Data requirements: Data on the impact of CDM oniff @on-Annex | countries.

Data sources: The data derived from this researatombination with discussions
about the findings with experts at ECN.

1.4 Outline of the Thesis

The outline of this thesis will follow the order thfe above mentioned sub questions. Chapter 2
will introduce the Clean Development Mechanism ahadpter 3 will define the concept of TC.
In chapter 4 the causal model of the relation betwthe CDM and TC in non-Annex | coun-
tries will be presented. In chapter 5 the methodttmly the impact of CDM on TC in non-
Annex | countries will be completed with the idéication of data sources and the development
of indicators. In chapter 6 | will present the fimgs of the application of the method to a num-
ber of case studies. The results will be discugsethapter 7 followed by conclusions and rec-
ommendations in chapter 8.
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2.  The Clean Development Mechanism

In 1997 the United Nations Framework ConventionGlimate Change (UNFCCC) agreed on
the Kyoto protocol, under which the CDM has beesigieed. The Kyoto protocol aims at “sta-
bilization of greenhouse gas (GHG) concentrationthée atmosphere at a level that would pre-
vent dangerous anthropogenic interference wittclineate system (in accordance with article 2
of the UNFCCC).

In order to achieve this goal Annex | countriesr{jpgating industrialized countries) are bound
to maximum allowed emissions per year in the pe#0d8-2012 (emission caps). Emission re-
duction to (below) the maximum level allowed by ttep can be achieved in two ways: by
achieving a real reduction of GHG emission doma#icor by using one of three flexibility
mechanisms:

» Emission trading (article 17 of the Kyoto protocofjlows Annex | countries to trade
their assigned emission rights (from Annex | goweent to Annex | government).

* Clean development mechanism (article 12 of the &ywbtocol) Allows Annex |
countries to undertake emission reduction projecton-Annex | countries (de-
veloping countries) and use the emission reductaineved by these projects to com-
ply with their own national targets. The emissieductions achieved under CDM are
named and traded as Certified Emission ReductiCERSE).

* Joint Implementation (article 6 of the Kyoto pratfc Allows Annex | countries to un-
dertake emission reduction projects in other Aninesuntries and use the emission re-
duction achieved by these projects to comply wihirtown national targets.

2.1 The Goals of CDM

The CDM serves a dual purpogeticle 12 of the Kyoto protocoljo assist non-Annex | coun-
tries in achieving sustainable development; araksgist Annex | countries in achieving compli-
ance with their quantified emission targets; andaing so, it has to contribute to the ultimate
objective of the UNFCCC, i.e. preventing dangerbusan interference with global climate
system by reducing global GHG emissions.

Non-Annex | countries may offer cheaper GHG abatgnopportunities than Annex | coun-
tries. This creates a strong financial incentiveAonex | countries to buy CERs to comply with
emission reduction targets.

At the same time the criteria of sustainable dguslent are weakly embedded in the CDM.
This is because the criteria are to be determietid host nation and host nations do not seem
to have a real incentive to be strict on sustalitglriteria (Sutter et al., 2007). The CDM has
thus evolved towards having a strong focus on eisctive GHG reduction. In practice the
goal of achieving sustainability can better be se®em@n “add-on”. Interesting in this respect is
Tinbergen (1960), who said that a government shbale only one policy goal per policy
measure.

2.2 History
United Nations ‘ |\'\n'oriLIMereoroIo,gica{

In 1990 the International Panel or - | Oramizatonauter
Climate Change (IPCC) released it 4

first assessment report on climate s e | ‘ i

change. The IPCC had beer

founded by the World Meteorologi- [#esmsstramision Kyoto Protocol
cal Organization and United Na- 1
tions Environmental Programme COM

(UNEP) to supply decision makersgiq e 2.1 Organizational diagram
with objective information about

climate change.
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Its findings were distressing. It led to the fourgliof the United Nations Framework Conven-
tion on Climate Change (UNFCCC) in 1992, whose @adalto stabilize the GHG in the atmos-
phere in order to prevent “prevent dangerous aptgenic interference with the climate sys-
tem” (article 2 of UNFCCC). The Kyoto protocol flunder the UNFCC and CDM is part of
the Kyoto protocol (see Figure 2-1). Official meetiof the UNFCCC are called COP and those
about the Kyoto protocol are called MOP. Since thification of the Kyoto protocol both
meetings are held at the same time (which is o##&rred to as COP/MOP).

CDM was included in the Kyoto protocol partly besawof an initiative of the Brazilian gov-
ernment and other developing countries. It wasréiselt of a complex negotiation. Important
elements in the negotiations were: The interestiedfeloping countries to attract foreign in-
vestments and the fear that developed countriebtraigade their obligations (Jotzo et al., 2002;
Wright, 2007). In years that followed the detaistee CDM where specified, especially during
the Marrakesh negotiations in 2001. After the Mieesh conference, in 2001, the Executive
Board (EB) of the CDM started with provisional opions. With the Russian ratification the
Kyoto protocol (aims to reduce greenhouse gassésiex | countries by 5.2% within the pe-
riod of 2008-2012) came into force on thé"l& February 2005. At the same date the first
CDM project was officially registered.

2.3 Baseline and Additionality

The core concepts behind CDM are the baseline emgsnd the concept of additionality. A
project is additional if: “anthropogenic emissiasfsgreenhouse gases by sources are reduced
below those that would have occurred in the abseht®e registered CDM project activity” (as
defined by COP/MOP). The base line is what wouldehlaappened if the CDM project would
not have been undertaken.

To determine if a project is additional a busiressisual scenario (BAU) has to be made, which
describes the most likely scenario that would Hasepened without the CDM project. E.g. if
the CDM would not have been there, electricity wiolé produced by a coal-fired power sta-
tion rather than a hydro power plant. First oft# project must result in lower greenhouse gas
emissions than the BAU. Secondly the project shat have happened in the absence of
CDM, i.e. it should be ‘additional’.

Additionality can be proven on the bases of eitherinvestment analysis, barrier analysis or
common practice analysis (CDM EB, 2009). Deterngraditionality can be problematic and
has led to much debate about the usefulness of (emsection 2.6).

2.4 The CDM Project Cycle

This section will introduce the key institutionsatrare relevant for project participants that are
aiming to develop a CDM project. Secondly it witstribe the CDM project cycle, which de-
scribes all the necessary steps to take in ordéetelop a CDM project and receive credits for
it.

2.4.1 Key institutions

Executive Board

The Executive Board (EB) is responsible for theasse of the CERs. They have to make sure
that all credits that are issued were derived attogrto the right rules and procedures. This also
gives them a (political) responsibility to protébe integrity of the CDM. The dilemma they
face is that too easily issued CER’s might leadrelits issued that do not represent an actual
emission reduction. At the same time, too strich gtance to the issuance of CER’s might make
it very difficult for market parties to participaite CDM projects.

The members of the board are appointed by the UNE-C@nference of Parties (COP).
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Designated National Authorities

Every country that participates within the Kyotoofecol has to designate a Designated Na-
tional Authority (DNA). Both the DNA of the host dmAnnex | country have to approve the
CDM project. A DNA can set rules about what thegidewithin a project, for instance in rela-
tion to its contribution to sustainable developmamabout taxation of projects.

Designated Operational Entity

A Designated Operational Entity (DOE) is an indegenti third party (a company) accredited
by the EB. The DOE is responsible for the Validatiderification and Certification of projects.
The DOE is hired and paid for by the project depefo The latter creates an incentive to ap-
prove and be less critical about the project theyetto review.

2.4.2 The CDM Project Cycle

The CDM project cycle can be divided in a developtrghase (before the actual operation of
the project) and the implementation phase (duriregactual operation of the project) (see Fig-
ure 2-2) (this text is based on (Mizuno, 2008)).

Preparation FlEpsiationoffouctly
Prioe to the preparation of a Product Design Doct & Ll [.Z'i’,ijfer
ment (PDD), the project developer informs the ho £ -
country's DNA of its intentions to develop a prdjec & s |
This is done through a Project Idea Note (PIN) ar 2 | - sl
is optional. If the DNA accepts the proposal a érett S
of Intention (Lol) is signed that sets the locahde @ Vakdation e
tions for developing the project. g
The main document that a project developer has i =
write is the PDD. A PDD should contain informa: - '
tion about the project activity, the baseline mdtho o MonNoHg _
ology, the monitoring methodology, the crediting ® il
period and stakeholder comments. T _Cpetor_
_E Verification
Approval © DOE
The PDD has to be approved by the host DNA. ® :
5 Certification
Validation and registration 'EL DOE
The project developer chooses a DOE which has =
validate the PDD. This includes checking if thi ISHMACEDTCRILS =

PDD is correct and allowing public comment on th B A
PDD. After the DOE decides to validate the projecEkigure 2-2 CDM project cycle (Mizuno,
a request for registration is filed with the EB. 2008)

Monitoring
Monitoring occurs after the project becomes openati The project operator has to monitor the
project GHG emissions in accordance with the momigpplan as written down in the PDD.

Verification and Certification

Verification is an independent ex-post evaluatjerformed by a DOE, of the monitored GHG
reduction by the project operator. Certificatiorthe written assurance by a DOE that a project
activity achieved the reductions in GHG emissiosivexified.

Issuance of CER’s

After the DOE certified the GHG reduction the EBues the CER’s in accordance with the
DOE findings.
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2.5 CDM developments

The CDM developed more reapidly than intially exeelc As of september 2008 there are 3819
CDM project in the pipeline, of which 1152 projetisve been registrered by the EB, 200 are in
the process of registration and 2457 are at vadidatage.

The total number of available credits for the perad 2008-2012 is predicted to be about 300
million a year and this number is expected to iasesto over 700 million credits per year for
the period of 2013-2020 (UNEP Riso, 2008). To s into perspective; the total CO2-eq
emmisions of the Netherlands is just over 200 amlkionnes per year.

Figure 2-3 and Figure 2-4 give an overview of thi#fecent CDM project that are being
developed and the expected CER’s that will be geadrbecause from them.

HFC & N20 reduction 95| HFCs + PFCs + 5F6, +N20

Renewables 2388|Biogas + biomass energy + geothermal + hydro +solar + tidal + wind
CH4 reduction & Cement & Coal mine/bed 583 Agriculture + cement + coal bed/mine + fugitive + landfill gas +
Supply-side EE 403|EE supply side+ EE own generation+Energy distribution

Fuel switch 129|Fossil fuel switch

Demand-side EE 186|EE households+EE industry+ EE service

Afforestation & Reforestation 27| Afforestation + reforestation

Transport 7|More efficient transport,biofuels are under biomassenergy

Figure 2-3 Categorization of CDM projects (UNEPdRI2008)
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Figure 2-4 Growth of total expected accumulated?20ERs (UNEP Riso, 2008)
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Most projects fall within the category “renewablelievertheless Figure 2-4 illustrates that de-
spite the large number of projects within “reneveshy these projects generate relatively fewer
CERs than CH4 or HFC reduction projects.

A relative small number of HFC-23 destruction potgeand NO projects have been undertaken
at the beginning of the CDM. These projects gerer&trge amounts of credits (HFC-23 gasses
have a 12,000 times stronger climate impact tha)C(d big profits while requiring only
small investments.

In the last years the number of renewables projecteased more rapidly (see Figure 2-4).

Also the number of small scale projects increaBeyd (2007) states that the number of small

scale projects is about equal to the number oklaogle projects. This is surprising since small
scale project were predicted to be ill favouredrwestors because of the increased influence of
transaction costs. Special procedures for registratf small scale projects might be part of the

cause.

As can be seen from Figure 2-5 most projects aveldged in China and India. About 80% of

all the CER'’s are generated in Asia & Pacific. Abt6% of the CER’s are generated in Latin
America. On a per capita basis the number of CHRIsatin America is higher than Asia. Af-
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rica is under performing, since only about 3% otle CER’s are generated in Africa. The un-
equal regional distribution is an important topicebate within the CDM discussion.
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Figure 2-5 Regional distribution of CERs (UNEP Riso
2008)

2.5.1 CDM investment flows

In order to get some understanding of the magnitfdee CDM and its relevance it is impor-
tant to look at the total amount of investment ibahvolved in CDM projects and relate this to
other investment flows.

The World Bank (Capoor et al., 2008) estimates im&007 about €7 billion was invested in
funds purchasing credits or undertaking projeatsl, that this amount could go up to €9.4 bil-
lion in 2008. Taking into account a leverage athmy estimate that the CDM has generated
about €24 billion of investments in clean energ2097.

The UNFCCC (2009) states that in 2007 total revesfu@ERs amounted to $8.4 billion USD,
which led to a total project investments of $4%idml USD.

The average market price for primary credits rargetiveen €8-13,- in 2007 and spot market
credits traded substantial higher at about €16-The leverage factor is expected to be between
6-8 times the money from the carbon credits.

ODA 3.502 11.59%
GEF 133 0.44%
CDM 1,343 4.45%

FDI 25,239 83.53%

Figure 2-6 Energy and Climate Mitigation Finandiédws [$million/yr, averaged over 2002-
2004](Boyd et al., 2007, p14)

Figure 2-6 gives an overview of the different inwvesnt flows from developed to developing
countries related to energy and climate mitigatior2002-2004 (Boyd et al., 2007, p14). The
energy investments from the CDM increased dranigtit@m an expected €1.3 in 2004 to €7
billion in 2007 and surpasses the energy relateer$®as Development Assistance (ODA) and
the Global Environmental Facility (GEF) (see Fig6).

Foreign Direct Investment (FDI) still remains thaiminvestment flow to developing countries.
Domestic investments are even larger and are dstihta be about $1 trillion USD (Ellis et al.,
2007D).
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Based on figures from the IEA and the World Ban&y® (2007) states that there is an energy
investment demand in developing countries of $liBdi a year in the coming years, of which
there is still a funding gap of $80 billion/yr.

Taking into account the leverage factor of CDM potg, the €24 billion (up to $45 billion
USD, depending on source) annually investments rgégck by the CDM could be playing an
important role in supplying these funds in the aagnyears.

2.6 Critique on CDM as an instrument

The main critique focuses on the concept of aduttiity. It basically comes down to the idea
that it is impossible to predict “what would haveppened if the CDM project would not have
been undertaken”.

The fact that currently over 90% of all Chinesedvparks are co financed through CDM credits
raises the question if China would really not htaken any action building wind parks without
CDM. It is dubious to believe that China would hatve build wind turbines without CDM con-
sidering that the Chinese are aware of energy atpest and environmental problems them-
selves.

This raises the idea that some CDM projects dcantially reduce the amount of GHG in the
host country. Since CDM is an offsetting mechanssrd does not reduce GHG emissions, any
non-additional projects would actually contributean increase of global GHG emissions.

Other critique focuses on a perverse incentivéi@f@DM. The CDM is said to reward develop-
ing countries for not taking up stringent enviromt@ policy for strict environmental policy
would render CDM projects un-additional (IEA, 20@225; Schneider, 2007). There seems to
be little empirical evidence to support these ctaim

Another perverse incentive occurs during negotigtid hrough the CDM developing countries
are receiving large sums of money. They are umwltio lose this flow of income. This makes
it harder in international climate negotiationsfitad an international solution that engages de-
veloping countries and includes binding targetsrion-Annex | countries, as this may reduce
CDM opportunities.

The large amount of credits by HFC-23 destructionjquts also led to debate. Wara (2008)
predicts the total payment for the CER’s from HAGjgcts to be about €4.7 billion, while the
total investment costs to install the technologwlddiave been only €100 million. Wara (2008)
concludes that in the case of HFC-23 destructithgramechanisms (for instance a fund) might
have been more sensible. On the other hand thistralgo be seen as the “low hanging fruit”
that is created within any new market. It gave ts¢he debate about the effectiveness of the
CDM.

HFC-23 destruction projects are directly assumebde@dditional (Paulsson, 2009). However
interviews with stakeholders by the BBC give risethe idea that the investment would have
been made anyway (Gregory, 2008).

The large profits that could be generated by HF@&S3ruction created an incentive to increase
HCFC-22 production. A decision to limit these putgeto the HCFC-22 production level of
2005 countered this negative incentive.

Schneider (2007, p50) concludes that “despite th®i criticism, it is unlikely that there are
any perverse incentives to increase HCFC-22 praglucinder the current rules of the CDM.
However, such incentives should be carefully takémaccount in the context of discussions on
crediting additional production capacity”.

Also the institution and registration process czddty the CDM is criticized (Michaelowa et al.,
2005). Registration of a project is expensive amelyy. A big bureaucracy is created to admin-
ister and monitor all the projects (high transacosts). While on the one hand the EB has to
guard the integrity of the CDM,; it is at the sanmad pressurized by Annex | countries and
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commercial project developers to speed up thetragjsn process in order to generate suffi-
cient cheap credits.

Project developers pay a DOE to verify their prbjédso project developers pay better salaries
than DOE’s which drains skilled workers from DOEH¢s project developers. This obviously

puts DOE’s learning more towards the project dgvels than towards the EB. This raises con-
cern about whether dubious projects are in fadtusdlyi guided through the registration process
without actually deserving it.

2.7 Future of CDM

The most important element of a new climate agre¢mal be its success in engaging the
USA and developing countries in the agreemens likely that the CDM will keep an impor-
tant role in a post-2012 agreement, although claage proposed (Schneider, 2009). These
changes are currently discussed during meetingsigaip to Copenhagen 2009.

Major proposed changes (they are only being distl§INFCCC, 2008a)):
Include CCS, LULUCF and nuclear projects in the CDM

» Differentiate between countries and technologias; eeduce the amount of credits that
can be gained through Chinese wind park projects.

» Sectoral CDM, e.g.: allow complete sectoral- ourttdes policies to be eligible for
CDM credits.

» Sectoral Crediting + no-lose targets, e.g.: uselarks within sectors to judge the
performance of specific industry and reward onlystéh companies that perform better
than a certain standard.

* A proposal to skip additionality tests for certpmojects, e.g for renewable projects.

The CDM will be renegotiated and probably change@€openhagen. The exact form is yet to
be determined.
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3.  Technological change

This chapter will introduce the concept of techigadal change and work towards a workable
definition for within the context of this research.

3.1 Introduction

Technological change can be depicted as a dropltiter hitting the surface and the ripples
that form as a result. The droplet hitting the acefrepresents new technology being developed
and the ripples represent the effect that a nelwnt@ogy causes on society. After impact the
circles will become wider and wider representing tiffusion of technology. Eventually the
ripples will fade away and the water will be stitdgy a new droplet of water hitting the surface.

Technological change has caused society to dewsldpmprove. We changed from using rocks
and bones for tools all the way to the developneérihe personal computer. The introduction
of new technologies is often accompanied by in@@gsoduction output leading to increased
prosperity. It allowed new institutions to emergedded to the decline of incumbent institu-
tions, thereby changing the way we organize ourespcConsider for example, the develop-
ment of large sailing ships which led to the introon of the first tradable stock in the Dutch
VOC company or the development of power plants Wwhexl to domestic electrifications and
the introduction of household appliances thus ehajiing traditional role patterns in family live.

Technological change is also a slow and continuesess (see Figure 3-1). Take for instance
the development of the car. Its shape, performandecosts changed a lot since its first appear-
ance in 1894. And the development of cars isabilitinuing full speed as each new model out-
performs the old model, either in costs or qualty.it became cheaper more people could af-
ford one and it went from a celebrity toy to a “KelWagen (car of the people)”. The diffusion
of new technology is often difficult and slow. $tihost people worldwide cannot afford a car
and even in Europe it takes years before the nthstiree technology used in the most expen-
sive Mercedes cars becomes available to the gemaiot.

1500 Today Tomorrow

Figure 3-1 Example of technological change in simguring the last 500 years

Whether TC is a good thing we will probably nevemn The development of technology also
fuels the darker side of humanity. Most notablyhis respect is the development of weaponry,
such as the atomic bomb or the Kalashnikov. Algémstein said: “I do not know what the third
world war will be fought with, but the fourth worldar will be fought with sticks and stones”.
This is a rather dark and unpleasant outlook andldiserve as a reminder to be careful.
However the dominant believe is that TC is a gdwalgt and certainly one that is hard to avoid.
As previously explained TC has been going on stheedawn of man and our current society
rewards and embraces innovation. The innovatingeréneur can make large profits and large
sums of public money are spent on research andlagewent. It seems that our quest for
knowledge and exploration is an imperative thatefrichange and one that it is deeply rooted in
our humanity.
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Climate change is by many considered to be theelsiggroblem that the world is currently fac-
ing. The problem is closely related to the consummpdf our limited natural resources. The IEA
(2006p37) calls it: “twin energy related threatwttof not having adequate and secure supplies
of energy at affordable prices and that of envirental problems caused by consuming too
much of it”.

About the solution Gore (2008) suggests: “When goonect the dots, it turns out that the real
solutions to the climate crisis are the very samasures needed to renew our economy and es-
cape the trap of ever-rising energy prices”. Henefto a “green revolution” which basically
comes down to ‘change’. But what kind of changedsirable?

Ehrlich and Holdren (1971; 1972) introduced form(d& to express the impact (I) of man on
the environment. This formula can be used to aedlys solution space that is available.

I=P*A*T 1)

The impact (1) is expressed as the product of aked population (P), the level of affluences (A)
(wealth per person) and a technology efficiencyda€T). This formulate illustrates first of all
the need to limit population growth. However the&shmoral implications, is hard to achieve and
faces the tragedy of the commons (Hardin, 1968).

Lowering affluences will require regulation, espdlyiin the context of pollution, since nobody
will want to lower consumption voluntarily and péeawill tend to defect agreement (Hardin,
1968).

The idea that environmental regulation inevitaldgds to costs and thus an decrease in afflu-
ence is deeply rooted, although this assumpticnitisized by Porter (1995) who states that en-
vironmental regulation can at the same time betleétenvironment as well as increase eco-
nomic competitiveness through stimulating innovatio

The latter relates to the third option which is mwng the technology efficiency factor (T) by
developing and utilizing more advanced technoldgyroving the technology efficiency factor
would lead to an improved environmental qualityheiit lowering affluences.

It is not surprisingly that TC is said, both by igiolans and scientists, to play an important role
in tackling the problem of climate change. Leadershe G8 (2008) call for “urgency of adopt-
ing appropriate measures to stimulate developmeatdeployment of innovative technologies
and practices”. Grubb (2008) states “achieving deejpictions in greenhouse gas (GHG) emis-
sions at acceptable social cost will involve faaat@ng technological change in the energy and
in other sectors. Indeed, at present this seemfotie few things on which there is interna-
tional agreement in relation to climate change”.

Similar calls can be heard from among others: UNEG&rticle 4.1 of the convention), IPCC,
The World Bank (2008), Blair (2008), Vollebergh (&) and Jaffe et al. (2002).

Apart from tackling climate change, TC can haveositpve effect on economic development.
Next to increased productivity TC can lead to tegedopment of new markets. A country that
is able to become a technology leader ( eg. FinlgittuNokia or Denmark with wind turbines)
creates new jobs and economic opportunities (Bsisé¢, 2005).

Also for developing countries TC is an importargneént of development. Mokyr (1990, pref-
ace) states: “The difference between rich nati@ng poor nations is not [...] that the rich have
more money than the poor, but that rich nationslpce more goods and services. One reason
they can do so is because their technology is héktat is, their ability to control and manipu-
late nature and people for productive ends is soper

Because of its importance it is not surprising thét is a widely studied topic. Research is
aimed at understanding the process of TC in oarfluence the direction and the speed of the
process. Part of the research focuses on the mugl@f TC; different approaches exist to

model TC. Related to this work are the identifioatand ranking of the causes of TC. Secondly
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research is aimed at the question of “how to imfkee TC” (so called induced technological
change). This research builds on the recognitian plolicy can influence the speed and direc-
tion of TC (Orr, 1976) and tries to unravel whatwéd et al. (2006) calls “the black box of
technological change”. The latter is important simieeper understanding of TC is needed in
order to develop effective policy. Newell et al0QB) state that this still requires extensive re-
search on different policies and sectors from déifé methodological viewpoints.

3.2 Definition of TC

In section 3.3 the process of TC will be furthealgsed. For now | would like to make a note
about the terminology that is being used to deedtie process of TC. Apart from “technologi-
cal change”, terms such as “technological progre&dgvelopment” and “improvement” are
used. Although each term is linguistically diffetethey are often used to describe the same.
Their meaning, if not clearly stated in articles sometimes ambiguous. In this report the term
TC will be used to indicate the overall processnekntion, innovation and diffusion of tech-
nology and processes.

Looking at the concept of change from a higher ll@feaggregation one identifies “socio-
technical change” and transitions. The concesoofo-technical change relates to the interde-
pendency between the socio and the technical systewder to achieve change in a society.
Socio-technical aspects include institutional ageaments, such as traditions, habits, law, policy
and organizations. In order to achieve transitiois ioften necessary to change not only the
technical system but also the social system angtbeesses by which they interact (Bots, ;
Williamson, 1998; Geels et al., 2007a).

This study will focus on TC. The broader view otietechnical change will serve as a re-
minder to put technological change in a broadespestive. Technology alone is no panacea,
and tunnel vision as a result of too much focuseshnology ought to be avoided.

Broadly speaking TC could be referred to as “tleepss of phasing-out old and phasing in new
technologies” (Pan et al., 2007, p751) or more i§ipally: TC can occur though “...scientific
innovation and invention; through the adoption auhptation of pre-existing, but new-to-
market, technologies; and through the spread dini@ogies across firms, individuals, and the
public sector within a country” (The_World_Bank,0®) p2).

Adapted from Jaffe et al., (2002) and Schumpet@4Z] 1 prefer to consider it as this:
Technological Change (TC) is the process of ineentinnovation and diffusion of technolo-
gies and processes, leading to an improved perfarenaf a technology or process and ulti-
mately to an improved productivity of a sociéty.

In the next section s | will elaborate on the magrof TC for society, describe TC as a process,
discuss the main scientific perspectives and k&yes related to TC and conclude with a theo-
retical perspective that will be used within thigegis.

| have put part of this on Wikipedia/Technologigdiange myself on 26st of august 2008 (as user.ypds
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3.3 How TC manifests itself in society

Related to the climate change the debate stronglyses on the positive aspects of technologi-
cal change. We hold high expectations that futestology will allow us to fight climate
change at affordable costs (Grubb, 2008). Thisi@eatill explain how TC manifests itself
within our society. What are we trying to achievghwlC or what is our goal? This will be
done by explaining the final result of the proces3 C on our society, using the construction of
wind turbines as an example.

In this thesis a broad definition of technologyiged: encompassing not only the hardware but
also the software and including both tacit and iekpknowledge. Technology is well defined
by Metcalfe (1995): “technology is the ability tarcy out productive transformations”.

The result of technological change can be depiatedccurring on three different levels of ag-
gregation. It comes down to improved efficiency afigctiveness, or as Mokyr (1990) put it:
“an improved ability to control and manipulate mat@and people for productive ends”. In the
following section the example of a wind turbinaiged to illustrate these three different levels.

1. A Total Production Functio
The total production function is the function tlsecifies all the output of a
system based on a set of inputs (Clarke et al820We change in the produc-
tion function is the direct result of installing additional wind turbine. This
can be seen as the diffusion of a technology (whicthis example is a wind
turbine). This wind turbine increases the totateleity output of the country
and it will lower the average CO2 output per kWHlaf country.
Suppose this wind turbine is a direct replaceménh® same amount of elec-
tricity by a coal fired plant; in that case the diturbine would not have in-
creased the total kwh output of the country, it ldduave led to an increase in
the cost price of electricity production (cost priwithout including external-
ities) and it would have led to a lower CO2 producif the electricity sector.
The latter is part of the final panacea to achiewstainability. Eventually, if
100% sustainable technologies are available afptalcle investment costs and
diffused within society, we will produce without gtimg GHG’s or with any
other unsustainable side effects.

2. A Production Possibility Frontie
The change in the production possibility frontiefai direct result of the drivers
of TC (R&D, learning, spillover and economies oalg}. This relates to the
development of new technology, or the advancemeatiiotechnological fron-
tier. An elaboration of these drivers will follow section 3.7.
At least we know that in the case of our examgte (ind turbine), learning
will occur as a result of the construction of thimavturbine. This learning ex-
perience implies that if we build a second wincbine, we could make this
wind turbine better and or cheaper: we have gaegakrience. Or to state it
more formally: it changes “the production possipilirontier, that is, a set of
combinations of inputs and outputs that are tedilyideasible at a point in
time” (Jaffe et. al, 2002, p 42).
To state it less formally: we have created the ipdgg to be able to produce
differently, more efficiently. For instance we caow do the same for lower
costs or at a lower CO2 emission. A new “technalabfrontier” was reached,
which does not mean that this technology is actyalit to use. To take effect
the technology must be diffused within our society.

3. A Possibility to Innovate (the ease and speed whithvwe are changing ol
production possibility frontier):
This indicator is harder to explain or measures best explained by realizing
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that the first level of technological change wasulthe diffusion of ewind
turbine, the second was about the advancementcbhoéogy (either through
learning or through other drivers of TC). This thievel is about the ability to
advance or learn. Basically, “learning to learn™lgarning to advance”. It is
about being able and willing (as a society) toafiely set in motion the driv-
ers of TC.

An effective innovation system is better capabldeairning than an underde-
veloped innovation system.

Measuring the effect of policy on the result of Ti€ other words the outcome of TC) is prefer-
ential over measurement of the input, throughpuwubput of TC (Neij et al., 2006). However if
it proves to be impossible to measure the impa@M on the outcome indicators of TC, dif-
ferent indicators will have to be found. Thereftihe concept of TC will be explored in more
detail.

3.4 Approaching TC as a process

The process of TC can be subdivided into a numbdifferent phases. | will describe a classi-
fication into three phases made by Schumpeter (1®42lassification into six phases made by
Grubb (2008) and a simple classification into twmages that is put forward by the IPCC
(2007). 1 will use the latter during the remainoifghis report.

The process of TC as depicted in Figure 3-2 isvédrirom Schumpeter (1942) and Jaffe et al.
(2002). Invention, innovation and diffusion are touous processes that influence each other.
The process is in reality not always as sequeatiad depicted in Figure 3-2. Invention, innova-
tion and diffusion could happen in parallel and diécomes of different phases influence each
other.

L I ¥

Invention Innovation Diffusion

Figure 3-2 Process of TC

Invention relates to the creation of new techn@sgir processes. It relates to fundamental re-
search and applied research. Invention can leaatlioal new insights or breakthroughs but can
also occur incrementally. What defines it is itstance from the market. A typical analogy
would be with the cartoon character Gyro Gearldos®utch:Willy Wortel) who does brilliant
inventions but does not know how to sell them.

As an invention reaches the market the processravation kicks in. The technology is no
longer theory but as it diffuses we start learrinogn our experience gained by putting the tech-
nology into practice. Innovation is a continuousgass of improving the quality and lowering
the costs: constantly adapting and improving tlelrielogy to please the desires of society and
its customers. Innovation and diffusion is the domef the entrepreneur. A good analogy
would be with Scrooge McDuck (in Dutch: DagobertcRuwho constantly seeks profit by im-
proving business and outsmarting competitors.
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As a technology improves or becomes cheaper Isesraore easily diffused and vice versa,; if a
technology becomes more widely diffused often tbst< and quality of the product improve
(Blackman, 1999).The latter is the result of leagrby doing.

Grubb (2008) divides the process of TC into six phases with different characteristics (see
Figure 3-3). It includes the concepts of technolpggh and market pull. This model representa-
tion helps to distinguish among others the conceptavention and innovation. In his model a
technology starts as an idea and moves througHitteeent phases towards a consumer ready
product. During this process the technology grdgudécreases in price and or increases in
quality. As market pull increases the technologytstto diffuse more rapidly.

Pre Niche Market Fully

Commercial & Supported Commercial

/

Market
expansion

Basic R&D Applied R&D

\

Cost per unit

Demonstration

Commercial

/ [ / /

Figure 3-3 Activities for spanning the innovatidram (Grubb, 2008, p24)

The first three phases are characterized by theritapce of what is referred to as technology
push. Technology is improved mainly because of R&fDrt. Prices decrease and the quality of
the products increases. These phases correspdnd/hat is called invention in Figure 3-2.

The last phases are characterized by the imporinoarket pull. The product starts to become
commercialized. As the product starts to diffusélmmarket (first through niche markets) the
influence of learning takes effect. Learning redate innovation occurring due to experience.
These phases correspond with what is called infmvat Figure 3-2.

A popular way of describing the complete procesR,[3,D&D: Research, Development, Dem-

onstration and Diffusion.

The IPCC (2007, p152) simplifies the process of TC:
“One approach is to consider technological chargyeoaghly a two-part process which in-
cludes:
(1) The process of conceiving, creating, and demtpnew technologies or enhancing
existing technologies — the process of advanciagtécthnological frontier’.
(2) The process of diffusing or deploying thesdtedogies.”

I will use the two-part process as a classificatmstructure this research.

3.5 Technology development

One of the most important elements of TC is de@nggsroduction cost per unit and improved
performance of the technology. In the beginning iinenomenon is mainly driven by R&D,
when a product becomes diffused other drives, masteably “learning-by-doing” become in-
volved.

Wright (1936) first introduced the concept of ldaghwhen he found that costs decrease with
cumulative production. The blue line in Figure 8€picts decreasing costs per unit.

The experience curve was developed by the Bostaos@iing Group and states a decrease in
costs the more often a task is performed and iesliedwide range of drivers. An example is
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given in Figure 3-4, which represents both a liresaad a logarithmic representation of the de-
crease in costs as an effect of an increasedlatgtal of PV-modules.
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Linear representation of an experience cu Double-logarithmic representation of an experience curve (same as in Figure A1)

Flgure 3-4 Experlence Curve for Photovoltaic ModutE976-1992 (IEA, 2000).

3.5.1 Why do we innovate?

Jaffe et al. (2002) identifies two theories regagdihe determinants of innovative activity: “The
induced innovation approach” and the “evolutionapproach”. Both ideas try to answer the
guestion; “why do firms innovate?”

The induced innovation approach is based on theeptrof rational profit (utility) maximizing
behaviour. Companies see R&D activities as projgnetsare judged on their Net Present Value.
Investment decisions about R&D projects face twanrpaoblems: First the outcome of a deci-
sion is highly uncertain or in other words has ghHevel of variance. Secondly, Jaffe points to
the effect of “spillovers”. Spillovers occur whearp of the social benefit of innovation cannot
be absorbed by the company but is rather “spil{@dfow, 1962).

The latter is considered a market failure, sineedtimpany is not able to capture all the benefits
that arise due to their R&D investments. A secodket failure with respect to investments in
sustainability arises due to the fact that negagiternalities are often not included as a market
incentive. In other words: companies are not fimahcpunished for polluting the environment
(Jaffe et al., 2005).

These effects all have a negative impact on R&Detbaanvironmental investment decisions
(Goulder, 2004; Beise et al., 2005). The benefitsyeesting in environmental innovations in-
clude the first mover advantage and the possilititgain patents.

According to this perspective innovation is vergfirmotivated. Because environmental policy
affects the price of environmental input, this tlyeaccepts a relation between environmental
policy and the speed and direction of technologotelnge. This theory includes the idea that
environmental regulation limits the rational profiaximization behaviour of the company.

The evolutionary perspective on the other hand totlie rational behaviour of the firm (Jaffe
et al., 2002). Rather than optimizing, a firm woualdre likely be satisfying, limited by bounded
rationality and information. According to this peestive external constraints do not necessarily
lead to profit reduction.

It even allows for what is described by Porterlg{2095) as a win-win situation in which envi-
ronmental regulation leads to a better environraadtan increase in profit.

Scientific innovation is still almost exclusivelyregh-income activity (World Bank, 2008, p3).
Instead of innovating through R&D, developing coied benefit more from the import, absorp-
tion, assimilation and the diffusion of technolo@yill, 2001, p386). Doranova (2007) states
that in developing countries “the process of T@ssentially a process of learning (knowledge,
skills and expertise) rather that innovation”.

However there are also thoughts that technologgldpment in developing countries is becom-
ing more important and that technology transfenas only about north to south technology
transfer. Developing countries can also be teclyyleaders, for instance Brazil (bio fuels),
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China (coal gasification and hydrogen produced fomal) and South Africa (coal to synfuels)
(Brewer, 2008).

3.6 Technology diffusion

The previous section specified the process of telolgy development. This section will elabo-

rate on the process of technology diffusion.

Technology diffusion generally follows an s-shamenve (see for example Figure 3-5). The
process could be characterized by a takeoff phasecceleration phase and a stabilization
phase (Rogers, 2003). During the takeoff phaselmt#ogy gains some market penetration fol-
lowed by a rapid market expansion during the acagte phase. Finally the market becomes
saturated representing a stabilization phase. Adeaseen in Figure 3-5 different countries ex-
perience the same pattern of diffusion, but sonuaeees clearly advance sooner than others.
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Theories on the diffusion of technology focus oe tluestion of the apparently slow diffusion
of superior technologies. Such as why are peoplaising old cell phones although new mod-
els outperform the old models? These theoriesarmgxplain why superior technology diffuses

as it does, why it diffuses slowly and why doesrglvedy not use the newest technology
(Rogers, 2003)?

The first theory behind the diffusion of technolegjiis based on the idea that the decision to
adopt a new technology is mainly based on the &gedcfinancial returns. An important factor
prohibiting the adoption of new technologies is thet that often the depreciation period of
previous investments has not yet expired. Change fi the depreciation date is costly and
thus the benefits must be enough to overcome charngeto the depreciation date. Therefore
only a limited number of companies will be willitg pay to change to a new technology. As
the technology gradually decreases in price moteraore companies will decide to adopt the
new technology.

The second explanation focuses on the conceptfafmation. People can only adopt a new
technology if they have sufficient information abtie existence of the technology. Within this
theory technology spreads like a contagious diséhsanore people come in contact with each
other the easier the disease can spread.

3.7 What causes technological change?

In the previous section s we have gained an uradetstg of the reason for TC (by looking at
the outcome of TC) and we have looked at TC asoaess, identifying different sub-phases
within both the development of new technology anel diffusion of new technology within a
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society. In this section | will deal with the soescof technological change. These sources ex-
plain what is behind the continuing process of aduzg the technological frontier.

Literature identifies three sources of TC (from fgerspective of advancing the technological
frontier): R&D, learning-by-doing (more general dlming”) and spillovers (see Table 3-1)
(IPCC, 2007,p 152; Clarke et al., 2008). Thesetlagesources directly responsible for decreas-
ing costs and improving (environmental) performantéechnologies that could be applied in
real life. This does not necessarily imply direpplcations of these advanced technologies in
the field, as technology in the field will geneyalhg behind that what is possible at the utter-
most technological frontier. A simple example tmned us is the introduction of new models of
cars or telephones: new technology allows for baitecheaper models, but diffusion of the
newest technology is not instantaneous and follw®re gradual path.

The fourth driver, economies of scale, is not tetbay dependent. Building two units instead
of one allows costs to be shared among two instéamhe unit of production thus leading to
marginal cost reduction. This is an important drif@ cost reduction and therefore it is in-
cluded within this research.

In Table 3-1 | will elaborate on each of the foouces of technological change. | will use ex-
amples to illustrate and clarify the sources.

Table 3-1 Sources of TC (Clarke et al., 2006; IP@@7,p 152)

Sourct: Descriptior (based on Clarke et al. (2006) and IPCC (2(:

R&D R&D is the deliberate action of spendiresource aimed at acquirin
knowledge. Many companies and public institutioms savolved in re-
search and development. Research leads to new &dge/and new or im
proved technologies. Often a distinction is madevben applied and fun
damental research, however both are essential atidititeract with eac

-

other.
Learning Learnin¢-by-Doing (LbD) occurs with the use or the productidradech-
(-by- nology; it occurs when technology is applied arftuded within a society
Doing) The repetition of a task by an individual leadsatoincreased efficiency.
(LbD) The same holds true for companies and countries.

An important element of LbD is its feedback to R&Bxperience in the
field with new technologies is an important sousEénformation that iden
tifies the bottlenecks and problems associated with new technology.
These problems can serve as a direction for fugearch.
Learning-by-doing is sometimes further specifiedninich case Learning
from-using and learning from interacting are in@ddThese effects occurs
user's perspective and because of the interactetween the user of the
new technology and the developer of the new tedgyol

A related aspect of learning is network exterraditif more people start u
ing a technology it becomes more attractive for matities to start usin
that technology. This relates to path dependendytlae reasons why sup
rior technology faces problems taking over the mbent technology.

uJ
1

[V IS}

Spillovers  Spillovers are advancements in dield of researchfirm, sector or countr
have an effect on the advancement of another éeldsearch, firm, sectd
or country. Examples include: the (re) introductain(kite) sails on ocea
going freighters that spilled over from a recreadiokite sector to th
freight sector (see Figure 3-1), improvements i field of materials scit
ences (glare) that lead to costs reduction in #t@space industry or a
vances in Danish wind turbine design could alsorowp the future design
of Indian wind turbines.
The definition of spillover therefore greatly degsron the system bounda-
ries.

oo =

2
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Economies Economies of scale relate to a decreasunit production costhat come:

of scale by increased production size. With an increaseaadyction fixed costs can
be shared among a larger number of production ,uleisling to a lowef
unit price.
Economies of scale are a slightly different drigeifC than R&D, learning
and spillover since: “Economies of scale are nebarce of technologica
advance, but rather a characteristic of productibowever, the two con
cepts are often intertwined, as increased produdaweels can bring dow
costs both through learning-by-doing and economiesale” (IPCC, 2007,
p154).

=)

3.8 Different theoretical perspectives on achieving TC

The previous sections analysed TC in a very stnhged technology orientated manner. This
section will describe different theoretical perdpes and introduce key assumptions about TC.
Choosing to approach TC from different theoretmaispectives or on the basis of different key
assumptions leads to different methodological a@@es and it leads to different solution
spaces about how to influence the speed and direofiTC.

First of all I will elaborate on the relation be®eTC and social change, since theory strongly
emphasizes the fact that it is hard to separate baltowed by a discussion on the different sci-
entific disciplines concerned with studying soachnical change. After that | will elaborate on
the bounded rationality of actors and deal with léneel of aggregation of perspective; from
firm level to system level and from sector to globa

3.8.1 Socio-technical change (STC)

Although this research aims at focusing on TC ddoees clear from previous research that TC
and social change (SC) are closely related anddependent. Technological systems and socio
systems tend to experience some form of co-evaluiibe advancement of a technological sys-
tem cannot be achieved without changes in the lsegsiem; changes in economics, institu-
tions, behaviour, culture, rules and policy areeptial to the successful adoption of new tech-
nology by society (Kemp et al., 1998).

This is a more evolutionary perspective on TC, molw TC is seen as a socio-technical transi-
tion. Limited by bounded rationality and uncertgiattors satisfy instead of optimize. In evolu-
tionary socio-economic theory routines, behaviout the selection environment are important
variables in explaining innovative behaviour an@g@thn of new technology. Innovation and
adaption of innovations becomes less of a plamao@ of a journey.

In a sociologist view technology and society agsely related in a “system that works” (Rip et
al., 1998). Technology co-evolves with changesha 4ocio technical regime. This socio tech-
nical regime is a set of formal and informal rulleat structure society and it includes aspects
such as: culture, knowledge, policy, networks, ratekinfrastructure and technology (Rip &
Kemp, 1998). In a constant quest to reduce unegytaociety becomes locked in into dominant
configurations, hesitant to challenge or changeseheonfigurations. Incumbent technologies
become strongly embedded within the dominant stetbnical regime. Incremental changes
are possible within the regime, but challengingaaldnnovations are rejected by the dominant
regime. New technologies have to compete with taidant structure, are resisted and have a
hard time getting through. New technologies incahat niches from which they are able to
challenge the incumbent socio technical regime IKG&802; Schot et al., 2008)(see Appendix
B for a visual representation).
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Theory on socio-technical change takes a broad wiewhat is important in determining tech-
nological change and takes a less linear persgedipart from market instruments a more di-
verse set of barriers and drivers is looked at.

3.8.2 Different sciences involved in studying socio-technical change

A good overview of the different sciences involvedtudying STC is given by Timmermans et
al. (2008). Timmermans places transition studiés an interdisciplinary context that includes
natural sciences, organizational sciences, pobognses, political sciences, economics and so-
ciology. Even from the unlikely angle of naturalesces we can learn about change, for in-
stance from abrupt energy state changes such aatdhehange of water into ice.

Organizational sciences study among others the axganizations adopt new approaches and
technologies and the role of leadership. “Both gitean studies and change management em-
phasize the need for unfreezing, bypassing inentiarcoming defence mechanisms, breaking
down existing power structures and destabilizing #xisting regime” (Timmermans et al.,
2008, p396).

Policy sciences teach us about societal stabiétgus times of crisis and revolution. “In policy
sciences the focus is on explaining sudden chaingi® otherwise stable processing of issues
and the related rapid change in the public politgrayement around them (Timmermans et al.,
2008, p396).

Political science includes aspects such as pdliglite and dominant groups and their role in
either stability or change. “Political science@iire emphasizes the social conflict behind tran-
sitions, their planned and intentional nature, @gfaany emergentist flavour, the relevance of
particular social groups in promoting, strengthgramd taking the change, like political elites,
as well as how past leaders and dominant groupiseirsociety can make a stand against any
disruptive change” (Timmermans et al., 2008, p397).

Economics approaches include evolutionary andtingtnary economic perspective and analy-
sis of societal development such as changes fraiadiam to socialism. “It among others em-
phasize the continuous interplay between groupsatteabearers of changes and innovation, on
one side, and the breaking strength of dominaniggowhich are challenged by the novelties
introduced by the firsts, on the other” (Timmermansl., 2008, p399).

Sociology describes societal change on the levehtife societies looking specifically at inter-
action between different groups in society.

What can be concluded from the summary of intefpli®@ry perspective on transition by
Timmermans is that there are different disciplimesking to explain change processes and that
we can learn from each discipline to better undetthe process of change and ways to influ-
ence change.

3.8.3 Rationality versus bounded rationality

In a neoclassical economic view agents make rdtmm@ces and try to maximize their utilities
(Weintraub, 1993). A systematic analysis of tecbguial change according to this perspective
is mainly done by studying the input and outpuaafystem, and policy based on that is aimed
at correcting market failures.

Neoclassical economics involves studying the an®ahtoney spent on e.g. R&D (input), the
amount of patents that are produced as a resupyuor the amount of diffusion of a given
technology (output). The hypothesis is that anease of the input variables automatically leads
to an increase in output. More spending on R&Diffusion would, for instance, lead to more
technological change.

Where neo classical growth models for growth apgred technological change as an endoge-
nous factor “dropping as manna from the sky”, neangh theory tried to incorporate techno-
logical change within their models. Including tlais exogenous factors resulted in argumenta-
tion for governmental innovation policy, expansminfree trade zones and improved property
law (Economist.com, 2008).
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From this perspective lack of technological develept is caused by wrong incentives, due to
market failures. The behaviour of the differentoastoperating in this market is perceived as
being rational and profit motivated. In the caseen¥ironmental technology both market fail-
ures within environmental pollution as well as narailures in R&D and technology diffusion
play a role. The existence of both calls for pubiierference since the market chooses an opti-
mum that is not the most desirable from a socigaspective. To achieve the desired outcome
economic incentive based policies are needed tectdooth market failures (Jaffe et al., 2005):

* The first market failure: companies are not purisfee the negative externalities of their
activities and therefore pollute too much. The @society pays (due to the destruction of
the environment) is not reflected in their interoaét structure. This is for instance the case
with CO2 emissions. Putting a price by means of2® @ax, emission permits and limits to
allowed pollution are possible policy options ttemmalize these externalities.

* The second market failure: companies might notivecthe full positive externalities of
their R&D activities and might therefore not investough. The knowledge that is gained
through research programs does not only benefictngpany but benefits competitors and
society as a whole. Patents are one of the meagesasbnteeing companies the benefit of
their own research activities. Public spending &DRs another means of countering the
public good nature of knowledge.

Evolutionary and institutional economics breakshwitie concept of rational actors. Instead it
takes the neo-Schumpeterian standpoint that tleesaate limited in their rationality (bounded
rationality). According to the evolutionary econanperspectives on stimulating growth and
technological change is not merely about correctiragket failures. Co-evolution of techno-
logical change and social change are together megge for increased productivity of a society.
Evolutionary and institutional economics acceptalavthat is less predictable in which inter-
action occurs between technology, institutions eoonomics. Actors do no longer “optimize”
but “satisfy” instead.

From a sociological point of view technology anaisty are closely related in a “system that
works” (Rip et al., 1998). Technology co-evolveshathanges in the socio technical regime.
This socio technical regime is a set of formal aridrmal rules that structure society and it in-
cludes aspects such as: culture, knowledge, paletworks, markets, infrastructure and tech-
nology (Rip & Kemp, 1998). In a constant questeaduce uncertainty society becomes locked
into dominant configurations, hesitant to challemgechange these configurations. Incumbent
technologies become strongly embedded within thaimiant socio technical regime. Incre-
mental changes are possible within the regimechatienging radical innovations are rejected
by the dominant regime. New technologies have topmie with the dominant structure, re-
ceive resistance and have a hard time getting giwaNew technologies incubate in niches from
which they are able to challenge the incumbentostethnical regime (Geels, 2002; Schot et
al., 2008)(see Appendix B for a visual represeotati

In evolutionary socio-economic theory technologickhnge becomes more of a journey. The
change agent (often the government) takes theof@eprocess manager and takes an active role
in shaping the transition trajectory.

3.8.4 Firm level versus system perspective

As becomes clear from the above section, TC caappeoached from a number of different
perspectives. An important perspective not yetudised is the level of aggregation: do we view
TC from a firm level perspective or from a highevel of aggregation; a systems perspective.

Looking at TC from a firm level perspective ackneddes the important role that firms play in
the development and diffusion of new technologym@anies are a major storage of knowledge
and play an important role in knowledge dissemaratiThe development of firm-level capa-
bilities and support systems is vital for succdsasimilation of foreign technology(UN,
2007, p5).
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As mentioned above firm-level capabilities playiaportant role in studying the role of firms
in the process of technology development and ddfusA simple but useful example of firm
level capabilities is given by Bell (2007, pV), whtentifies three levels of technological capa-
bilities:
Operating or production capabilities

-i.e. capabilities for using knowledge that is emikeddn, or closel as:«ociated

with, existing production systems and facilities.
Design, engineering and associated management capities

-i.e. capabilities for transforming existing knowdedinto new, often inna@-

tive, configurations for new or changed producsgatems
R&D capabilities

-i.e. capabilities for creating new knowledge arathéforming it to the sped-

cations required for application in production

Theory on technological capabilities defies themification that knowledge of the latest tech-
nological advances is available everywhere. Whagefierred to as “global learning” assumes
that technological learning in region (or firm) $\also applicable to region (or firm) B. In short,
if the development costs of solar power in Germiamer, the costs of installing solar panels in
India decrease as well.

Theory on technological capabilities instead assutimat firms need to develop competencies in
the field of new technologies before they can biefieim these advancements. In order to be-
come innovative, firms will have to grow from pureperation and maintenance capabilities
towards engineering and management capabilitiesesadtually develop innovative capabili-
ties too.

3.8.5 TC from a system perspective

A system perspective breaks with the notion thattiost important capabilities determining the
speed and direction of technological change cowm fivithin the firm. Instead it takes the per-
spective that it is a relation between both the fand the collective system that determines TC
(Hekkert et al., 2007).

The system perspective does not simply see thdafewent and diffusion of technologies as a
competition between technologies, but rather asmapetition between innovation systems. It
gives a role to both the new technology systemtaedncumbent system. New technologies
develop in “niches” and have to compete with trumbent “technological regimes” (Geels et
al., 2007a; Kemp et al., 2008).

The Innovation System (IS) theory was developethé80’s as a reaction to the neoclassical
approach towards innovation. Neoclassical econdh®gory was thought to be insufficient in
explaining the competitive character of countried & gave insufficient input for policy devel-
opment. It was too stringent. Differences in R&2sging were insufficient to explain different
innovative outputs of countries.

Within innovation system theory different approaclegist. Among others, one difference be-
tween the approaches is the identification of #levant level of aggregation: either sector, na-
tional or global level perspectives are developed.

Instead of rational agents, the concept of boumdgdnality was accepted. With agents that are
not fully aware of the consequences of their densia more evolutionary approach to techno-
logical change emerged. A picture appeared thaamgu the system of innovation as a set of
institutions and linkages between these institgtioBorrecting market failure alone was not
enough to achieve an effective system of innovatiBmen if you fix all market failures, there
are still all sorts of reasons why you cannot ekpearkets to do the right thing” (Metcalf in
Sharif, 2006, p 754).

The following description of the IS concept is pa®d by Metcalfe (1995): “Set of institutions
that (jointly and individually) contribute to thedelopment and diffusion of new technologies.
These institutions provide the framework within @ihithe governments form and implement
policies to influence the innovation process. Ashsit is a system of interconnected institutions
to create, store, and transfer the knowledge sskiill artefacts which define new technologies”.
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Instead of focusing on the input and output of slgetem, National Innovation System (NIS)
theory puts emphasis on the underlying frameworkashpanies, rules and contextual factors
that together determine the capacity of a systedewelop and diffuse technology.

Although the search for performance indicatorstil angoing, the OECD (1997) identified
four types of interaction and a number of indicattirat together form the centre of the meas-
urement on NIS (see Table 3-2).

Table 3-2 NIS Indicators (derived from OECD (1997))

Type Indicator:
Interactions among enterprise R&D collaborations, informal rations,
industry alliances

Interactions among enterprises, univr- Joint researc activities,co-patents and -
sities and public research institutions publications, citations analysis, firm sur-
veys (in which institutions are asked to at-
tribute importance of external relations |to
their innovations activities), knowledge
centres / clusters.

Diffusion of knowledge and tehnology Adoption rates (e.g. by using firm r-
enterprises veys), embodied technology diffusion (i
ter-industry flows of R&D through pur
chases of technology and equipment), bar-
riers to the adoption of technologies (such
as: lack of information, finance or techni-
cal expertise).

-
1

Personal mobility (“adoption capablity” Labcur market statistics, informal t-
of a country determined by the qualifi- works among researchers (professional as-
cations, overall tacit knowledge and mo- sociations, conferences, etc)
bility of the workforce)

Important element in the NIS theory is that it gtsehat countries can develop themselves dif-
ferently, depending on country specifications, atdture and its history. This leads national
technological specialization. National policy makepuld use this knowledge to design policy
that takes into account specific local circumstance

NIS theory also points to the need of innovatiostems to be flexible. The speed by which
markets can adapt to new technologies in gene@rbes more important than the speed of
adopting a specific single technology. It was redithat the speed by which markets can adapt
to new technologies will increasingly depend on theabilities of markets to adopt and use
technology that was originally developed in a déf@ market (sector or country).

Based on data about the importance of technolofjysthn in Japan, the OECD (1997, p17)
states thatpromoting technology diffusion ... is essential ®ekiolution of the overall national
innovation system”Pointing out that in order to increase productiatgountry should not be
too narrowly focused on R&D expenditure and theeligyment of new high-tech sectors, but
balance it with policy promoting the diffusion ofalable technology.

Hekkert et al. (2007) developed an approach foluewimg TC based on the concept of innova-
tion systems. In his article “Functions of innoeatisystems: A new approach for analyzing
technological change” Hekkert proposes to use sewgirically identified functions of innova-
tion systems. These functions together determieeetfect of the innovation system on the
speed and direction of technological change:

* The innovation system needs to stimulate entreprédectivities.
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* It needs to stimulate knowledge development.

* It needs to stimulate the diffusion of knowledge

* It needs to “guide the search”, indicating the newdgovernment and industry to set
targets.

» It needs to stimulate market development, e.g.eniolarkets for pre-commercial devel-
opment.

* It needs to secure sufficient resources; both Gir@nd human capital.

* It needs to create legitimacy and counteract \a%igt to change.

3.9 Developing a perspective on TC

As appears from the sections above there are teulipentific angles, different views on key
issues and different approaches to define TC.ignsction | will develop a framework on the
TC that can be used in this thesis to develop anoagh to measure the effect of CDM on TC.

Literature defines TC as a continuous process (Br2008). In this research | will make a dis-
tinction between a phase of technology developrardtone of technology diffusion. Technol-
ogy development relates to the constant improvemitgchnology both in quality as well as in
a decrease in costs. | will include the four sosirgktechnological development as defined by
literature: learning by doing, R&D, spillover andomomies of scale (IPCC, 2007; Clarke et al.,
2008). Technology diffusion is defined as the aypion of a technology in practise (Rogers,
2003).

In the framework on TC | will include the innovatisystem (national innovation system in the
context of countries (NIS)), since it influence® tspeed and direction of TC (OECD, 1997,
Sharif, 2006). The innovation system is defined“&&t of institutions that (jointly and indi-
vidually) contribute to the development and diftusiof new technologies. These institutions
provide the framework within which the governmeiatsn and implement policies to influence
the innovation process. As such, it is a systemtefconnected institutions to create, store, and
transfer the knowledge, skills and artefacts witiefine new technologies” (Metcalfe, 1995).
The literature study on TC results in the propdsachework is depicted in Figure 3-6.

National Innovation
System

Technology
Development

Technology Diffusion

Figure 3-6 Schematic representation of the compsraitechnological change

Technology development precedes technology diffuésee the arrow shaped figures in Figure
3-6). As technology diffusion is an important saifar learning-by-doing, technology diffusion
also influences technology development. The naliomevation system directs the speed and
direction of technological change and in turn reesifeedback from the process of technology
development and diffusion (indicated by the two \eanpws).

The different components of TC will be used to stee the remaining of this research. In the
following chapter | will explore the relation betere CDM and the different components of TC,
which will be used in the next chapter to developpproach to measure the effect of CDM on
TC.
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4. How CDM might influence TC in non-Annex | countries

With over 4500 projects (UNEP/Risg, 2009) genetat$d5 bilion USD of investments
(UNFCCC, 2009) the CDM is expected to have an irhpactechnological change in non-
Annex | countries. In this chapter | will explotteetrelation between CDM and TC in order to
improve our understanding of what is currentlyl stila large extent a black box.

This chapter will contain a causal model depicting most important relations between CDM
and TC based on the framework on TC previously ldpeel. | will discuss the factors that in-
fluence the different causal relations based ostiey theory. This chapter will highlight
knowledge gaps in important causal relations bam@BM and TC. Based on this chapter |
will, in the next chapter, develop indicators toasiere these relations. Measuring these rela-
tions will help us improve our theory on the impatthe CDM.

4.1 A broad picture on the relation between CDM and TC

Prior to exploring the exact relation between CDMI & C it is important to realize that the
CDM impacts a multitude of aspects and that TCan-Annex | countries is not only influ-
enced by CDM but by a multitude of factors (seauFegd-1).

International cooperation

GHG mitigation <—}- - - -~ CDM - = = =|-> Sustainable davelopment

Technology Orientated TC
agreements === =|--> “Indian <« ~ 4 = — — Internalfactors/ enabling climate
Innovation

System”

Y
y Indian Incumbent technologicalregime
Foreign directinvestment '

E.Iobaii!zation
Figure 4-1 Relation between CDM and TC in non-Anheguntry (e.g.
India)

The CDM is an international policy instrument tihats an effect on multiple issues. Not only

does it affect the dual goals of the policy - GHf@uction and sustainable development - it also
affects other aspects such as international cobperand indirectly TC, as the latter is not a

direct goal of CDM.

Just as CDM affects multiple issues, TC in non-Anheountries is affected by multiple issues.
Among others globalization and the removal of tredeiers (Dosi et al., 1988), high levels of
foreign direct investment supported by politicallslity, strong rule of law and transparency
(Borensztein et al., 1998; RadoSevic, 1999; Efliale 2007b; Doranova et al., 2009), the cur-
rent technological regime (Kemp et al., 1998) dvelduality of the enabling environment (Ba-
zilian et al., 2008; Thorne, 2008) influence TCnim-Annex | countries. In this research | aim
to entangle the contribution of CDM.
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The fact that CDM influences a range of issuesthatTC in non-Annex | countries is also af-
fected by numerous factors will have to be taken account when distilling the relation be-
tween CDM and TC. This raises the question to vetlxé&ent is CDM responsible for achieving
TC in non-Annex | countries relative to other fastmfluencing TC (Ellis et al., 2007b).

4.2 The causal relation between CDM and TC

This section will explore the way CDM might influses TC. This relation is depicted in a
causal model (see Figure 4-2) and based on th&beyrelations within this causal model will
be further studied within the course of this reslear

Each of these relations will be discussed sepgratdlis will include the rationale behind the
causal relation or why it is expected to exist; ivve already know from existing literature
about the factors influencing this relation and khewledge gaps with respect to this relation.
These knowledge gaps will form the bridge betwdes ¢hapter and the next chapter in which a
method will be developed to further study the chreations.

-

Technology +

Diffusion

Economi
es of
scale

National
Innovation
system
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\ Development ,
\
< 7

-

Figure 4-2 Causal relation between CDM and TC in-Aanex | countries
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4.2.1 Causal relation between CDM and technology diffusion

Figure 4-3 Causal relation between CDM and tectmothiffusion

Technology
Diffusion

The CDM is above all a diffusion mechanism. It awhces projects that prove to be additional
and decrease the greenhouse gasses below thenbas®#nario. This relation is depicted in
Figure 4-2 as CDM having a positive influence onjget finance which has a positive influ-

ence on the diffusion of technology in non-Anneountries

Within this link, the main challenge is to studywbat extent CDM leads to technology diffu-
sion and which variables influence the diffusiom.drder to study what factors influence the
impact of CDM on technology diffusion in non-Annegountries we have to take the following
research into account:

1. General factors influencing technology diffusiorofers, 2003)
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2. Specific factors influencing technology diffusiohlow carbon technologies (Montalvo
et al., 2008)

3. Specific factors influencing technology diffusion hon-Annex | countries (World
Bank, 2008)

We know that the distribution of projects betweenrties differs, that China holds the largest
market share in CDM transaction and that the amotittansactions in Africa is catching up
(Capoor et al., 2008). On a per capita basis Latmerica attracts most projects and Africa least
(UNEP/Risg, 2008b). There are indications thatdgmmpjects are favoured over small scale pro-
jects due to lower transaction costs (Michaelowalet 2005; Chadwick, 2006; Ellis et al.,
2007a) and | assume that CDM primarily attractggute that have low abatement costs (Bak-
ker et al., 2007; Ellis et al., 2007b, p19; McKins2009), thus lack of low cost reduction poten-
tial could be one explanation for the differenaesliffusion between countries.

Another aspect that might impact the diffusion objpcts would be the sustainable develop-
ment criteria that are part of the approval prodBs®NAs. This might either lead to the de-
crease of projects that are not contributing tdasnable development or to an increase in pro-
jects that for instance score well on “technolofiesellbeing” (CDM.ID.0222). However
among others Sutter (2003) concludes that ther@a@real incentives for DNASs to reject pro-
jects due to not passing their sustainability cate

Also interesting is the question whether CDM leadwe to the diffusion of end of pipe solu-
tions or more to the diffusion of clean energy teslbgies (Yarime, 2003).

There is a lack of knowledge with respect to howoar measure the impact of CDM on tech-

nology diffusion and the factors that influence theecessful diffusion of technologies under
CDM.

4.2.2 Causal relation between CDM and technology development

Technology
Diffusion

Economi
esof
scale

Technology
Development

Figure 4-4 Causal relation between CDM and teclgyotievelopment

The second relation between CDM and TC indicatas tdchnology diffusion caused by CDM
projects could also have an impact on technologseldpment. | put forward the hypothesis
that CDM projects may carry with them charactersstihat lead to learning, R&D, spillovers
and economies of scale in non-Annex | countries.

This relation will still have to be explored andpen. A better understanding of this relation
might be important to understanding the way CDM antptechnology development in non-
Annex | countries. In Table 4-1 | elaborate on teey CDM project could affect technology
development. After that | will discuss what we ablg know about the relation between CDM
and technology development and indentify knowlegiges.

Table 4-1 CDM effect on technology development

Description

Learnin¢- | Learnin¢-by-doing is most certainly a result of a CDM projdttis in es-
by-doing | sence the result of any activity. The usefulnessheflearning experience
does depend on the circumstances such as whettedrdo foreign actors
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benefit from the learning experience and with whethnologies the len-
ing occurs (for instance whether learning occuit &tvanced technologies
or well known technologies).

R&D The CDM is not a research policbut a diffusion policy. But diffusion c
technology provides important feedback for R&D. Ageom the feedback
relation | expect that a CDM project could requEdaptive research in order
to adapt new technology to local circumstanceshidltaspect is that CDM
projects might implement R&D that was locally deoptd. Deployment of
these new technologies might in turn allow for saeeovery of R&D in-
vestment costs and thus stimulate R&D developments.

Spillover | Spillover refers to the extent that CDleads to projects that are new i
sector or geographical region, but already knowah sed in another sector
or region. This implies that a technology has sgilbver from one sector or
region to another sector or region.

Economies| The effectof CDM on the increase of economies of scale in-Annex |
of Scale countries depends on the amount to which CDM |¢ad@s increase in the
market for low carbon technologies in non-Annexuigtries and the extent
to which non-Annex | companies (or companies latate non-Annex |
countries) are able to grab market share and #iiity to scale up their
business processes effectively.

What do we already know about the contributionhef €CDM to technological development?
Several authors reflect on this question by pogbuot that technology development benefits of
CDM projects may be part of CDMs contribution tetsunable development (Sutter, 2003; Ol-
hoff et al., 2004, Olsen et al., 2008). A numbebDbdfAs have included technology development
orientated sustainable development criteria for Cpidjects, such as among others: “project
needs to contribute to technological well beingidfa), “project needs to contribute to techno-
logical development” (Morocco and Brazil) or “projs should support technology transfer”
(Olsen et al., 2008).

However the studies looking at the SD benefits BiMCfocus on the non technological SD
benefits (Olsen, 2007) and no studies were fouatigpecifically take into account the technol-
ogy development aspects.

In a recent study Olsen et al. (2008) did not iake account technology aspects in their method
to measure sustainable development benefits siitdeas not been possible to come up with
good indicators based on the information giverhgnRDDs” (Olsen et al., 2008; p2777).

Olsen (2007) concludes that according to litera@ibd does not live up to its promise of SD.
It does seem to function well as a market mechgnésmt does deliver cheap emission reduc-
tion credits. Important within this respect is @dgsence of an incentive for DNAs to be strin-
gent on SD criteria when attracting foreign investimin CDM projects. Sutter (2003) refers to
the effect of this competition as; “a race to tb&dm”.

There is considerable literature on the affect BMCon technology transfer (Haites et al., 2006;
Paulsson, 2009)(see Appendix D for an overviewhefliterature). However as | will elaborate,
the concept of technology transfer is not the sasi¢echnological development but only a
small part of technological development.

Technology transfer is defined as the diffusiomoh domestic technologies (Dechezleprétre et
al., 2009), which can includes both hardware arftveoe. At first glance this appears to be the
same as spillover. However: “the term ‘technolagysfer’, which evokes technology as an ob-
ject, and its transfer as a one-time transactiam thaintains the dependence of the recipient,
may not be adequate to reflect the process of tdéaby diffusion and innovation (cd4cdm.org,
2003, p7)".

Technology transfer without changing the dependa&fdée recipient is only a result of tech-
nology trade (Dosi et al., 1988). A technology tisatransferred is only spilled over if it results
in a change of local capabilities.
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Technology transfer is most beneficial for devahgpcountries if on the long run this technol-

ogy does not only becomes diffused but actuallifsspver. This implies that technology trans-

fer should in the long run decrease as local ptagewelop capabilities to produce these tech-
nologies locally. If a decrease does not actuatlyuo this would indicate that technology trans-
fer merely indicates a market for western compamstead of the actual spillover of techno-

logical capabilities. Technological self relianagedo spillover would have a positive result on

the countries balance of payments as more domigtmaduced technology can be applied

(Olhoff et al., 2004, p84).

Technology transfer occurs in 30%-50% of all CDMjpcts (Haites et al., 2006; Coninck et
al., 2007a) with most technology originating fromr&pe (Youngman et al., 2007).

Lower TT is witnessed in India (Seres, 2007). Low@&rmight be partly explained by the size
of India and its capabilities to diffuse locallyopiuced technology (Dechezleprétre et al., 2009).
Another reason might be good technological cagasilin sectors that generally involve TT.
However “strong technology capabilities are positvcorrelated with international transfers in
China. In contrast, the technology capabilitiesnolia seem to be rather geared towards the rep-
lication of CDM projects involving domestic techagles only” (Dechezleprétre et al., 2009,
p710). An example is the fact wind projects oftewolve TT (Dechezleprétre et al., 2008), but
that India has developed its own high-technologi@d turbine manufacturing industry
(Suzlon) and thus does not need to import the @oly.

De Coninck et al. (2007) identify a trend in theeelepment of high-technological industries in
developing countries.

With respect to the transfer of technological cédlgas Hansen (2008) indicates there are few
incentives for companies to transfer advanced dhigesb (such as engineering and manage-
ment or innovative skills) to competing non-Annegdmpanies. The projects studied by Han-
sen mainly involved the transfer of basic operatiod maintenance skills.

There is a knowledge gap concerning to what eXx@&i¥ projects lead to technological devel-
opment and how to look at this topic in a widerfaa than only from the angle of technology
transfer. The technology transfer perspective migimefit from an extended view that includes
R&D, learning, spillover and economies of scale. ifaportant part of this knowledge gap in-
volves the question how to measure the impact d/i@D technology development.

4.2.3 Causal relation between CDM and the national innovation system

CDM

National

Innovation
system

Figure 4-5 Causal relation between CDM and chahglesoinnovation system

The third way in which CDM impacts TC could be thgb influencing the national innovation
systems of non-Annex | countries. CDM is an intéomal policy instrument and can be as-
sumed to be a key policy instrument in the glohabiation system, especially due to the large
sums of money that flow through the CDM.
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It is yet unknown in what way the CDM actually udinces the national innovation system.
Does it contribute to the improvement of the nagldnnovation systems of non-Annex | coun-
tries or does strategic behaviour lead non-Anneguntries to actually weaken their own na-
tional innovation systems in order to attract mmdinance through CDM?

There are suggestions that CDM creates a pervecsative to withhold stringent environ-
mental policy, for stringent environmental policyould render projects non-additional under
CDM rules (Lohmann, 2006, p148; Sterk et al., 20d6|snaes et al., 2008, p121; McCully,
2008; Wara et al., 2008). A description of the nattion between Indian electricity policy and
CDM given by Babu et al. (2003), who also suggest CDM might drive state electricity regu-
latory commissions “to set a pretty low Renewableergy Portfolio Standard to promote
CDM". Literature on actor behaviour suggests tlebrs would behave strategically (de Bruijn
et al., 1999; de Bruijn et al., 2002). There is bear no empirical evidence in literature on
CDM to support the claims of the perverse incentiMeese are questions that still need to be
studied.

There is a lack of knowledge with regard to whateekthe CDM influences the national inno-
vation system, if the perverse incentive is ocagrand how to approach these questions.
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5. How to measure the impact of the CDM on TC

In this chapter | will elaborate on existing restasection 5.1) and secondly | will develop a
method for studying TC within the context of thesearch (section 5.2).

5.1 Existing methods for measuring TC

There is a lot of research both on TC and on CDMe#fection of relevant and important re-

search fields for the context of this study hatdéomade. Therefore | will structure this section
by first discussing research on TC and followingitwa discussion on CDM research. This sec-
tion is structured as follows:

Studies related to TC:
» Studying TC within mainstream economics
» Studying TC from an evolutionary economic persmwecti
Studies related to CDM:
» Studies into the effect of CDM on sustainable depelent
» Studies into the effect of CDM on technology transf

With respect to the studies related to TC, | wdikd to recall that previously, in section 3.8, |
have given an overview of the different science®lved in studying TC. This led to a view on
technological change that is applicable in thissaesh context. This technological view in-
cludes aspects from both economic and social segeric the following section s of this section
| will elaborate on the methods that are used anemic and social science to study TC.

5.1.1 Mainstream economics theory

For an introduction of mainstream economic theorgfer to section 3.8. Common methods
used for studying the effect of policy on TC withimainstream economics are: econometric
analysis of meta-data about TC, which uses macrmeum proxies for TC such as R&D
spending, patents, citations or diffusion (see AyipeD).

However doing this research in developing countrreght be difficult due to limited data
availability.

5.1.2 Evolutionary socio economical theories

A more evolutionary perspective on TC, in which iBG&Geen as a socio technical transition is
derived from evolutionary economics in combinatieith sociology. Limited by bounded ra-
tionality and uncertainty, actors satisfy insteadmtimize. In evolutionary socio-economic the-
ory routines, behaviour and the selection envirartnaee important variables in explaining in-
novative behaviour and adoption of new technoldgpovation and adoption of innovations
becomes less of a plan and more of a journey.

Methods used for measuring and studying technaibgicange include case studies, interviews
and historical storylines (narrative plots). Theselyses try to identify recurring patterns and
use these to strengthen theories about the impertaindifferent elements that shape and struc-
ture these development and diffusion journeys @ipl., 1998; Geels et al., 2007b; Hekkert et
al., 2007; Verbong et al., 2008).

Compared to mainstream economics, evolutionarnposembnomic theory takes a broad view on
what is important in determining technological ofpanit takes a less linear perspective. Apart
from market instruments a more diverse set of eegrand drivers is looked at. Evolutionary
socio-economical studies are very focused on themijcs of technologies and their systems
over time, and tend to not analyse a single pdiidyrather a single technology over time.
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5.1.3 Studies on the impact of CDM on sustainable development

As TC is by some authors mentioned as a SD beofe@DM it is relevant to take a look into
studies that analyse the effect of CDM on SD (setian 4.2.2).

A variety of studies has been conducted aimed aliyzing the impact of the CDM on sustain-
able development (one of the two official goaldled CDM). A review article by Olson (2007)
provides a good overview of the different studies.

With respect to the methodologies used to studyStbeébenefits of CDM it becomes clear that
checklists and multi criteria analysis are mosemfsed (Olsen, 2007). Criteria are developed,
scored and weighted; examples include the SouthSlauth matrix and the Gold Standard,
both developed by NGOs and the SD criteria useDM#s to determine the national SD bene-
fits of CDM projects.

Sutter (2003) developed a method called multifaite assessment methodology (MATA-
CDM), which includes that the criteria are weight®d project participants. To allow project
participants to weigh the criteria Sutter used tjoesaires that ought to be filled in and re-
turned by the project participants. Unfortunatehhis study only 4 out of 16 project developers
responded to his call (Sutter et al., 2007).

Two examples of SD criteria related to technology:

» Technological self reliance (including project ieability, hard currency liability, skills
development, institutional capacity, technologysfer) (Kenber, 2003).

» “Contribution to training and technological devetopnt: Assess the degree of techno-
logical innovation of the project and the technadsgused in activities comparable to
those called for in the project. The project shda&tl to the possibility of reproduction
of the technologies used, taking account of themanstration effect, and evaluating
the origin of the equipment, the existence of rogaland technology licenses and the
need for international technical assistance”(Ollatffal., 2004). These are the criteria
(on technology) used by the Brazilian DNA to chéle& sustainability of projects with
respect to technological sustainability.

Studying the SD benefits of CDM projects that arentioned in documents (PDD, Lol, and
Validation reports) is in some cases combined it visits, interviews and questionnaires to
determine how well the project scored on the deelosustainability criteria in practise. Gupta
(2008) mentions that the assessment of projectslypon the PDDs is difficult and that much
more information can be gained through site visits.

In a recent article Olsen and Fenhann (2008) pmpasiethod for analyzing SD benefits based
on taxonomy. They perform text analysis of PDDsedasn 13 SD criteria and score yes/no if
these criteria are mentioned in the PDDs. They @ge@n international standard of SD assess-
ment by DOEs, based on taxonomy, and additiontleéa@hecks performed by DNAs.

Their method however does not take into accourlin@ogy aspects since: “it has not been
possible to come up with good indicators basedhenirtfformation given in the PDDs” (Olson,
2008; p2777).

5.1.4 Studies on the impact on CDM on technology transfer

The second relevant part of CDM impact studies $esuon studying the effect of CDM on
technology transfer. A recent article by Schne{(@@08) gives a good overview of the research
that has been performed in recent years. Most euthat have studied TT under CDM have
used PDDs as their main data source (Haites e2@06; Coninck et al., 2007a; Seres, 2007;
Dechezleprétre et al., 2008). In some cases thegbrdevelopers were contacted when data
from the PDDs was insufficient. They used regressioalysis to determine the main dependent
variables determining technology transfer.

The main findings from these studies (see AppebBdfgr a full review of the findings) include
the fact that larger projects and the involvemdrforeign partners increases the occurrence of
technology transfer.
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One limitation to the method using PDDs is thas thiethod only tells whether technology
transfer is mentioned in the PDD or not. It doesgige quantitative judgement to the value or
weight given to the different kinds of technologiesnsferred. An example of the limitations is
given by Haites (2006, p342):"technology trans$eclaimed for some projects with very simple
technology (e.g. solar cookers); while no technpltsgnsfer is claimed in other projects where
it might be expected (e.g. wind power)”.

An exception to the above mentioned studies isidysby Hansen (2008) in which he analysis
Malaysian CDM cases through field work and intemgeo get an improved understanding of
the process behind technology transfer of firmteelatechnological capabilities. This study
brings to the attention the unwillingness of thehtelogy supplying company to transfer valu-
able advanced technological capabilities to (compgnon-Annex | companies.

An article by Schneider (2008) uses existing erogiranalysis on technology transfer and ex-
pert interviews to increase the understanding efltarriers of TT under CDM. By analyzing

CDM's influence on the barriers (commercial vialililacking information, access to informa-

tion and institutional framework), Schneider recoemats policymakers to further reduce the
transaction costs of the CDM and to pay attentiothe need of receiving countries to improve
their institutional framework and not to rely on ®Donly for technology transfer. Schneider

recommends further studies into the different tetdgies and the quality (what kind of tech-

nology and under what deal structure does TT tékeep of their transfer and the strategic be-
haviour of actors involved in CDM projects.
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5.2 Research method used in this report

The research method applied in Chapter 6 is baseade insights gained on CDM (chapter 2),
the perspective on TC that was developed in ch&ptdre interconnection between CDM and
TC (chapter 4), the research already performedettt measuring TC and research on the im-
pact of the CDM on various aspects (section 5.1).

The method developed for this research contairethspects.
First of all the distinction between three differeaspects of technological change and their
measurement (see section 3.9)

* Technology diffusion

* Technology development

* Change in the innovation system
Secondly the different indicators and the data #inatrequired to measure each aspect of tech-
nological change induced by CDM. This includes:

» Data from the CDM pipeline database

* Global and national greenhouse gas emission data

* Project design documents (all data gathered frarsiistematic analysis of PDDs will

be placed in an excel database).

» Literature and freely available data
Thirdly it contains the application and testingtleé method in a number of case studies. These
case studies will be used to see if the methoditalde and to draw conclusions about the im-

pact of CDM on TC within the case studies.
Finance of
projects

Figure 5-1 Causal relation between CDM and tectmothiffusion

5.2.1 Measuring technology diffusion

Technology
Diffusion

With respect to the relation between CDM and tlfiision of technology (see Figure 5-1), four
measurable indicators were developed (see Tab)e I54ill use global data on greenhouse gas
emission per year per country and relate thosb¢oQERSs generated per country per year to
measure general technology diffusion caused by CBé&tondly I will choose a specific coun-
try and look at the GHG emissions per sector par ged relate those to the CERs generated in
each sector per year. Based on this analysis Ichdbse three specific case studies. For these
case studies | will look at the level of diffusiohspecific technologies and also look for indica-
tors of technology development and change in thevation system (see the next section s)
within a number of PDDs.

Table 5-1 Variables and indicators of technolodfudion

Variable Indicators Measuremel

1. To what exten « Current level of diffusion  -Geneal[CERsS/GHG enssion]

did the project(s) -Additional diffusion data: [de-
lead to the diffusion pends on data availability]
of technologies? « Potential for diffusion [depends on data availability]

« Role of CDM in diffusion [depends on data availability]
- Encourages further diffu- [#PDDs mentioning indicator]
sion
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In order to study this relation | will use availallata on historical GHG emissions on a country
and sector level. This GHG emission data can beeplan proportion to the amount of CERs
that are generated in a specific country and sectos indicates on a general level the amount
of diffusion within a country or sector.

Specific data on the diffusion of specific techmgés within the different case studies would
result in more detailed information about the dffecCDM on the diffusion of specific tech-
nologies. That finding data about the extent diudibn of a technology in a non-Annex | coun-
try will prove to be a challenge is already mentidiy Mathur (2007) in his proposal for a dif-
fusion-innovation based approach to additionality.

In order to put this information into perspectivestresearch will also study the potential for
diffusion and the role of CDM in the current lewéldiffusion of specific technologies. The ex-
act measurement will be dependent on the spe@Be< studied and the technologies that are
used within this sector.

Within PDDs | will look whether the PPDs mentiomtlthe project encourages further diffusion

of the technology.
Diffusion

———

5.2.2 Measuring technology development

Technology
Development

Figure 5-2 Causal relation between CDM and tecthgyotievelopment

With respect to the question whether CDM also erages technology development (see Figure
5-2) this research will take a closer look into BfeéDs. The question is whether CDM projects
carry with them the benefits of technology develepircomplementary to their impact on tech-
nology diffusion. For each variable of technologvdlopment (learning, R&D, spillover and
economies of scale) indicators were developed adkmmeasurable (see Table 5-2).

| assume that the CDM project would not have hapgen the absence of CDM (I assume that
the projects are truly additional) and that thedfés of these projects such as learning, R&D,
spillovers and economies of scale would not haygéaed either had the CDM project not
been undertaken. This causal relation is openifmudsion for it might be that the technology
development benefits would have happened in therglesof CDM finance and are merely a co
aspect of projects and not necessarily the restitteoproject.

Table 5-2 Variables and indicators of technologyetigoment

Variables Indicators Measuremel

2. To what xtent Involvement of domestic actors [#PDDs mentioning indator]

did the project(s) de- Technology’s level of maturity [#PDDs mentioning indicator]
liver learning ex- «  Contribution to skill building ~ [#PDDs mentioning indicator]
perience? «  Custom or novel design [#PDDs mentioning indicator]

3. To what xtent Connection to R&D project [#PDDs mentioning indator]
did the project(s) Adaptive research performed [#PDDs mentioning indicator]
stimulate R&D? e Feedback to R&D [#PDDs mentioning indicator]
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4. To what xtent

Hardware or software trans-  [#PDDs mentioning indator]

did the project(s) ferred

lead to spillovers?  « First in the world
« Firstin India [#PDDs mentioning indicator]
«  First in State [#PDDs mentioning indicator]
« First in Sector [#PDDs mentioning indicator]

[#PDDs mentioning indicator]

5. To what xtent

Scaling up of national industry [Date about the size of th

did the project(s) LCT technology’s market and
contribute to im- market development]

proved economies of

scale?

In order to learn from projects one has to be abtivnvolved in the project. | will therefore
look at whether the PDDs give us information alibiet different actors involved in the CDM
project and their different roles. This way it mbgcome clear from the PDDs whether the
learning effect of the execution of a project géesa non-Annex | company, Annex | com-
pany/institution or combination of both.

The indicator about the technology’s level of mayurelates to the question whether the learn-
ing effect is derived by using an already well ustt®od technology or whether the learning ef-
fect relates to learning occurring from the prggeasing novel technology (Olhoff et al., 2004,
p62).

I will also look at whether a project mentions edniting to skill building and if the project
mentions using novel or custom made designs.

With respect to R&D | will analyse whether there &DM projects that mention a relation to a
previous research project in their PDD. If thisthe case the execution of the CDM project
could be seen as a possibility of both rent exitvacind deployment of a novel technology and
thus considered to stimulate R&D.

Secondly | will consider whether PDDs mention thta¢ project included adaptive research.
This research is important to adapt alien technotodocal circumstances, for instances due to
specific plant design, different climate or diffetéeedstock characteristics.

Thirdly | will look whether the project PDDs memi@ feedback from the project to R&D pro-

jects.

With respect to spillover, PDDs will be scannedée if they mention the transfer of hardware
(technology) or software (skills and knowledge).®Dwill also be scanned to check whether
the PDDs mentions whether projects are first okiitsl, either first in the world, first in India,
first in the state or first within the sector.

In order to get an impression of the effect of CBMincreased economy of scale | propose to
use market data. The market size for a technatagybe measured in terms of units sold or in-
stalled each year in combination with the pricéhef unit (market= #units * price per unit). An
increase in the market combined with a market sfmrdomestic companies, would imply that
local production capacity would increase, leadmgd¢onomies of scale. More detailed informa-
tion on a company level is outside the scope &f tbsearch. However company specific infor-
mation about costs would be useful, although I)jueet this kind of information to be difficult
to acquire since companies might consider thisrmédion as confidential.
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5.2.3 Measuring change in the innovation system

CDM

National

Innovation
system

Figure 5-3 Possible causal relation between CDMdashge of the innovation system

Measuring the impact of the CDM on the nationabwation system (see Figure 5-3) is likely to
be difficult (Sharif, 2006). | will try to look foindicators of change in the innovation system
within the PDDs (see Table 5-3). Apart from scragnPDDs | will also reflect on other re-
search that mentions this relation. | will do timghe discussion chapter.

Table 5-3 Variables and indicators of change inithevation system

Variable Indicators Measuremel

6. Did the CDM poject « Policy implications [#PDDs mentioning indator]
contribute to strengthen-e |nfrastructure adjustments [#PDDs mentioning indicator]
ing the receiving coun- . Corporate responsibility ~[#PDDs mentioning indicator]

tries innovation system? . sypport collaboration [#PDDs mentioning indicator]
« Connection with other in- [#PDDs mentioning indicator]
dustry

Within the PDDs | will check to see if the PDDs rtien that the projects have an impact on
local policy, whether the project lead to adjusttaesf the current infrastructure, whether it im-
proved corporate responsibility, whether it suppartollaboration between different institu-
tions and whether it improved the relations betwdifierent industries (OECD, 1997).
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6. Empirical results from the case studies

In this chapter | will present results of technglagjffusion assessments between countries.
Based on that assessment, one country will betedledA more detailed studying will be done
on the industry sectors of that specific countryMCBad a large impact. Three of these sectors
will be analysed in more detail (analysing techgglaiffusion, technology development and
change in the national innovation system). Theltesii these case studies will be presented in

this chapter.

6.1 Impact of CDM on technology diffusion in different countries

The global technology diffusion impact assessmémsian countries is based on data from
UNEP/Risg (2008a) and Hohne (2008). The emissieeideare based on the emission levels of
2006 as stated by Hohne (2008) and focuses oratgest GHG emitters (>135MtCO2-eg/y in
2006) of Asia. The CERs per country are based erCIbM pipeline database of UNEP/Risg
(2008a). Figure 6-1 shows the impact assessmenmiéaselected Asian countries (see also Ap-
pendix C for an analysis of Latin America).
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Figure 6-1 Global impact assessment: Asia
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China draws attention with the largest number ofGsHa high level of CERs related to their

total emission (3.4%) and a high number creditsgagita (200ktCO2-eq/1000people). Apart
from China (and not taking account of the smallrtoes): India, Malaysia and South Korea
have a large number of CERs compared to their @nissThis indicates a relatively large im-

pact within their sectors. India scores lower opea capita basis than China, Malaysia and
South Korea. This may be (partly) related to a loper capita emission level.

The impact assessment that focuses on Latin Améema Appendix C) indicates large impact
measured in CERs/emissions in Chile, Brazil, Nigaeaand Panama.

For the sector-specific impacts study a single tqunas been selected since the data on the
sector specific GHG emission data in relation tdRSEs not readily available for each country.
Thus this data has to be constructed using mulsipleces which is time consuming. Based on
the global impact assessment India was chosemftirer study. The main reasons for choosing
India are:

* The large number of CDM projects (over 1000 CDMjgets are currently in the Indian

pipeline).

* There is a large range of different projects uraden in India

» Data availability on GHG emissions in India

* The fact that official literature is in English

6.2 Impact of CDM on technology diffusion in different sectors in India

After the assessment of the impact of CDM on tetdmodiffusion in different countries | per-
formed an assessment of the impact of CDM on tdofggaliffusion within different sectors in
India. The global impact assessment gave insightwiich countries were more heavily im-
pacted by CDM; the country level impact assessmast performed to give more insight into
the impact of the CDM on the sectoral level (sepifé 6-2).

No consistent data of recent emission levels oecaos level in India was found in a single
source. The data had to be estimated and recotetrirom different sources. The data from
the International Energy Agency (IEA, 2008) wasduse get the CO2 emissions from fuel
combustion in 2005, the National Communication (@8I04) was used to extrapolate the CO2
emissions by the process industry from 1995 to 2f3ed on a 37% increase in CO2 emissions
from fuel combustion over the same period. Datanfrmn CO2 gasses was derived from Garg
(2006) (see Appendix E for details).

The pipeline (UNEP/Risg, 2008a) provided informataédbout the CERs per year (see also Ap-
pendix E). The categorisation used in the abovetioreed documents is different from the
categorisation used in the CDM pipeline. A comboratbetween both had to be made, taking
into account the accuracy and the relevance ohéve categorisation that was used in Figure
6-2.
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Figure 6-2 Country technology diffusion impact asseent: India (see also Appendix E)

Figure 6-2 shows big differences between the ingpaic€CDM on technology diffusion between
sectors. The relative impact of the different sexctand notes about possible explanations are
presented in Table 6-1. The impact is categorises®d on the percentage of CERs generated
relative to the level of GHG emission in the sector

Table 6-1 Relative impact between sectors in India

Impac Sectors Note:
Around |« HFC destruction This was to be expected, since HFC-23 destruc-
100% tion CDM projects are relatively simple and
(high) highly profitable. What remains
Between | «  Electricity sector Possible explanations for the differences betw
2-11%  Industry and Heat sector the sectors might be due to different characteris-
(medium)| « |ron and Steel sector tics of the sectors: such as whether the sector is
« Cement and Glass sector highly international, whether domestic policies
- Paper and Pulp sector encourage CDM within the sector, the availability
«  Waste Sector pf large low cost abatement_ opportunitie_s, the ex-
- Oil and Natural gas relatedStence of good methodologies or the existence of
. N20 stro'n.g' national knowledge and technological ca-
pabilities.
It would also be interesting to see whether there
are differences between Indian sectors and the
same sector in other countries
Betweel |« Manure Posible explanations could be the lack of suita
0-1% « Transport methodologies or the lack of low cost abatement
(low) « Residential and Commer- opportunities.
cial
 LULUCF
» Agriculture
* Biomass burnt for energy
in the domestic sector
» Coal production
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The impact assessment (see Figure 6-2) shows it Ias a different impact on technology
diffusion within different sectors. Table 6-1 noteg importance of different characteristics of
sectors as an explanation of the differences.
| propose to study the impact of CDM on TC in mdegail by looking at sector specific case
studies. These case studies will take differertbse@nd study them in more detail to:

1. improve our understanding of technology diffusiorder CDM within that sector

2. study the technology development benefits of CDbjgqats

3. study the effects of CDM on the national innovatsystem

In consultation with experts it was decided to gttiee following sectors, for the following rea-
sons:

1. Electricity sector, with a large impact and a rapgelifferent technologies that can be
applied this sector is especially interesting.| &tdny rural areas do not have electricity
and electrification is an important goal in Indjaalitics.

2. Iron and Steel sector: The iron and Steel sectarwell defined sector and operates in a
global market. In recent years the industry great @ue to increased demand in devel-
oping countries. Only recently, due to the finahcigsis, did the sector see a sharp de-
crease in demand.

3. HFC producing industry: This sector is controvdrgiad still part of debate as to
whether certain projects should be eligible fordidse Relatively simple technological
measures resulted in the generation of large ammiucitedits and profit. A more spe-
cific look at the technological change that tookad in this sector might prove useful to
the ongoing debate.

After each analysis | will present major findindsoat the technological change that took place

within the sector. | will also reflect upon the exignce of using the method that was developed
for this study.
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6.3 Case 1: Electricity sector

In this section | will analyse technological chamgéhe Indian electricity sector in more detail.
The focus of the analysis will be on the wind secto

I will proceed with an introduction to the Indianezgy sector. After that I will analyse the wind
sector. The structure of the analysis will follometsix variables of technological change (see
section 5.2). | will end the analysis with a sumynairthe key findings.

PDD selection

For the analysis of the Indian electricity sectaselected 14 Indian CDM projects from the
CDM pipeline. | took PPDs from a number of differa®ctors to get a general picture of the
differences and look into one specific technolagy imore detail (wind).
* 14 PDD were studied

0 6 Wind projects

0 2 Hydro projects

0 3 Energy Efficiency projects

0 3 Biomass Projects

6.3.1 Introduction into the Indian energy sector

India is a large country, faced with an enormoestekity demand challenge. Many people in
India do not have access to electricity, especialljural areas (about 400 million are deprived
of electricity (IEA, 2007a)). With a current inded capacity of 146 GW the country needs to
increase this capacity by 100 GW to 255GW by 204é @p to 522GW in 2030 to meet de-
mand (IEA, 2007a). The Gol even targets a capancityease up to 800GW by 2030 (Gol,
2006). The price of energy is the major determimarmthoosing energy technologies, since pro-
viding cheap energy to the masses is the currénttyrof the Indian government (Gol, 2006).
To meet this demand India will need to invest appnately $1.25 trillion, of which three quar-
ters in the electricity infrastructure (IEA, 20073@his additional capacity is expected to be
mainly derived from coal in combination with nualeand hydropower (IEA, 2007a). Seeking
clean coal combustion technologies is thereforgreat importance.

The country has a strong focus on large-scale pgwaects of over 1000MW thermal or
500MW hydropower (9 project sites for 4000MW thefreach have been identified (Gol,
2007)). These mega projects share the promisegé Emounts of cheap electricity. With a low
GDP per capita and a still relatively small carlbootprint per capita Indian policy has a strong
focus on economic development and believes thatlynghe west” is responsible for realizing
GHG emission reductions.

There is also a lot to gain in India from improvenkergy efficiency using available technolo-
gies. India consumes 0.16kg of oil equivalent (Rguer dollar of GDP which is lower than in
China (0.23kgoe) or US (0.22kgoe) but higher thamimark (0.13kgoe) or Brazil (0.15kgoe)
(Gol, 2006). According to the government of Indigstindicates that there are possibilities of
increasing energy efficiency. For instance eneiffjgiency of power generation could be im-
proved from an average of 30.5% to 34% by buildmapern efficiency plants of 36-40% effi-
ciency (Gol, 2006).

By 2012 it is expected that India will generate wb®0GW from renewable energy (PDD,
2005). By 2030 the Gol (2006) plans to supply 5-6Pthe India energy mix from renewable
sources.

Globally, electricity firms generally spend 2% bkir turnover on R&D, while in India large
energy companies spend only about 0.2% (Gol, 200&).government recognizes the need to
boost R&D. Priority areas named by the governmesn{@ol, 2006):

» Coal technologies for efficiency improvements (dealamed as a focus area)

* In-situ gasification
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* IGCC and Carbon Sequestration

* Solar power

* Bio fuels; bio-diesel and bio-ethanol

* Biomass gasification; plantations, wood gasifiaatiocommunity based bio-gas plants

The government’s actions to fight climate changelwa summarized as follows (Gol, 2006):
* Energy efficiency measures in all sectors
* Investment in mass transportation
» Supporting policy for renewables
» Development of hydropower and nuclear
» Development of clean coal technologies
* R&D on climate friendly technologies

Although the central government steers nationaklb@ment activities, energy supply is a de-
centralized state responsibility. The energy secténdia is dominated by state owned firms,
with an increasing move towards more privatizatgance the 90’s, mainly to attract much
needed investments (IEA, 2006). There are larderdifices between the different states in In-
dia; the BNP of Goa is about ten times that of Bilramuch more populated state. India has
five different regional grids for electricity, witlinderdeveloped interconnections. Realizing the
needed regulatory reforms and private investmeathgy challenge. The Indian Electricity Act
2003 paved the way for the needed reforms, inctudinproved access to the transportation and
distribution networks, removal of certain licengguirements, anti-electricity theft measures,
removal of cross subsidies, power trading and iwgalaregulatory responsibilities (CDM EB,
2005).

6.3.2 Impact of CDM on of the Indian electricity sector

In this section | will use the methodology develdpe chapter 5 to discuss the impact of the
Clean Development Mechanism on technological chamgee Indian electricity sector.

The results of the analysis are focused on onefgpsab-sector: the wind sector. This allows a
thorough analysis of the wind sector and createsteer opportunity to evaluate the methodol-
ogy. The results of the analysis of the wind seaterpresented in three different stages. First |
will deal with findings related to technology difiwn, secondly to the findings relate to learn-
ing, R&D, spillover and economies of scale anddliyiwith the findings related to the impact
on the innovation system. After the analysis ofhied sector | will present a selection of the
findings from the other PDDs analysed.
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Technology Diffusion

Wind power is on the rise in India. Over the pasrg the installed capacity has been exponen-
tially growing (see Figure 6-3). As of 2009 theseover 9.5GW of installed capacity within In-
dia (Thewindpower.net, 2008).

The earliest CDM projects started generating csefiim the 1 of April 2000, since then the
number of Indian wind turbine projects within thgpgline has grown to 226 (UNEP/Risg,
2008a). Of the 226 projects, 73 Project use metloggloACM2 (“grid-connected electricity
generation for renewable sources”), the other 188 AMS-I1.D (“small scale method: renew-
able electricity generation for a grid”). The CDMojects add up to 4.2GW, with a total in-
stalled capacity of 4,083MW at the end of 2008.

10,000 975
B Cummulative installed capacity [MW]
9,000
8,000 +—AC immluative installed capacity under COM 7,850
(Mw)
7,000
6,270
6,000
]
‘l<"v /000 4400 083
4,000 ’
3,000
3,000
2,125 ,207
1,702
2,000 77502 073 285 ,296
1,000 - 775
91 204
0 - T T T T T
2001 2002 2003 2004 2005 2006 2007 2008
Figure 6-3 Cumulative total installed capacity annulative development under CDM (see
Appendix F)

By the end of 2008 the CDM ;400
contributed to 43% of the  ;gqo | Minstalled capacity [MW/y]
total incalled capcity of India 4,
(See Figure 6-3 and Appen 1400 M Installed capcity under CDM
dix F). In 2007 the CDM ’ e
played a role in 58% of all !
MW installed capacity and in M
2008 it contributed to over
100% of all installed capacity
(see Figure 6-4 and Appen
dix F). The latter could be
explained by the different
data sets that might contrib
ute some projects to differ-
ent years.

In 2003 most capacity that was installed receive€tMCfunding. Between 2003 and 2007 this
number decreased significantly although the expansf wind power continued (Figure 6-4).
There is only one project in the CDM pipeline thas 2006 as the starting date of its credits. In
2008 the number of projects receiving CDM crediser and in 2008 most projects received
CDM credits. PDD 0991p25 (registered in 2007) dpedly mentions that 97% of wind pro-
jects developed at that time in Tamil Nadu areinarfced by CDM. This gives rise to the im-
pression that since 2002 a number of wind turbnogepts were implemented without CDM co-
finance, but that this practise is becoming scarc@007 and 2008 and that currently most new
projects are co-financed through CDM.

2002 2003 2004 2005 2006 2007 2008

Figure6-4 Yearly capacity instalmer
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The diffusion of wind power differs between thefelient states of India (see Figure 6-5 and
Appendix G). This analysis is based on the grogenpial and technical potential (MNRE,
2005), the installed wind turbine capacity at the ef 2008 (INWEA, 2009) and the installed
capacity under CDM (UNEP/Risg, 2008a). The tecHrpotential for wind power is limited to
20% of the total grid power capacity of 2004 (MNRID05). Since the total capacity of the In-
dian network is expected to increase, the techfézaible potential for wind power is expected
to rise as well, until it equals the gross poténiiamil Nadu had the largest installed capacity
as of March 2008, followed by Maharashtra and Gitjaviost CDM projects were developed in
Tamil Nadu, followed by Maharashtra and Karnataka.

12,000
B Gross Potential [MW]

B Technical Potential [MW]
9,675

10,000 Wnstalled capacity (March 2008) [MW]
8,275 Total in CDM Pipeline [MW]
8,000 -
6,620
[
‘r’),’ 6,000 - 5,500 5.400
3,873
4,000 - 3,650
020 3,050

Figure 6-5 Diffusion analysis: wind power in diféett states of India

There is a total gross potential of 45GW ~  so000
India (see Figure 6-6), of which 13GW i
technically feasible taking into account
maximum of 20% grid penetration and tr 40000 -
power production of 2004 (see Append ;.-
G). The largest gross potentials are locat
in Gujarat and Andhra Pradesh (see Figt
6-5) W2s5,000 -
The contribution of wind power to the tote
national electricity coverage is 2% in Indi
relative to 4.5% in the Netherlands ar 5000 -
20% in Denmark as of the end of 20C
(WSH, 2009).

Based on the fact that there is still a ve
large unused potential for wind power ar 0-
that the amount of wind power connecte Total

to the grid is still only 2%, it can be ex-. e . . .
pected that there will be a continuation [Figure6-6 Diffusion analysis: wid power in Indie

new wind power projects in India. (see Appendix F for the references)

M Gross Potential [MW]

M Technical Potential [MW]

M Total installed capacity end
of 2008

Total in CDM Pipeline [MW]

In sum, CDM plays a role in the diffusion of windwer in India, assuming a large share of the
projects to be additional. There appears to berdtof an increasing number of wind turbine
projects that are being co-financed by CDM. Themany of this analysis is presented in Table
6-2.
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Table 6-2 Summary of findings related to the difbnsof wind power projects in India

Diffusion (see also Appendix F and Appendix G)

Current level ol | 43% of the total installed wind power capacity ofdia is co-
diffusion financed by CDM

Potential for * There is a gross potential for wind power of 45Gkd an installed
diffusion capacity of 9.2GW, of which 4.1GW is co-financed®pM.

Role of CDMin [ From 2007 to 2008 the amount of new wind projed devel-
realising oped that includes CDM co-finance moved up to 100%.

diffusion

Encouragemer |« The PDDs do not mention that these projects won@berage simi-
for further lar projects.

diffusion

Technology Development

To judge the role of CDM in technology developmEewnill take a look at learning, R&D, spill-
overs and economies of scale.

Companies learn as a result of being involved ajguts. To understand what impact these pro-
ject have on learning within India it is interegtito see whether Indian or non-Indian firms
benefit from the development of the projects. Fégbh7 presents the results of linguistic studies
into the number of times the 10 largest companieewamed related to CDM projects in India
and China respectively (see Appendix | for an exqiimn about this method).

M 1. Vestas (Denmark)

M 2. GE Energy (United
States)

= 3 Gamesa (Spain)

M 4_Enercon (Germany)

M 5 5uzlon {India)

M 6.5iemens (Germany)

7.Acciona (Spain)

&.Goldwind (China - PRC)

9. Mordex (Germany)

Ehina 10.Singvel (China - PRC) |ndia
Figure 6-7 Indication of market shares of turbinenofacturers in China and India based on
linguistic study (see Appendix I)

This analysis shows the presence of Suzlon in Ir8lizlon is an Indian company that recently
bought a number of European wind power researctdanelopment firms. Its presence helps to
establish India as a leader manufacturer of windies. The analysis also shows the presence
of Chinese companies active on the Chinese mariketigoresence in both India and China of
European firms, mainly Vestas (Denmark), Gamesai($@nd Enercon (Germany).

The R&D in the wind sector is still mainly carriedt in Europe and US. From the analysis it
becomes clear that India has grown to one of theimg global companies in the production of
wind energy solutions (Suzlon) and that this comgpizars recently acquired western R&D com-
panies. In this manner Suzlon has gained innovatpabilities.
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Most of the hardware is developed in India becdactld Suzlon as well as other wind power

companies have manufacturing facilities in India.

The findings related to technology development dredrole CDM plays within this develop-

ment are summarized in Table 6-3.
Table 6-3 Technology development related to CDNh&Indian wind sector

Learning

Local or foreigr
actors involved

PDDs make reference to the vendors of wind turbiAesong these
vendors Suzlon (Indian), Vestas (Danish) and Emer¢@ermany)
are often mentioned.

Suzlon has recently acquired a number of Europes@arch and de-
velopment companies (Suzlon, 2009). This incredabedability of
Suzlon to innovate and develop new and improvedimbine de-
signs.

Developmen * Wind energy is a well developed technology in a carcial stage.
stage of technol- |«  One PDD mentions that the project installed nevbitlr models
ogy used (CDM.ID.1333).

R&D

Part of R&D po-
ject

No specific references are made to R&D projects.

Adaptive researc
performed

One project mentions a technical barrier due tqfibeeering nature
of the project due to non-compliance of local awdeign parts.
(CDM.ID.0658)

Feedback to R&

Spillover

Hard- * By acquiring Dutch, German and Danish wind R&D campgs

ware/software Suzlon strengthened its innovative capabilitiesceBise of these ac-

transferred quisitions Suzlon is better capable of innovatisgpiroducts and de-
veloping new ones. Because CDM plays a role indiffesion of
wind turbines in India, it might have contributexdenerating the fi-
nance needed to make these acquisitions.

» Enercon (Germany) has opened up manufacturingtfesiin India

(CDM.ID.0120)

First in In- * Projects are not mentioned as being first of itglkWind farms are a

dia/World /State well known commercial technology, also in India.

or Industry

Economies of sca

Up scalin¢ of na-
tional industry

The large involvement of Suzlon and its growth ameindication of
the fact that the Indian Wind Industry is scaling 0T’he fact that
most new wind farms in India are co-financed by CiBMn indica-
tion that CDM is contributing to the market expamsi
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Innovation System

This analysis found that possible changes in thevation system (“set of institutions that con-
tribute to the development and diffusion of tecluggl’ (Metcalfe, 1995)), as a result of CDM,
are difficult to find by studying PDDs.

One aspect that was found when studying the PDDs tmat 4 out of 6 wind PDDs studied
made a statement about state or national wind ppaley and that in each case it was clearly
stated that wind power is inadequately supportedthte or national policy to render the pro-
jects feasible. It is unsurprising that PDDs sth&g domestic wind power policy is insufficient
to stimulate the development of wind power projesisce projects need to pass the additional-
ity check.

Mandatory laws and regulation are part of the Btsp of determining additionality of a project.
In the first step of determining additionality atiatives to the proposed project have to be iden-
tified that are in line with regulations and law(@ EB, 2009). Strict environmental laws and
regulation would thus automatically render projectd-additional. The second step involves
investment analysis, to determine if the projectulactually be executed without CDM reve-
nues, which involves taking into account local siizmion measures.

The Gol and states have their own stimulation pgekdo stimulate the development of wind
power. These include sales tax, feed in tariffs palicy targets (CDM.ID.1333). It however
becomes clear from the PDDs that wind projectsnctlthat the stimulation measures of the
states are unreliable or insufficient to stimulated power projects on their own.

However diffusion analysis suggests that before72b@lia developed wind power projects
without the CDM, but has learned to use CDM in &ddito domestic support (see Figure 6-3
& Figure 6-4).

The findings related to the effect of CDM on theadmation system are summarized in Table
6-4.

Table 6-4 The impact of CDM wind power projectstba innovation system

| nnovation system |

Policy implica- * Four projects studied claim that sate policy pt@2001 was more

tions favourable to wind power than current policy
(CDM.ID.0120&1333&0451&1362).

* One PDD mentions that government wind policy iplecce but that
it is irregular and of non-conductive nature (CDM0658).

Infrastructure d- |« -

justments

Corporatee- e -

sponsibility

Support collao- |+ One very large project (468 MW, CDM.ID.1362) watiated by an
ration industrial association representing spinning nfdlsthing industry).

The PDD makes reference to the fact that this ptojorked very
closely with public institutions and it helped eacage its members
to participate in this project.

Connection witt |« In project CDM.ID.1362 wind parks are combined wgthnting Jat-
other industry ropa trees that can be used to produce bio oils.
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6.3.3 Noticeable findings from the other PDDs that were analysed

The other PDDs that were studied will not be dedth within the structured framework, as the
main focus of this case study was the wind se&palysing these PDDs did however lead to
some interesting findings.

Electricity generation under CDM

India plans to develop 100GW of additional capac ® Indian policy
by 2012 of which 10GW is planned to be derive target for
from renewable energy sources (PDD, 2005). g0
From the analysis of the CDM pipeline database cDOM
becomes clear that all CDM project in India (albpr

ject except the rejected and the withdrawn projec
add up to 20GW (see Figure 6-8).

Figure 6-9 depicts the different categories in \whi
these GWs are realised. Energy Efficiency sup)
side projects are involved in the installation ofe-
ditional 5.4GW installed capacity. Within this cate
gory there is one mega project that proposes te ¢
erate credits by installing supercritical turbingsto MW

4GW of 43% efficiency instead of the more expe

sive and common practise method of using subciFigure6-8 Contribution of CDM tc

cal technology of 31% efficiency (this project ol India's national electricity
to be first of its kind in India using supercriti¢cach- ambition
nology).

Projects in the category biomass energy contaimlgnarojects that use bagasse or agricultural
residues to generate electricity. Projects in tegory fossil fuel switch are mainly derived

from 6 power plants that switched to natural gdse lflon’s share of MW generated by projects
in the EE own generation comes from projects inritve and steel or coke oven industries. The
biomass energy sector, hydro sector and the wintbisé¢he main renewable energy sources
categories) together add up to about 9GW of iredathpacity.
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Figure 6-9 Different categories in which MWs frorD® projects are installed

The analysis thus shows that CDM is involved inaw@0% (20GW) of the current policy target
of adding 100GW by 2012 and up to 90% of the reidsgatarget of 10GW by 2012.

This however has to be seen in the context ofdhg term target of the Gol of increasing the
installed capacity up to 800GW (including 5-6% (&4W) renewables) by 2030 (Gol, 2006).
This analysis shows that the CDM has a considetraigact on the electricity sector of India.
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An R&D project

One project (CDM.ID.0400) had a strong connectiathviR&D activities. The energy effi-
ciency project aimed to reduce the steam consumpmtica stripper reboiler (type of heat ex-
changer) at a combined refinery, chemistry and pgweducing industrial complex. Interest-
ingly this project has a clear relation with R&Dtigities. The project states: “The project activ-
ity is the result of in-house R&D and involved agess simulation and innovative measures to
make changes in the established process technslggylied by world’s renowned technology
supplier M/s UOP.” (CDM.1D.0400, PDD, p3).

The project won a price (by the Petroleum Cons@maResearch Association) for being inno-
vative. The PDD state that this innovation coulddifused to similar plants around the world,
leading to “worldwide benefit”.

This project indicates that CDM might influence R&ecisions. This project allowed the dem-
onstration and implementation of a new processnolgy which application might have
worldwide benefits.

Biomass sector

3 PDDs related to biomass were studied. Interdsgtialy) three of them claimed to be demon-
stration projects. The projects referred to ad@ptesearch that needed to be performed to make
the projects a success and two of the projectaneldito be first of its kind in India.
PDD.ID.0668 claimed to be a demonstration project first of its kind in India. It also stated
that the technology was well established in Indizsstno technology transfer was needed.
These findings suggest a different technologicalaghyics in the biomass sector than in the wind
sector. In the biomass sector the projects moenaftaim to be first of its kind or a demonstra-
tion projects.

According to data about the potential for energgegated from biomass and the current in-
stalled potential there is still a large undevetbpotential. There is a potential for 16GW
(MNRE, 2008) of which 0.5GW (PDD, 2005) was instdlin 2004 and 3GW is currently being
installed under the CDM (UNEP/Risg, 2008a). Thiplies that the CDM increased the diffu-
sion of biomass for energy projects from 3% of plogential to 22% of the potential (see Ap-
pendix H).

In short it appears that different sectors facéedsht challenges and experience different dy-
namics.
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6.3.4 Key findings from the analysis

The CDM has a considerable impact within the Indiaetricity sector with respect to technol-
ogy diffusion. CDM is involved in 20% of the additial electricity capacity instalments target
up to 2012, and fulfils 90% of the Indian renewablarget of 2012. Within the wind energy
sector CDM is used for co-financing over 43% of tibtal installed capacity by the end of 2008
and between 2007 and 2008 the number of new winvdeipgrojects using CDM for co-
financing went up to 100%.

And there is still a lot of additional potentiahdia targets to dramatically increase its energy
consumption mainly through the installation of mégaal) projects and there is still a large ca-
pacity for additional project in among others tipplacation of wind, biomass or super critical
technology.

With respect to the development of technology theysis showed that within the wind energy
sector India is developing a strong global plagzlon. The company is estimated to be in-
volved in over 40% of Indian CDM wind power projgcbecause India has a strong local player
it is able to let a national companies benefit fritta learning experience derived from the in-
creased diffusion of wind power. Suzlon has growbe one of the leading global wind energy
companies. However this decreases the amount lbhoéagy transfer, since technology is de-
rived from local companies instead of being acqui®m Annex | country companies. But
rather than being perceived as negative it coulddreeived as positive in the case of wind en-
ergy, since it implies strong domestic technoldgizspabilities. By acquiring western R&D
companies the company has increased its innovedipabilities.

One energy efficiency project was encounteredhbdta clear relation to an R&D project. The
project claimed to implement a first of its kincheology that was developed in-house and
would have a global benefit. Within the biomasd@ea number of projects claimed to be dem-
onstration projects and to be first of its kind.ndoof the projects analysed in the wind sector
made such claims. This finding indicates that CDMhnhhave different effects on technology
development depending on which specific sectonadyesed.

The method appears to be limited in gaining insigta the subtle impact of the CDM on the
national innovation system, however some obsemsatare interesting.

The analysis shows that most projects in the waalcs claim that current national policy is in-
sufficient to develop wind power projects withouDK co-finance, which may not be surpris-
ing in the light of the additionality test. Some Pmention that wind power policy used to be
more favorable in previous years. What howevetrikisg is that from the diffusion analysis it

became clear that India has been able to develge leapacities of additional wind power
without CDM co-finance. It is only since 2008 thH0% of all additional installed capacity
uses co-finance from CDM.

Diffusion analysis suggests that before 2007 Irtimeloped wind power projects without the
CDM, but has learned to use CDM in addition to dstigesupport (see Figure 6-3 & Figure
6-8).
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6.4 Case 2: Iron and steel sector

This section will present the second case stuayt e sector will be introduced. Secondly the
results will be presented followed by the key fimgk.

6.4.1 Introduction into the Indian iron and steel sector

According to the IPCC the iron and steel sectortritmnes 3-4% of global greenhouse gas
emissions alone. The emissions are expected to gréfve coming years due to increased pro-
duction activities worldwide (Christmas, 2008). fédnés an international desire to push towards
more efficient and environmental steel production.

The technological dynamics of the Iron and Steel industry:

There are two main methods applied for making sfBe¢ first is based on using a Blast Fur-

nace (BF) in combination with a Basic Oxygen Fum@sOF). This process is often called in-

tegrated steelmaking. This technique uses raw raieuch as iron ore, limestone and coke.
The blast furnace produces pig ore, which is feéd the basic oxygen furnace to produce steel.
The second method uses an Electric Arc Furnace YERfis technique primarily uses scrap

metal as a feedstock, but Direct Reduced Iron (i&8o called sponge iron) can also be used
as a feedstock. The scrap based method is oftemedfto as the mini mills.

The BF/BOF combination is mainly used for produdaugye quantities. The EAF technique has
lower investments costs and is more often usedddyze smaller quantities, either to supply a
local market or to create specific products. Theerszrap metal is recycled within a country;

the better is its overall energy efficiency wherameed over the total chain.

Increased environmental performance within theasedn be achieved by the diffusion of ex-
isting technology and the development of new tetdgyand practices. According to the
World Steel Association a lot of advancements halveady been implemented, among them:
enhanced energy efficiency, improved recycling,riomed use of by-products and better envi-
ronmental protection techniques. To further enhaheeperformance of the sector three areas
for improvement are named: through the producth@fteel industry (for instance strong light
weight metals improve the performance of cars amdiwirbines), technology transfer and the
development of breakthrough technologies (worldsieg 2009).

There are many ways to improve the environmentdbpeance of plants. Methods include the
recovery of thermal energy, recycling of materialsntinues casting, improved burner technol-
ogy, producing energy from waste BOF gasses et®(AP07). The handbook on state of the
art technologies for the Iron and Steel sector saover 70 different technologies and processes
(APP, 2007). To what extent plants use pollutioevpntion methods depends largely on eco-
nomic conditions and environmental regulatory adiions. The potential for environmental
improvements using these technologies lays maippli@ation of these technologies in devel-
oping countries that have not yet applied thesbn@ogies (worldsteel.org, 2009). Modern
plants are already optimized for energy efficiency.

An additional significant decrease in the CO2/toatez| within modern plants that are already
equipped with state of the art technology can drdyachieved by radical new breakthrough
technologies. Promising breakthroughs mentionedhkyWorld Steel Association include the
recycling of blast furnace top gas, carbon capdumck storage, direct reduction with oxygen and
using electricity from renewable sources or biomass

The steel sector faces important technologicallehges. There are many different combina-
tions of technologies that can be applied to predsteel and new technologies and improve-
ments are still being developed and discovered. dpication of these technologies greatly
depends on economic conditions and the tightnessvofonmental pollution restrictions.
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The steel industry is a global Industry. In recgsars the industry has grown, mainly due to
economic development in developing countries. Tiesgnt financial crisis has hit the sector
hard. The World Steel Association has spoken auéfglobal sector approach to reduce green-
house gasses within the sector (worldsteel, 2007).

Development of the Indian iron and steel sector

India is the fifth largest steel producer in therpwith an output of 53Mt in 2007 (of a total of
1,344Mt) (worldsteel.org, 2008). China is by fae thrgest producer with an output of 489Mt in
2007. Production in India rose from 22Mt per yeaf 995 and 27Mt in 2001 to 53 Mt in 2007.
With a steel use of 43 kg per capita in 2007 Irsdith falls far below the world average of 194
kg per capita. In recent years India has experekrackrge growth in production. Interestingly
India has developed a clear leading role in thelgeton of sponge iron (intermediate product
with 90-97% pure iron). With a production of 18mMt2007, out of a global production of 65Mt,
India was by far the largest producer of sponge.itndia uses mainly coal to produce sponge
iron, which is a very emission intensive proce&s\(12008). Sponge iron can be used in EAF to
replace scrap metal and the government stimulateddnstruction of sponge iron plants due to
scarcity of scrap and coking coal (which is notdeskwhen using an EAF instead of a BF and
BOF). The production of sponge iron was stimulatgdhe government by among others de-
licensing, and financial support (Electrotherm, 200

After independence (1947) the Iron and Steel sectsr earmarked for state control. Anno 2009
still a large part of the sector is in public cah@nd run by the Ministry of Steel. It was not un-
til the 90s that due to globalization the sectos Waeralized and deregulated, which led to the
emerging of a private sector, rapid growth in tteeksector and greater excess to modern tech-
nology (Gol, 2008). After a slowdown during the &sifinancial crisis at the end of the 90s, the
sector experienced a boom from 2002 onwards. Ir5 288 Government of India (Gol) an-
nounced a National Steel Policy (NSP) to steegtioeth of the sector. The NSP aimed at pro-
duction of 110Mt by 2020, but recent estimationpest production to reach nearly 124Mt by
2012 (Gol, 2008). These estimations were beforditlaacial crisis. The financial crisis led to a
sharp decrease in the price of steel and the lenmg éffects of the crisis still remain to be seen.
Related to CDM the Ministry of Steel makes it cléaat it “is pursuing all other Iron & Steel
companies to avail this (refers to CDM) opportuh{@ol, 2008p56).

As of September 2008 CDM pipeline database incld@dsprojects in the Iron and Steel sector,
of which 95 are in India.

6.4.2 Impact of the CDM on the Indian iron and steel sector

In this section | will use the methodology develdpe chapter 5 to discuss the impact of the
Clean Development Mechanism on technological chamgyee Indian iron and steel sector.

The results are presented in three different stdgest | will deal with findings related to the
diffusion, secondly to the findings related to teclogy development (learning, R&D, spillover
and economies of scale) and thirdly with the figdimelated to the impact on the innovation
system.

The PDDs selected for this case study were akbéven Iron and Steel related CDM projects in
the province of Karnataka. This was done to geiraptete picture of the dynamics in one prov-
ince.

Technology diffusion

Yearly GHG emissions within the Indian Iron andebtgector are estimated to be 132 MtCO2-
eg in 2005 (see Figure 6-2). The IEA (2008) estamdhat best available technologies would
allow a reduction of about 25 Mt CO2 /yr in Indrad005. The total CERs generated within this
sector amount to 8 MtCO2-eq/yr within the firstipdrof the CDM (UNEP/Risg, 2008a).
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According to the Worldsteel association the glabadrage CO2 emission per tonne steel is 1.7
tCO2-eq /t steel (Worldsteel, 2008). With a produtof 46Mt steel and GHG emissions of 132

Mt CO2-eq in 2005, the Indian average is estimabeoe 2.9 tCO2-eq /t steel. The 8Mt reduc-

tion gained by CDM would equal a decrease of 0a@2-eq /t steel. This indicates that there

are still many possibilities to lower the GHG enuss in India.

Table 6-5 gives an overview of the status and tethodologies the projects that are currently
undertaken under CDM to lower the GHG emissionthefsector. This data does not include 7
projects that are undertaken in coke ovens, sime€ERs derived from coke ovens was not in-
cluded within the Iron and Steel sector during megbgy diffusion analysis of India (Figure
6-2).

Table6-5 Status and methodologies of the projects in theaimdiion and Steel sec
(UNEP/Risg, 2008a)

1st preriod

Status ktCO2e/fyr Methodologies

Registered 34 3.291 ACM12 or ACM4 80

At Validation 51 4.271 Including ACM2 3

Request Review 7 565 AMBE 1

Under review 3 236 AMS-II.D. 8

total 85 8.362 AMS-1IL.Q. 5
AMS-1.C.+AMS-1.D.+FAMS-111.Q. 1

ACM12 = GHG reductions for waste gas or waste heat or waste pressure based energy system (ACM4 is replaced by ACM12)
ACM2 = Grid-connected electricity generation for renewable sources (no biomass)
AMB6 = GHG emission reduction through waste heat utilization for pre-heaing of raw material in sponge iron manufacturing process
AMS-11.D.= Energy efficiency and fuel switching measures for industrial facilities
AMS-I11.0.= Waste gas based energy systems
AMS-L.C. = Thermal energy for the user
AMS-1.D. = Renewable electricity generation for a grid

The 95 project will together generate 8 MCERs alyail 2012. The most common method-

ology used is ACM12 (see Table 6-5). ACM4 has laten replaced by ACM12. The ACM12

methodology can be applied in projects that gereeddctricity by using waste gas, heat or
pressure.

Table 6-6 presents a summary of the findings réledethe impact of CDM on technology dif-
fusion in the iron and steel sector of Karnatakafodtunately no publically available data was
found about the total number of steel plants infggaika or the diffusion of technology without
CDM co-finance. This makes it difficult to asseke tontribution of CDM on the total diffu-

sion.

Table 6-6 Summary of findings related to the difbasof technology in the iron and steel sector

Diffusion

Current level o * 5 out of all the steel plants in Karnataka use BE tgp generate

diffusion electricity (CDM.1D.0222).

* 4 out of 7 pig iron manufactures in Karnataka ilked in power
generation (CDM.ID.3914).

* Low penetration of captive power plants in the gmoiton industry
(CDM.ID.3260).

Potential for * There are 20 sponge iron plants in Karnataka amduirent diffu-
diffusion sion of waste gas utilization processes is low (CIDMB260).
Role of CDM in * waste gas utilization is on the rise due to CDM KCD.0387)
realising

diffusion

Encouragemer « 5 out of 7 projects mention that the project wilteurage further
for further diffusion of the technologies that were used inghgect.
diffusion
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Technology development

To assess technology development | will look atreey, R&D, spillover and economies of
scale.

With respect to learning this analysis shows thatMCprojects in the iron and steel sector in-
volve both Indian firms as well as suppliers frane tUSA and Europe. The technologies ap-
plied include both novel and existing technologiesl the designs that are used are often cus-
tom designed or novel. 6 out of 7 projects thatenstudied mentioned that the project contrib-
uted to skill building. This often involved traigrthe staff to be able to work with the new
technology or design.

This analysis found one example of a project themtioned that the project was preceded by in
house R&D. The R&D “resulted in the developmentdieating zone around the burner of the
boiler to facilitate in complete burning of the wagas” without the need for supporting fuels
(CDM.ID.3755, p21). This R&D was of Indian origimé the project was executed by Indian
partners (CDM.ID.3755). Furthermore two projectsntitned the technological challenge of
adopting the technology to the local circumstances.

Two projects that were analysed mention that tlogepts are first in the world to implement the
technology and three other projects analysed metiiat they are the first of its kind in India.
These findings suggest that CDM projects withinitba and steel sector could also be impact-
ing the technology development of the iron andlsteetors by stimulating learning, R&D and
spillover through projects that have an experimecitaracter and stimulate the development
and demonstration of technology. This is an intangsfinding since the CDM was not inten-
tionally designed to facilitate technology devel@mnn

The findings related to technology development dredrole CDM plays within this develop-
ment are summarised in Table 6-7.

Table 6-7 Summary of findings related to technmalgdevelopment in the iron and steel
sector CDM projects

Learning

Local or foreigr * 3 out of 7 projects include information about tlaianality of the
actors involved actors involved with supplying the technology amdwledge. One
mentions using European technology customizedd@mmprac-
tices, one mentions being supplied, designed anelaleed com-
pletely by Alstrom (USA) and a third project memsoonly Indian
project partners and technology suppliers (thigggtalso applies
first time in the world, in house R&D).

Developmen * One PDD mentions that the project installs “novetpeater tech-
stage of technol- nology”. Apart from this project two projects mentibeing the

ogy used first in the world to install their technology, vei would indicate
that that technology is in a development stage$oo3 out of 7
projects are using advanced technology in othedsvtchnology
that is still in its demonstration phase (see Fagiu3).

Skill building * 6 out of 7 projects mention that they will contribwo skill build-
ing

Custom desig * 3 out of 7 projects make reference to the fact ahaistom or novel
design is applied within the project

R&D

Part of R&D po-
ject

1 out of 7 projects refers to in house R&D. Thigject is the first
in the world to apply this R&D (CDM.ID.3755)

Adaptive researc
performed

2 out of 7 projects mention the difficulty of adiogt the technol-
ogy to local circumstances.

Feedback to R&
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Spillover

Hard- » See “local or foreign actors involved”

ware/software

transferred

First in In- * 2 out of the 7 projects mention being first in terld with the ap-
dia/World /State plication of new processes or technologies.

or Industry » 3 out of the 7 projects mention being first in Ba@not including

the 2 projects that mention being first in the wpriOf these 3 pro-
jects 1 also mentions its novel design and one atfeations trials
and modification made during the absorption andistation of
the technology.

Economies of scal

Up scalingofa- | « -
tional industry

Innovation system

Changes in the innovation system as a result of GipdHifficult to find by studying PDDs.

Two PDDs mention that the firms involved have intgronal alliances, but no references were
found about new relation forged as a result of@Bd projects.

4 Out of 7 PDDs mention that current regulatiotnidia does not obliges the companies to ap-
ply technology to use the energy that is still remmag in the blast furnace gasses. However the
analysis of PDDs does not tell us how CDM influendemestic regulation.

The findings related to the innovation system amelriole CDM plays within changes of this
system are summarised in Table 6-7.

Table 6-8 Findings from PDDs about the innovatigstsm in the iron and steel sector

I nnovation system

Policy implica- 4 out of 7 PDDs mention that there is no regulati@t obliges the

tions companies to apply the technology.

Infrastructured- | « -

justments

Corporatee- e -

sponsibility

Support collao- » 2 PDDs mention that their firms have internaticalfiinces.

ration

Industrial eclogy | « One PDD mentions that the fly ash produced wilubed in cement
manufacturing

6.4.3 Key findings

The 95 iron and steel related CDM projects in Irmbald have a significant impact on the dif-
fusion of technologies to reduce emissions in tigian iron and steel sector. Yearly GHG
emissions within the Indian Iron and Steel secter estimated to be 132 MtCO2-eq in 2005
(see Figure 6-2). The IEA (2008) estimates that heailable technologies would allow a re-
duction of about 25 Mt CO2 /yr in India in 2005.€Ttotal CERs generated within this sector
amount to 8.3 MtCO2-eqg/yr within the first periotdtibe CDM (UNEP/Risg, 2008a).

Of the 95 iron and steel related CDM projects 86 about energy recovery from waste heat,
gas or pressure, 8 projects are about fuel switdhlaabout preheating raw material.

A key finding from this analysis about technologgvdlopment is the seemingly experimental

character of iron and steel sector projects. 2bidtprojects claimed to be first of its kind ireth
world of which one projects was preceded by ananse R&D project and three other project
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claimed to be first of their kind in India. The #®as also found three projects that contained
novel or custom designs and references to two @ojbat claimed that adaptive research had
been performed in order to install the new techgwl@ll but one of the PDDs studied men-
tioned the skill building activities that would beeded to train their staff.

This finding shows that CDM can support projecthmain experimental character. These pro-
jects could in turn aid in the development and destration of novel technologies that could
have a global benefit.

The method appears to be limited in gaining insigta the subtle impact of the CDM on the
national innovation system. 4 Out of 7 PDDs mentonrent regulation does not oblige the
companies to apply the technologies applied byG@RM projects. However from studying

PDDs it does not become clear how CDM influencesdbvelopment of regulation.
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6.5 Case 3: HFC producing industry

This section will analyse TC as a result of CDMhe HFC producing industry (here defined as
the sector in which hydrofluorocarbons are produdekctly or indirectly). First | will intro-
duce the sector. Secondly | will present the resinim the analysis. Thirdly | will draw key
conclusions.

6.5.1 Introduction into the HFC producing industry

HFC is a collective name for a group of differeasges. These gases mainly used as refrigerant
and are used as an alternative to CFCs; since @FECszone depleting and they are being
phased out under the Montreal Protocol. Some &fetlgasses have a very strong global warm-
ing potential (GWP) (see Figure 6-10).

Emissions GWEP 1990 1995 2000 2005 CAGR (%)

HFC-134a | 3000 285 1437 38
HEFC-152a S0 l 2 6o 23
HEC-227ea 3800 1 137 271 16
HFC-23 L17dy  BT3 2004 4936 9500 17
Total HFCs 873 2066 3361 11214 19

Figure 6-10 Indian HFC emissions in kt&€y/yr (Garg, 2006)

Since the HFC gasses (CFC substitutes) have haffagivarming potential, the quest for sus-
tainable alternatives is ongoing. Directions forelepment include (IPCC, 2005, p12):

* Not-in-kind technologies that produce the sameltrésu do not use HFCs

* Increased use (and development of) alternativetaobes with a lower GWP

» End-of-life recovery, recycling and destructiontioé substances

* Reduced use and better containment of the substameguipment

HFC-23 has the largest GWP and the destruction wwinhe HFC-23 equals the reduction of
11,700 t CO2-eq. HFC-23 is a by product of HCFC&Rich is used in air conditioners. The
technology used for mitigating HFC-23 is thermaldation. Thermal oxidation technology is
very effective in destroying HFC-23. It burns thEE+23 waste stream using oxygen and a little
bit of hydrogen to fuel the reaction. Most westeountries stopped using HCFC-22 altogether
and developing countries are supposed to phasd@EC-22 by 2040. There is a search going
on for the best replacement of HCFC-22 (alternatinelude HFC-134a and HC-290 (Devotta
et al., 2001)).

HFC-134a can also be replaced by other substafibese are numerous alternatives being de-
veloped, but their application and suitability dege on the specific circumstances. A recent
methodology under CDM (AMS-II1.N) switches HFC-13#a Pentane at Poly Urethane Foam
manufacturing plants. Currently only two of thesejgcts (both in India) are under validation.
Other methodologies to replace HFC-134a in spesifitations are also proposed (see Table
6-9).

Socio- economical dynamics

Since HFCs have a very large GWP it is unsurprisived we want to mitigate these gases.
However the CDM has resulted in controversy du@dnverse incentives that occurs due to
HFC-23 destruction projects.

The destruction of HFC-23 by thermal oxidationatatively cheap and can be done for as little
as US$0.2/tCO2-eq (IPCC, 2005, p15), while genagdtirge amount of credits. Since the mar-
ket prices of CERs are far higher, the generateonme from the destruction of HFC-23 may be
higher that the income generated from the prodnaioHCFC-22 (Schneider, 2007). HFC-23
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destruction leads to windfall profits giving compswith CDM projects competitive advan-
tages. It would even become economically feasiblproduce HCFC-22 just for the sake of
generating credits by destructing the HFC-23 wgate

The first CDM project to be submitted and accepted an HFC-23 destruction project. As can
be seen from Figure 2-4 in the beginning of the CBMrge part of the CERs were generated
from a relatively small number of HFC-23 destructfojects.

To prevent the perverse incentive it was decided tiewly built plants cannot submit CDM
projects. The discussion what to do with new pla&ill ongoing.

This discussion is also influenced by the fact tH&tFC-22 is part of the Montreal Protocol
(about the mitigation of ozone depleting gassesjeuwhich non-Annex | countries are obliged
to phase out HCFC-22 production by 2040.

Methodologies used under CDM

Under CDM there are three approved HFC mitigatiethodologies of which the most com-
monly used is about HFC-23 burning (UNEP/Risg, 2)08he other two are still new. One is a
small scale methodology about avoiding HFC emissioy replacing HFC in poly urethane
foam manufacturing (PUF) and the other is aboutchimg refrigerants in refrigerators.

As of august 2008 there are 20 HFC-23 destructiofepts (of which 5 in India). HFC-23 de-

struction accounts for 99% of the emissions redactn the Indian HFC producing industry

(see Figure 2-4). Two PUF projects (both in In@iayl one (also in India) about manufacturing
and servicing refrigerators are the only two otHEIC mitigating projects approved.

Table6-9 HFC methodologie (UNEP/Risg, 2008:

Description Number | GHG Host country
reduction/yr

Approved methodology |Burning HFC23 from HCFC22 production AM1
Approved small scale N. Avoidance of HFC emissions in rigid Poly AMS-IILN.
methodology Urethane Foam (PUF) manufacturing

Approved methodology |Manufacturing and servicing of refrigeratorsand AMO0071
freezers using low GWP refrigerant (from HFC-134a
to hydrocarbons)

Proposed new small scale |Integrated Refrigerator Energy Efficiency and SSC- 3 ktCO2 Brazil
methodology Recovery of HFC-134a NM12

Proposed new small scale |Natural refrigerantsin after market mobile air- SSC- 22 ktCo2 Iran
methodology conditioning systems (MACs) NM13

The proposed new methodologies all deal with theenadficient use of HFC-134a or the use of
alternatives. This is a good development sinceetlieia range of possibilities to develop and
apply alternatives for HFCs.

The newly proposed methodology “Natural refrigesaint after market mobile air conditioning
systems (MACSs)” offers an interesting perspectinglee development of technology. The PDD
that accompanies the proposed new methodology pespo use a refrigerant (to replace HFC-
134a) that is a non-incumbent technology. The refwgerant (that uses a mixture of propane
and isobutene) that is proposed to replace HFC-ik3dsed in a number of Australian states but
is illegal in other Australian states and the USAe refrigerant is highly flammable but did not
result in any accidents (IPCC, 2005). If the projeould be executed it would create a new
market for the non-incumbent technology. The difinsof this technology on new market may
lead to learning experiences that could help tebigvand improve the technology.

2 http://cdm.unfccc.int/public_inputs/inputam0001/@nent_ AM0001_Schwank_081004.pdf
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6.5.2 Impact of the CDM on Indian HFC producing industry

In this section | will use the methodology develdpe chapter 5 to discuss the impact of the
Clean Development Mechanism on technological chamffee Indian HFC producing industry.
The results are presented in three different stdgest | will deal with findings related to the
diffusion, secondly to the findings related to teclogy development (learning, R&D, spillover
and economies of scale) and thirdly with the figdimelated to the impact on the innovation
system.

Technology Diffusion

With respect to technology diffusion it becomesaclEom the analysis that most HFC projects
that were taken up under CDM were HFC-23 destrogbimjects. These projects have had a
profound impact on the CDM due to the large amatiredits generated.

The diffusion of alternative HFC mitigation projedtas only recently started with two small

scale projects under AMS-III.N and the approvatmethodology AMOO071.

Table 6-10 gives an overview of different HFC enaigs and the amount of CERs that were
realised in India by mitigating these emissions.

Table 6-10 HFC emissions and CERs

Emissions in 205 | CER¢yr up to 201.

[kt CO2-eq] [kt CO2-eq/yr]

(Garg, 2006) (UNEP/Risg, 2008a
HFC-23 9,50C 11,032
HFC-134¢ 1,437 46
HFC-227e: 271 0
HFC-152¢ 6 0

With respect to the potential for diffusion it bewes clear that for HFC-23 projects the poten-
tial lays with newly build plants. However currenthese cannot apply for credits due to the
perverse incentive that occurs from HFC-23 destingirojects.

Taking into account the Montreal Protocol restans on the use of HCFC-22s Bakker et al,
(2007) estimate the global potential of CERs frofQ-23 mitigation from HCFC-22 produc-
tion of 119.2 MtCO2-eq in 2020, of which 17 Mt framaw to build plant.

Since other HFC mitigation projects are scarcer@@w methodologies have just recently been
approved and proposed it can be expected thatighstd a potential for diffusion of these pro-
jects.

The findings related to technology diffusion and tole CDM plays within this development
are summarised in Table 6-11.

Table 6-11 Summary of findings related to diffus@rHFC projects

Diffusion
Current level o * The diffusion of HFC-23 destruction projects (usmgthodology
diffusion AM1) went very quick (see Figure 6-10). The HFCH28jects in the

CDM pipeline for India add up to 11MtCO2e/yr, whishmore than
the estimated 9,5Mt emitted in 2005 (Garg, 2006).

* The diffusion of projects for other HFC gasseu# gtarting (see
Figure 6-10). Two small scale projects for HFC-13%atement have
been submitted in India. Three new methodologiesabmitted (see
Table 6-9).
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Potential for * The current potential for HFC-23 destruction prtgdies in newly
diffusion build plants. However it was decided that due ®ghrverse incentive
new plants cannot take part in CDM activities. &dfic solution to

counter the perverse incentive and phase out HCF@HPhave to be
found.

* There is still potential for the diffusion of preojs in HFC-134a miti-
gation. Currently only one methodology is approv&dew ones are
in the process of approval.

Role of CDM in * The CDM has had a large role in the diffusion @ txidation tech-
realising nology for HFC-23 destruction. However it had aveese incentive
diffusion and stimulated the production of HCFC-22, thatisially in the
process of being phased out by 2040.

Encouragemer * 1 out of 2 AMS-III.N projects (ID.CDM4079) claimbadt the project
for further will help promote the use of pentane over HFC-134a.
diffusion

Technology development

The technology for the HFC-23 destruction projéwts all been transferred from Annex | coun-
tries. All project mention skill building but tha¢lates mainly to the basic operation and main-
tenance skills.

The new HFC (134a) mitigation projects mention tinet first of these projects required large
R&D costs to adapt the technology (ID.CDM4079) altgh the technology used for this project
was already well established in the developed world

The potential of CDM to contribute to the develommef new alternative technologies in the
quest to replace HFCs lies with the developmeninofe different HFC mitigation projects
(apart from HFC-23 destruction).

The CDM project in Iran that accompanies the negrlyposed methodology SSC-NM13 pro-
posed to replace a refrigerant in car air condéierwith a more sustainable alternative. This
alternative is still a niche application for it gnlised in some cars in Australia. This project
might help the technology further develop and pr@redisprove) itself.

The findings related to technology diffusion and tole CDM plays within this development
are summarised in Table 6-12.

Table 6-12 Summary of findings related to technpldgvelopment in HFC producing industry

Learning

Local or foreigr * It becomes clear from the PDDs studied that thiertelogy that is ap-

actors involved plied in the Indian HFC-23 destruction projects esrifrom Europe
and Japan. The learning effects related to impgpthe technology
are thus mainly gained by western companies.

* In case of the HFC-134a destruction projects thB$d8o not give a
clear picture apart from mentioning that the tedbgw is sourced
from well established vendors and is well estaklisim the developed
countries.

Developmen » Both the technology applied for the destructiotd&C-23 and that of

stage of technol- replacing HFC-134a by pentane are well establisbelthologies in

ogy used the developed world. This is clearly mentionedlilP®Ds.

Skill building » All projects mention that specialized training ahdl building is part
of the project. This mainly relates to operatiod amintenance skills.

Custom desig °« -

R&D

Partof R&D po- | « -
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ject

Adaptive esearcl
performed

One PDD (ID.CDM4079) mentions large R&D costs imeaal in
adapting the technology of replacing HFC-134a hytgquee.

Feedback to R&

Spillover

Hardware/ sa-
ware transferred

All the HFC-23 destruction project use technologyni developed
countries

The technology used for HFC-134a mitigation is sedrfrom “well
established vendors and running successful in dpedl countries”
(ID.CDM3884).

First in In-
dia/World /State
or Industry

Both HFC-23 destruction and HFC-134a mitigatiorotigh the use of
pentane in continuous PUF manufacturing had nat bdeee in India
prior to CDM.

Economies of scal

Up scaling of a-
tional industry

Innovation system

The empirical findings from the PDDs do not giveanunsight into the impact of the CDM on

the innovation system. We do know from literatubew the discussion related to the perverse

incentive that is caused by CDM and that occumettié HCFC-22 sector (Schneider, 2007).
The findings related to the impact on the innovaggstem summarised in Table 6-13.

Table 6-13 Impact on the HFC innovation system

I nnovation system

Policy implica-
tions

There is currently no regulation restricting thesmon of HFC-23 in
India. The perverse incentive of the CDM (lowerthGFC-22 prices
thus stimulating its market power and increasirglévels of HFC-
23) also negatively affects the need to phase G@EE+22 by 2040.
With respect to PUF production there are no resins to using HFC
within this process

Infrastructure d-

justments
Ccrporate e- 2 out of 7 PDDs mention the social and environmezgenmitment of
sponsibility the project company.

Support collao-
ration

One PDD (ID.CDMO0484) makes reference to the faat the com-

pany maintains relations with educational researstitutions. This
could be an example of collaboration between a emy@nd a re-

search institution. It does however not becomer dtean the PDD if
this is more than merely a charity financial suppor

Industrial eclogy

From the PDDs it becomes clear that HFC-23 cowdd bé used as a
feedstock in additional processes. However thene idemand within
India for HFC-23 as a feedstock.
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6.5.3 Key findings

The CDM has led to the widespread (100%) diffussbiFC-23 destruction technology in In-
dia. Additional potential for HFC-23 reduction ste in new to build plants. Due to controversy
over HFC-23 destruction, new plants are currendy eligible for CDM revenues. A suitable
approach to align the Kyoto protocol and the Maatprotocol will have to be developed.

The development of different projects in HFC mitiga (other than HFC-23 destruction) is just
recently taking off. New methodologies have beayppsed. This could be a promising devel-
opment, especially for the development and diffagibalternative substances.

All projects in the HFC producing industry contagchnology transfer and the build up of op-
eration and maintenance skills. One of the two HB@a mitigation projects claims that adap-
tive research was performed. No linkage with R&Djgcts was found in the PDDs.

Technological change within the HFC producing indu# India has mainly been due to the
diffusion of HFC-23 destruction technology and #ssociated transfer of operation and main-
tenance skills. The technologies used were welkldped; there are no indications that the
technologies installed were innovative or experitaerHFC destruction is an end-of-pipe tech-
nology. The real technological challenge is to digvend diffuse clean alternative technologies
for the use of HFCs. With the development of newhodologies under CDM, the diffusion of
alternative substances to replace HFC seems tgsbstparting.

The method appears to be limited in gaining insigta the subtle impact of the CDM on the
national innovation system. From literature we krtbat the CDM created a perverse incentive
to increase HCFC-22 production which is the reasby currently only emission reduction
from historical production levels are eligible fmedits (Schneider, 2007). However this analy-
sis did not produce any new findings with respedhte way CDM impacts the national innova-
tion system.
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7. Discussion

In this section | will discuss the usefulness @& thethodology and the findings from the three
case studies. The findings from the case studikbeirelated to each other and existing litera-
ture on CDM and TC.

This research set out to study the impact of théMGQid TC. The first aim of this research was
to unravel the concept of TC and the way CDM waaigact TC. Secondly this report aimed to
develop a method to measure the impact of TC. mMehod was applied to three case studies.
The findings from these case studies serve to:

* Improve our understanding of the way CDM result$ ¢

* Validate the method that was developed

* Judge the impact of CDM on TC in the three casdissuand possibly to generalize

these findings in order make recommendations

7.1 Discussion of the methodology

Part of the research in this study was to developthod to measure the effect of CDM on TC
in non-Annex | countries and apply this method muanber of case studies. The first step taken
during the development of the method was to comaevittp a definition of TC and a causal
model of the relation between CDM and TC.

The second step involved the identification of dedarces and the development of measurable
indicators that could be used to analyse the ogldietween CDM and TC.

The method developed in this research serves twoopas, first of all to strengthen the theo-
retical causal model with empirical findings andaally to assess the effect of CDM on TC in
non-Annex | countries.

The framework of TC, in which TC is divided intccteology diffusion, technology develop-
ment and the innovation system proved to be a Lskfssification. Also the sub-classification
of technology development into learning, R&D, spiltr and economies of scale proved to be
useful. This led to 6 variables for which indicatevere derived.

Next | will discuss the usability of the indicatdisgt were developed to measure each of the 6
variables and the way this method set out to gatat. | will first discuss technology diffusion,
secondly technology development and thirdly thengesof the innovation system. Afterwards |
will discuss the application of the methodology @&nd with conclusions

I will evaluate the variables used for this stuadgéd on two questions:
1. Was data available about this variable?
2. What was the quality of this data?

7.1.1 Measuring technology diffusion

With respect to the indicators of technology diftusthis method proved to be able to gather
sufficient data on technology diffusion. The CDMvgline database (UNEP/Risg, 2008a) gives
an excellent account of diffusion under CDM. To thi$ diffusion into perspective it has to be
related to other data such as diffusion without CBMl data about the potential for diffusion.
Accurate data about diffusion without CDM and abthe potential for further diffusion of
technologies is more difficult to find.

Among others it would be desirable if non-Annexulntries would have more up to date GHG
inventories.

The evaluation of measuring technology diffusiosusnmarized in Table 7-1.
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Table 7-1 Evaluating measuring technology diffusion

Indicator | Measuremel Data availability Data quality
Current | -General: General: The CDM pipeline ca- | Data quality of the CDM pipelin
level of | [CERS/GHG emis-| base supplies excellent data abpdatabase is excellent.
diffusion | sion] the diffusion of CDM projects. | Data from literature and governmen-
-Additional diffu- | Data on GHG emissions of countal sources is scarcer and of lower
sion data: [dejtries was old (more recent datguality.
pends on datawas by EcoFys was found, but
availability] not yet included, see (Hohne |et
al., 2008)).
Data on sector emissions in ngn-
Annex | countries is difficult tg
find and/or has to be constructgd
from different sources.
Addition data about diffusion af
specific technologies is more dif-
ficult to find and not always read-
ily available.
Potential | [depends on dal| Data about the potential for cu- | In some casesata about diffusiol
for availability] sion of a certain technology campotential is available (for instance for
diffusion be obtained from grey literaturewind) but in other cases this data| is
or estimations based on benghmore difficult to obtain (iron and
marks with other countries steel) in which case more aggregate
data and benchmarks can be used
Role of| [depends on da | This indicator is based on thn- | -
CDM in | availability] formation of the current level of
realising diffusion and the potential for dif-
diffusion fusion.
Encourar | [#PDDs mentin- | PDDs often mention that then- | -
ement for| ing indicator] courage future projects
further
diffusion

7.1.2 Measuring technology development

The indicators that were developed to study theachmf CDM on technology development
were useful. This method looked at specific indicaiand whether they were mentioned in the
PDDs. It is not a mandatory requirement to mentleese indicators in PDDs. It can be con-
cluded that these relations were actually founthiwithe PDDs (see Table 7-2). However PDDs
are documents written by the project proponentlane the tendency to show a rosy picture of
the project. The data acquired from looking forizadiors in the PDDs remains qualitative.

The evaluation of measuring technology developrieestimmarized in Table 7-2.

Table 7-2 Evaluating measuring technology develogme

—

Indicator | Measuremel Data availability | Data quality |
Learning

Local or far- | [#PDDs min- Limited data availability fron | If this data is mntioned
eign actors | tioning indicator] | PDDs. in PDDs it can be as-
involved sumed to be correct.
Developmen| [#PDDs mn- Limited data availability fron | PDDs do not reularly
stage of tioning indicator]| PDDs. mention the developmen
technology External sources can be used tstage of the technology
used judge the development stage ofused.
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a technlogy

Skill build- [#PDDs mn- PDDs often mention whether | PDDs give a rosy cture
ing tioning indicator]| project contributes to skill and SD benefits are not
building. validated by the DOE
Custom e- | [#PDDs min- PDDs dten mention whether | Without expert jude-
sign tioning indicator]| technology applied in the pro- | ment it is hard to really
ject is custom designed. judge the level of cus-
tomization.
R&D
Part of R&D | [#PDDs mn- A number of PDDs nntioned | Based on the PDDs on
project tioning indicator]| that the CDM project was pre-| it is impossible to really
ceded by a recent R&D project.judge the novelty of the
research that is men-
tioned in the context of
the CDM project.
Adaptive ie- | [#PDDs mn- This indicator i often lterally | Based on the PDDs it
search per- | tioning indicator]| mentioned in PDDs impossible to really
formed judge the novelty of the
adaptive research that is
mentioned in the context
of the CDM project.
Feedback t« | [#PDDs mn- The PDDs and freely availak | -
R&D tioning indicator]| data do not give any informa-
tion about the feedback from
CDM projects and R&D
Spillover
Hardware [#PDDs min- Limited data availability fron | It becomes more fficult
software tioning indicator]| PDDs. It is sometimes men- | when local dealers or
transferred tioned. manufactures are used
First in In- [#PDDs mn- This indicator is mntioned in | The quality of this data |
dia/World tioning indicator] | PDDs. | have got the impres- | good. It often mentioned
/State or In- sion that when a project is the | and there are no specifig
dustry first to use the technology in a| reasons to believe that

specific context that they most
often say so.

these statements would
be incorrect.

Economies of scal

Up scaling of
national in-
dustry

[Market data

This information is not avl-
able from PDDs. Another way
to look at it is by looking at the
market size expansion of do-
mestic producers of technolog

y.

It can be concluded that the indicators are usafdlthat PDDs give information about the indi-
cators. However the PDDs are not required to merttie indicators, thus judging solely on the
basis of PDDs means that some indicators mightcbarang in practise, but are not measured

by studying PDDs.
Data on up scaling of industry is difficult to finld is also difficult to state a causal relatios b
tween an increase in market size and the CDM.

7.1.3 Measuring change in the national innovation system

With respect to the innovation system it has teatecluded that PPDs do not give information
that can be used to unravel this relation and ithcen be concluded that the method is unsuit-

able in determining the impact of CDM on the nadldnnovation system.
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The PDDs are focused on a specific project andalonake reference to the relations between
the project and its institutional context, althoulga innovation system indicators are focused on
the linkages between companies, government, résaact education.

The analysis did however found that PPDs often rmeet! local policy as being insufficient to
render the project feasible, which is at first iegsion unsurprising for the CDM project would
otherwise not pass the additionality test.

The evaluation of measuring change in the natiomadvation system is summarized in Table
7-3

Table 7-3 Evaluating measuring change in the natimmovation system

Indicator Measuremel Data availability Data quality
Policy impi- | [#PDDs mentioning n- | PDDs mention the loci | The quality of the data
cations dicator] and national policy and | fine, but it is just not the

why it is unfavourable | right information.
towards the project pro-
posed under CDM.

Infrastructure| [#PDDs mentioning n- | Insufficient infornation | -

adjustments | dicator] available from PDDs
Corporate [#PDDs mentioningn- | Insufficient infornation | -
responsibility| dicator] available from PDDs
Support cl- | [#PDDs mentioning n- | Insufficient infornation | -
laboration dicator] available from PDDs
Industrial [#PDDs mentioning n- | Insufficient infornation | -
ecology dicator] available from PDDs

In the end the method proved to be unsuitableudysthe impact of CDM on the national inno-
vation system. Different indicators of changeshi@ NIS and different data sources to measure
these indicators will have to be used in futureaesh. Some creativity will be required.

7.1.4 Ways to improve the method for future research

There are a number of limitations to this study:
* The sector analysis was only performed for Ind@ne sectors might do well under
CDM in different countries.
e Only a limited number of PDDs were studied
» PDDs have limitations, they are not required to tioerthe indicators used in this study
and the information written down in the PDDs ifded.

For future research the following directions woh#&linteresting:
* On technology diffusion:
o Perform sector level impact assessments for manatdes to improve our un-
derstanding of the different impacts of CDM on eli#fint sectors.
o Improve our understanding of the factors that deiiee the successful techno-
logical diffusion in different countries and sectdny CDM
o In order to explain diffusion it would be interegjito combine technology dif-
fusion data of all non-Annex | countries with cayntlependent variables (such
as GDP, technology indexes, etc) and use regreas@lysis to find the factors
that influence this relation.
* On technology development
0 Look at different sectors and extend the numbé&t@bs within each sector
o Combine PDD text analysis with field visits andeintiews with stakeholders
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o0 Keep refining the indicators for technology devalgmt. For instance by more
clearly defining the text indicators or by introtchug scales (such as advanced
technology=1 modern technology=2 and commercidirnielogy=3).

* On change of the national innovation system

0 Use interviews with local politicians, policy makeNGOs and industrial rep-
resentatives to improve our understanding of thg @AM influences national
innovation systems. Were stringent policies hindetee to CDM or were suc-
cessful local policies designed to enhance thenpateof CDM?

To improve this method | recommend using field nviwvs with stakeholders to improve the
understanding of the relation between CDM and teldyy development and the innovation
system. The current analysis gives a rough fidication of this relation, but this method is un-
able to get and detailed picture of the subtle imayhich this relation occurs.

| recommend doing empirical studies on the impddc€DM on the innovation system. This
would probably need a radical new creative metsoute this method is ill suited. Such a study
would need to focus on the new linkages that amaéd because of CDM, the way CDM chal-
lenges and stimulates the current dominant regimaetlae perverse incentives that arise due to
CDM.

I recommend striving for an analysis based on aoumdicators of TC, such as changes in the
total production function or the change it the prcitbn possibility frontier. This would how-
ever require improved macro data. A first step \ddug regression analysis between the GHG
development trend in non-Annex | countries corealatto the CER generation trends in non-
Annex | countries.

I recommend carrying out a text analysis of PDDuthoents that only focuses on a smaller
number of indicators of technology development,ifistance starting with “R&D” and “first of

its kind” but then taking a larger sample size asd statistic data analysis. Maybe these indica-
tors can be included within the taxonomy framewtir&t is being developed by Olson et al,
(“new methodology for sustainability assessmenebasn text analysis of the project design
documents submitted for validation”) (2008).

I conclude that the method developed is usableirbperfect. It proved to be impossible to
quantify the impact of CDM on TC. We can'’t say:étimpact of CDM on TC is 0.85". But the
method did help us to structure the analysis ofitfgact of CDM on TC and improve our un-
derstanding and measurement of this relation.

Its weakness is at the same time its strengthh®mme hand it is a rough method that improves
our understanding of the relation between CDM a@dblit only to a limited extent and on the
other hand it is a relatively easy to use methatl does not require extensive resources.

Another interesting way to find out more about tble of CDM in technological change in non-
Annex | countries would be to take a number of hetbgies in a number of different countries
and describe the innovation journeys that theslentdogies have experienced over the years
(see section 5.1.2 Evolutionary socio economilcabties). If this were done in a number of
different non-Annex | countries it might lead tdaresting findings with respect to the way
CDM influences innovation journeys in non-Annexlatries.
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7.2 Discussion of the results

This section discusses the results from the caskestand links the results with theory. It dis-
cusses whether assumed relations between CDM arshdi@ld be confirmed or denied.

7.2.1 CDM's role in technology diffusion

It can be confirmed that technology diffusion oscdue to CDM. However, impact assessment
revealed that there are differences between thadtapof CDM within different sectors (see
Figure 6-2). The exact reasons behind the diffexesd impact do not become apparent from
this study but some hypothesis about possible agfitans can be made.

An important suspected explanations could be ttalahbility of cheap reduction potential in
certain sectors and the lack of cheap abatememniiat in others (Bakker et al., 2007;
McKinsey, 2009).

Another explanation could be that certain sectack good CDM methodologies. This could be
due to the nature of certain sectors. Abatemenoroppities in the residential sector are for in-
stance far more fragmented than large abatemewriymities available in iron and steel plants.
Interestingly under CDM there appear to be an emirey number of small scale projects even
while these projects have a higher burden of thya triansaction costs under CDM (Boyd et al.,
2007; Ellis et al., 2007a).

A third explanation is more evolutionary. It coddd that certain sectors score better because a
non-Annex | country had better locally availableheological capabilities within that sector.
Another similar explanation would be that specHiistorical (colonial) or cultural (language)
linkages between an Annex | country with speciichinological capabilities and a non-Annex |
country increase in CDM projects in a specific sechlso political motivations to favour cer-
tain projects might play a role in the differenndhe spread of projects.

An explanation behind the differentiated impactGidM between countries might be because
some countries have a more stable policy and imedt framework and that these countries are
also appearing to be attracting more CDM projeetiss(et al., 2007a; Ellis et al., 2007b)

7.2.2 CDM's role in technology development and bridging the valley of death

Developing countries are generally seen to lagrakhiith respect to innovation and develop-
ment of technologies. Their industrial focus is afoption of foreign technology instead of
pushing the “global technology frontier” (UNCTADQ@7). According to the World Bank, most
technological development still occurs in OECD does and there are scientists who say that
this is going to stay this way (Cimoli et al., 200Bowever there is also evidence that develop-
ing countries are becoming technology leadersin&ance Brazil (bio fuels), China (coal gasi-
fication and hydrogen produced from coal) and Sditlta (coal to synfuels) (Brewer, 2008).
If the latter is true then technology transfer @ anly about north to south technology transfer
but also about south to south and south to north.

This study found that in the iron and steel sethere were many CDM projects that scored
well on the technology development indicators. @ggson might be that there are many inno-
vative technologies available and that it makesriass sense to acquire the most advanced
technologies when developing CDM projects.

The diffusion of these innovations into non-Annegountries might be stimulated by the fact
that most expansion of the iron and steel prodoctiapacity is taking place in emerging
economies (IEA, 2007b; Worldsteel, 2008) and beeanstalling new technology in novel
plants is often less expensive than retrofittinigtaxg ones.

Another explanation might be that because of the ahd complexity of iron and steel plants a
project would most often be a tailor made projeatyply because there are little non tailor
made projects in the sector.
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To what extent CDM is responsible for the execubrthese project remains difficult to tell.
But taking into account the premises that eacheptag truly additional one could say that the
CDM does play a role in the development of thosggais.

7.2.3 Enhancing CDM’s contribution to technological development

This study confirmed that technological developmzenefits can be part of the sustainable de-
velopment co-benefits of CDM projects. It is handsty that these properties are the sole result
of the CDM. Whether there is a cause and effeetiogl between CDM and the indicators that
were measured. But let's assume that CDM projeletg @ role in technology development.
Would it be possible and useful to enhance the GBBUpport more technology development?

There is a global need for technology finance. &s walculated by the IEA and the UNFCCC
that a considerable amount of learning investmaréseeded for technology development and
diffusion (IEA, 2000; IEA, 2008; UNFCCC, 2009). Beten $2.8 and $7 trillion USD globally
according to the IEA (2008) and up to 1 trillion D needed up to 2030 (of which up to $500
billion USD would be needed in developing couniriscording to the UNFCCC.

Achieving international cooperation to achieve sight finance is difficult and currently ongo-
ing. Ghana’s proposal “on options for effective m@aisms and enhanced means for technol-
ogy development and transfer” includes the ideargait “technology development, deploy-
ment, diffusion and transfer” (UNFCCC, 2008b).

A possible way to support technology developmentlditve by awarding additional credits to
CDM projects with specific technology developmeenéfits. Awarding additional credits to
projects with technology development benefits doasever touch upon the discussion on the
environmental integrity of the CDM for it would awdcarbon credits without immediate CO2
reduction. Technology development would howevehelong term benefit CO2 reduction ini-
tiatives. Also awarding credits through a marketdshinstrument instead of subsidies might be
a more politically acceptable tool to secure firafar technology development.

CDM is currently an environmental policy. Howevbete is discussion about positive effect of
technology policy on the environment (Coninck et 2007b; del Rio Gonzélez, 2009, p870).
Technology policy and environmental policy could dmmplementary and the CDM has the
flexibility to incorporate both.

7.2.4 Why the discussion should be broader than technology transfer

Technology transfer plays an important role in ¢herent debate about international coopera-
tion for climate change mitigation (Coninck et &0Q07b; Schneider et al., 2008). However
technology transfer is only an aspect of technoldmgnge (see section 4.2.2).

If we measure more technology transfer this dogsnroessarily mean that this constitutes a
good development since it also implies that thénetogy is not locally available. This is espe-
cially the case in India, which thanks to its sh&ee, among other features, contains a lot of lo-
cally available technologies. If sufficient localppliers are available, such as in the case of
wind power, CDM might prove a tool to create marfketnon-Annex | companies.

Technology transfer is defined as the diffusiomnoh-domestic technologies. Spillover is an
improved capacity to carry out productive transfations due to activities undertaken in an un-
related sector or geographical region (based orcéifet (1995) and the IPCC (2007)). A spill-
over occurs when a technology that used to be haalgivad eventually leads to the develop-
ment of local capacities in which case the techyploeed not be bought any more. Buying
technology from a different region is probably gdoda country as long as there is a balance
between import and export of technologies and ag &s importing technologies also contrib-
utes to improvement of local capabilities.
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7.2.5 What does it mean for TC that CDM divides the world in two?

In this section | will discuss the implicationsaiding the world into Annex | and non-Annex
l.

The Kyoto protocol stimulated the market for lowhzan technologies. It put a price on carbon
and by creating tight caps, the carbon price résethe price rises more types of abatament
become feasible. As can be seen in Figure 7-1 hehigrice per abated G@q makes an
inceasingly larger range of abatament options evacally feasible.

Gas plant CCS retrofit

Abatement cost Coal CCS retrofit

€ per tCOZe Iron and steel CCS new build
60 Low penetration wind Coal CCS new build
N . . . Cars plug-in hybrid Power plant biomass h
50 1 Residential electronics Degraded forest reforestation Reduced | tcno—ﬂ.lr?ng i
4 || [ Residential aopliances MNuclear agricJItLlljr%ecc;::vuer:giléﬁ
Retrofit residential HVAC Pastureland afforestation High penetration wind
0T Tillage and residue mgmt Degraded land restoration Solar PV
20 Insulation retrofit {residential) 24 generation biofuels — Solar CSP
ol Cars full hybrid Bullding efficiency '
’7 |— Waste recycling ‘H
0\ I

JJ_HL—”:} 0 15 L L 20 ) 25 30 35 38

-10 Organic soil restoration
Geothermal Abatement potential
-20 Grassland management GtCO.e per year
30 Reduced pastureland conversion
Reduced slash and burn agriculture conversion
-40 Small hydro
50 1st generation biofuals
— Rice management
-G0 L Efficiency improvements other industry
H — Electricity from landfill gas
70 = Clinker substitution by fly ash
&0 Cropland nuirient management
- Motor systems efficiency
-90 L Insulation retrofit {commercial)
100 |- Lighting — switch incandescent to LED (residential)

Figure 7-1 McKinsey Global Abatement Cost Curve Kihsey, 2009)

The CDM allows for more economic flexibility betweehe available abatement options of
Annex | and non-Annex | countries. Non-Annex | ctrigs with large low cost abatement
options could lower the burden of Annex | countrgth little low cost abatement potential.

This implies that the CDM leads to an increasehm diffusion of (relatively) low cost abate-
ment technologies in non-Annex | countries at tbst ©f a reduction in the diffusion of (rela-
tively) high cost abatement options in Annex | dpi@s.

CDM thus takes the pressure of the abatement regplity in Annex | countries and might
lower the need to be creative and implement (redht) high cost advanced technologies in An-
nex | countries. This might have a negative infeeeon technology development and innova-
tion of high cost abatement options in Annex | daes(see also (Lund, 2006)).

However it does lead to lower abatement costs whale an influence on the political will to
reduce emission reductions. Probably a lower eomsprice will make it easier for govern-
ments to commit to more stringent emission redad&rgets in coming international rounds of
negotiation.

In an article Barreto (2004) models the effect dfedent emission trading scenarios on the

spillover of learning by doing in a global modek Hssumes global learning, which implies that
learning in Annex | regions (and decreasing investintosts as a result of learning) creates an
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equal spillover to non-Annex | countries. Even iwarld without emission trading, learning in
Annex | countries thus still affects the deploymehtow carbon technologies in non-Annex |
regions.

In his model Barreto finds that without global esnis trading (basically no CDM), GHG lev-
els in non-Annex | countries are reduced below tiaither scenarios (BAU, trading between
Annex | countries, global trading). This is duethie fact that without global emission trading,
Annex | countries have to increase the deploymétdve carbon technologies which positively
affects learning in Annex | regions. The effectdaafrning are spilled to non-Annex | regions
and have a more positive effect than when they evbelincluded in a global emission scheme.
The outcomes of this model depend heavily on thightef different effects: such as the ef-
fects on the size of the Annex | and non-Annex Tlu@arkets under different trading scenarios,
the amount of spillover that really takes placeveein Annex | and non-Annex | regions. Also
this model does not take into account the effeatising CO2 abatement costs of different sce-
narios, which must have an effect on the politigdil to set ambitious emission targets. It does
however give interesting insight into differentdeascenarios. And it helps make us aware that
policy on a global level effects technological cpann both Annex | and non-Annex | coun-
tries.

Another interesting study is one by Gagelmann (2@®mut the impact of CO2 emission trad-
ing within Europe. Gagelmann tries to find out &ffect of emission trading on innovation. His
literature study mainly cast doubts on the supiyia@f emission trading over other policy in-
struments and tells us that although emissionrigadeems to be an effective way to comply
with emission reduction targets, its effects orowation are not clear. Taking a more evolution-
ary perspective, he points out that emission tiadimpeared to be a politically acceptable com-
promise. And in that sense it induced more innovathan when no agreement would have
been reached. Lund (2006) concludes that as at r@sKlyoto’s flexibility mechanisms Den-
mark has decreased its effort to deploy innovate@inologies leading to less innovative activi-
ties within Denmark. Instead Denmark buys credit®ad.

To conclude this section | would like to reminchthhe effect of global emission trading
through CDM on technological change is the sumheféffect in Annex | regions plus that of
non-Annex | regions. Since climate change is a @lgooblem we will eventually have to be
able to maximize the sum of both impacts.

7.2.6 What we can say about the perverse incentive

Stringent environmental policy in principle posebaarier for CDM projects to pass the addi-
tionality test. A number of scientists state tle turrent project based form of CDM creates a
perverse incentive that prevents non-Annex | coesitto adapt stringent environmental policy
(Lohmann, 2006; Sterk et al., 2006; Halsnees e2@08). The perverse incentive could be con-
sidered a serious downside to the CDM; howeverdlitge fails to empirically prove that as-
sumption.

Although Winkler (2004) argues that the perversentive is countered due to a guidance that
was put forward by the CDM executive board at ieventh meeting, current additionality rules
still take current national rules and regulatiotoiaccount (CDM EB, 2009). The guidance put
forward by the executive board appears to reduegthblem but it does not take the sting out
of the perverse incentive.

Within this research | do not give a definite ansaieout whether the perverse incentive occurs
but | do present some findings that might help ustded this phenomena.

Firstly an actor analysis shows that the intereSthe different actors might lead to a number of
dilemmas (see Appendix A Actor analysis).

According the actor analysis both Annex | countaesl non-Annex | countries have an incen-
tive to keep a steady flow of low cost CERSs; eitteetower the costs of their Kyoto commit-
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ment (Annex | countries) or to attract foreign istreent (non-Annex | countries). This however
contradicts stringent regulation in non-Annex | ©woies for that would render CDM projects
non additional. Also individual governments do meaive an incentive to commit to climate
commitments and would prefer to free ride on thevéies of other governments (see also Har-
din (1968) on the tragedy of the commons and gohit

Secondly within the wind sector we found that difin is taking place and that interestingly
the new trend appears to be to use CDM as additeafinance. According to the data a lim-
ited number of wind turbines were installed in 23 which were largely co-financed by
CDM, in 2004-2006 the expansion of wind power iasex more rapidly although little to no
CDM co-finance was used. However from 2007-2008agpn of wind power continues with
co-finance through CDM reaching up to 100% in 208 Figure 6-4). This raises the question
whether co-finance was needed and whether develdmere not learned to use CDM co-
finance in addition to other resources. Anotherlaxgtion might be that national support for
wind power declined (or did not grow appropriatedy) governments learned of the opportuni-
ties of international finance through CDM.

Thirdly in the iron and steel sector it was fouhdttmany PDDs mentioned the fact that local
regulation did not oblige them to use waste enefdys raises the question if CDM prevents
developing countries from putting in place morengfent regulation to stimulate the use of
waste energy.

Fourthly literature suggest that the with respeddCFC-22, CDM creates a perverse incentive
for developing countries to move ahead with thelemgntation of the Montreal protocol (Con-
inck et al., 2007b; Castro et al., 2008).

This research found that many PDDs actually meritian local policy is insufficient to render
projects feasible. It also found interesting resuitthe wind power sector that indicate that cur-
rent wind power projects are all co-financed thto@DM although previous projects were
executed without CDM co-finance.

Two reasons why national governments are to cribegie own environmental policy are that
decentralized policy can be more specific andtailade and that it is important a country goes
through its own development cycle based on a sitrimperative (Kroesen, 2003).

| also propose a new policy idea that creates #@iy®sncentive for non-Annex | governments
to install more stringent environmental policy.ropose to do this by allowing a time lag of five
years between the moment new national (non-Anneolity is put into place and the moment
this policy needs to be considered in the additigphaheck of CDM projects. This time lag
would give non-Annex | companies five years to chmpith local regulation by using co-
finance from CDM.

This removes the negative incentive that prohigisernments of non-Annex | countries to
adopt progressive environmental policy. In returadtually gives governments the means to
stimulate and encourage the diffusion of techn@®ginder CDM. It gives them the possibility
to govern and stimulate the use of CDM within tlogiuntry without being negatively rewarded
for doing so.

7.2.7 Developing methods for design and monitoring of policies on TC

Neij et al. (2006) propose “a framework for the laa#ion of policy instruments designed to ef-

fect development and dissemination of new energlinelogies”. Their method is basically a

statement that it is important to measure outcamdeators, rather than output or input indica-
tors, and do regular monitoring. Possible outcongécators would be the CO2 per capita or the
production function. This method however makespassible to disentangle the contributions
of individual policies.

We learn from this article that it is importantdtart systematic analysis of the effect of policy
on technological change. The research performegh@mmpact of CDM on TC hopes to con-

tribute to the discussion on finding ways to measurd monitor the impact of policy on TC.
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7.2.8 Assessment of technology orientated SD benefits under CDM

In a recent article Olsen and Fenhann (2008) wanlatds a methodology for sustainability as-
sessment based on text analysis of the projecglekicuments. They however do not include
technological aspects since: “it has not been plessd come up with good indicators based on
the information given in the PDDs” (Olsen et aDO8). | hope that the indicators for techno-
logical development that were developed as pathisf research could be included in their
analysis as technology benefits. In particular ¢himglicators that relate to learning, R&D and
spillover. This research did find that these inthcs could be traced in PDDs.
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8. Conclusion and recommendations

In the context of international effort to fight rtate change there is a need for an improved un-
derstanding of the impact of the Clean Developmdethanism (CDM) on technological
change (TC) in developing countries. This repomsaio contribute to filling in this research

gap.

In this research TC is defined as technology diffiustechnology development and change of
the national innovation system. Because this rekear first of its kind it includes a new
method to measure TC. The method includes indisdtar technology diffusion, technology
development and changes in the national innovaystem and uses data from the CDM pipe-
line, national GHG emission data, PDDs and otheel§r available sources. The method was
applied to three Indian case studies: the eletrsgctor, the iron and steel sector and HFC pro-
ducing industries. The method has proven to bailgestudying the effect of CDM on techno-
logical change.

The CDM has a considerable impact on technologiysldn in India, but the impact differs
greatly between sectors. In 2006 India emittedseimated 1,975Mt CO2-eq while technology
diffusion by the CDM mitigated 75 Mt CO2-eq (3.8%¢asured in CERs.

An estimated 11M CERs/yr are mitigated from HFC téng industries which equals about
100% of the sector’'s 2006 production (mainly dudHteC-23 destruction), the 37M CERs/yr
from the electricity sector equal about 7% of thetar's 2006 emissions and the 8M CERs/yr in
the iron and steel sector equal about 6% of theose@006 emissions. However in other sec-
tors such as the transport, residential & commkbksra manure sectors the CDM has had al-
most no impact.

It is found that CDM does not only impact techngl@iffusion but that CDM projects may also
benefit technology development. Within this reskatechnology development is a result of
learning, R&D, spillover and economies of scale.

In the iron and steel sector the assessment irdichat CDM projects impact technology de-
velopment through stimulating a combination of teéag, R&D and spillover. In the electricity

sector it was found that CDM aided the market exmanof domestic wind turbine manufactur-
ers. In the HFC producing industries it was foulnalt tCDM contributed mainly to technology
transfer of HFC-23 destruction technology from E&oln the first two CDM projects using

different HFC mitigation technologies CDM contribdtto a combination of learning, R&D and
spillover.

The method proved to be unsuitable to study theanhpf CDM on the national innovation sys-
tem. Different indicators of changes in the NIS difterent data sources to measure these indi-
cators will have to be used in future research.

Although literature suggests that CDM may creafgeaverse incentive to non-Annex | coun-
tries to take on stringent environmental policyréheemains no empirical research to confirm
this occurrence.

The technology diffusion data from this researclhsdbowever suggests that India used to de-
velop wind turbines without CDM co-finance from 202007, but that by 2008 India had learnt
to use CDM in addition to domestic support in @wind turbine projects.

The main conclusion from this research is that@B# can have a considerable impact on TC
in non-Annex | countries. The impact is primarihetresult of technology diffusion; however
the CDM also appears to positively influence tedbgy development. The impact on the na-
tional innovation system is important but remaititelunderstood.
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Recommendations

About the method and its application in future agsk | recommend a number of improve-
ments. This study is limited in the number of coigstthat were looked at and in the number of
PDDs that were studied. Also the method proveda@suitable to study changes in the na-
tional innovation system.

Therefore future research could apply technoloffysion analysis to a larger number of coun-
tries and increase the effort with respect to logkior explanations in the differences between
sectors and countries.

With respect to measuring technology developmeatdbmmend refining the indicators and ap-
plying them to a larger number of PDDs. Due tolilesed nature of PDDs | also recommend
field visits to get more balanced data. These nreasare needed to increase validity and im-
prove our understanding of the causality betweeMQibojects and technology development.
With respect to the changes in the national innoxadystem | recommend using different indi-
cators and data sources, for instance interviewk stakeholders. The current method is ill
suited and therefore a creative new approach daake

These recommendations aim to move the researchdistep ahead. Where this research set a
first step in measuring TC, follow up research dauacreasingly focus on finding explanations
for the measured differences, using these explamatio build theory and applying theory to
design future policy interventions.

With respect to policy | recommend the membershef UNFCCC to consider the sectors in
which CDM has had little or no impact on technolalffusion. Technology diffusion in these
sectors may be achieved by either consideringreffiie(new) mechanisms apart from CDM or
by improving the effectiveness of the CDM.

| also propose the idea that CDM could be used me&hanism to stimulate the development
and demonstration of innovative new technologiesis Tis in the same line of thought as
Ghana’s proposal “on options for effective mechamsi@nd enhanced means for technology de-
velopment and transfer” which includes the ideacrtedit “technology development, deploy-
ment, diffusion and transfer”.

This could be done by awarding additional creditsCDM projects with specific technology
development benefits. Awarding credits through aketabased instrument could be a politi-
cally acceptable tool to secure part of the langewnt of finance that is needed for low carbon
technology development.

The CDM executive board could manage a list of ne@tgies that are in need of development
and demonstration assistance and changes toghisolild be proposed by governments, civil
society, industry representatives and the sciercdmmunity.

| also propose a new policy idea that creates #@iy®sncentive for non-Annex | governments
to install more stringent environmental policy.ropose to do this by allowing a time lag of five
years between the moment new national (non-Anngxligies are put in place and the moment
this policy needs to be considered in the additigphaheck of CDM projects. This time lag
would give non-Annex | companies five years to chmpith local regulation by using co-
finance from CDM.

This removes the negative incentive that prohigidsernments of non-Annex | countries to
adopt progressive environmental policy. In returadtually gives governments the means to
stimulate and encourage the diffusion of techn@®ginder CDM. It gives them the possibility
to govern and stimulate the use of CDM within tlogiuntry without being negatively rewarded
for doing so.
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9. Reflection

In this chapter | reflect upon the strong and weaikts of this research. | will ask myself what
the relevance of my work has been to society inegdnand more specifically the scientific
community. By answering these questions | will alyao explore what the consequences have
been of choices that | have made at the stariofésearch.

Strong points:

* A strong point of this research is that it contatesmclusions based on empirical data that
improve our understanding of the impact of CDM d@. The latter is important because
there is a global need for TC especially in thetexinof fighting climate change. Improving
the speed of TC could greatly reduce the costsibfjating climate change. Studying the
impact of CDM on TC is important because the CDM geown to become a very large
global policy. The CDM contains over 45000 projetNEP/Risg, 2009) and is expected
to generate over $45 billion in LCT investments @ICC, 2009).

* The results of this study allow policy makers itgigito the effect of CDM on TC. With
respect to technology diffusion this study showeat some sectors are not influenced by
CDM and thus policy makers might consider alten@astrategies to effect these sectors.
This study has also shown that CDM can contribatéethnology development. This in-
sight will be useful for policy makers that haveptan technology development policies.

» This study has been relevant for science becaussdfist of its kind and includes a new
method to measure the impact of CDM on TC. In cowation with the preliminary expla-
nations behind the results that were measureckicdle studies this research could serve as
step to move the research field ahead. The neptvsbelld be more detailed research into
specific aspects of TC that could increasingly o finding explanations for the meas-
ured differences, using these explanations to lhadry and applying theory to design fu-
ture policy interventions.

Weak points

» Because this research defined TC very broad (téapydiffusion, technology develop-
ment and change in the NIS) this study has not be&nto go into much detail. It was also
limited in the number of cases and PDDs studiethdfchoice would have been made to
study a single element of TC, this might have lednbre specific data, improved insight
into the causalities, more detailed explanatiors more specific policy recommendations
about this single aspect of TC.

* The data sources used for this study have beenteprgown. Because of limited recourses
it became all desk studies. This study did notathe people that are influenced by CDM
in developing countries and just ask them how th@yk CDM influences TC in their coun-
try. The latter might have resulted into very iesting and different kind of results.

* Firms are an important storage of knowledge ankdngogical development. A weak point
is that this research did not study into detaitmat extent CDM led to improved techno-
logical capabilities on a firm level.

» This study did not compare the impact of CDM on With any alternatives, such as other
market based instruments, CO2 taxes or command@mtdol strategies. Such as compari-
son might have been done by using theoretical ianow and diffusion models. Therefore
the results of this study tell us little that coldd used in the discussion of ranking CDM
relative to other instruments with respect to timjpact on TC.

| conclude my reflection by saying that | believattthis study and its results are relevant for
society and science. | however also acknowledgewtbee limitations to this research, most no-
tably due to choice to take a broad definition &f. A more specific focus on a single aspect of
TC might have made it possible to take more measemées and explain a single specific rela-
tion into more detail.

I hope that others will find the conclusions instileg and useful and that this research proves a
useful starting point for interesting future resbar
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“Would you tell me, please, which way | ought to go from here?”

“That depends a good deal on where you want to get to”, said the Cat.

“l don't much care where—" said Alice.

“Then it doesn't matter which way you go,” said the Cat.

“— so long as | get somewhere,” Alice added as an explanation.

“Oh, you're sure to do that,” said the Cat, “if only you walk long enough.”

Lewis Carroll, Alice's Adventures in Wonderland
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Appendix A Actor analysis

In this Appendix | will deal with human side of thelations within CDM mechanism. The ac-
tors and their behaviour do in fact prove intergginsight into the functioning of the CDM. |
conducted an actor analysis which | will preserthis appendix.

From the analysis three dilemmas can be distiBslween Annex | and non-Annex | govern-
ments, between firms that receive and firms thaplutechnology and between governments
and multilateral institutions.

Dilemma 1: Between governments and UNFCCC

Governments have committed under the Kyoto protaxoéduce their emissions. However the
goals of the UNFCCC to achieve these targets mterivith the dilemmas each government
faces in their own country. There is an incentige dovernments to defect from agreements
made under the Kyoto protocol and free ride onetifierts of other governments. The goals of
the principle (UNFCCC) and its agents (nationalegoments) do not align exactly.

Dilemma 2: Between Annex | and non-Annex | countrig

The interests of Annex | countries lie with theihabitants. These governments will seek ways
to (within the limits of the law and taking intoawnt the crime vs. punishment trade off) lower
the costs of emission abatement and strengthemldicai economy. Governments try to become
technological leaders (competitive regions), cres® jobs and use non-Annex | countries as
markets to diffuse their low carbon technologies.

The interest of non-Annex | countries lie with thiehabitants. Economic progress and a lift out
of poverty are the main goals. Instead of beingaaket for the diffusion of technology from
Annex | countries, non-Annex | want to develop thevn industries and find markets for their
own products and capabilities.

Both Annex | countries and non-Annex | countrievéhan incentive to increase the flow of
cheap emission credits, either to keep the prichaif Kyoto commitments low (Annex I) or to
draw foreign investments (non-Annex I).

Dilemma 3: Between technology supplying firms andechnology receiving firms

The major dilemma that becomes clear is that tisetiee opposing view between firms. Firms
that have acquired technology (both tangible anit)tdo not have any incentive to transfer ad-
vanced capabilities to competitors. They are isteekin acquiring new markets to export their
technology and skills, but there is no incentivestiengthen the capabilities of their competi-
tors.
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The steps that are taken in the Actor analysis

1. Overview of all actors is given

=Split up between public, semi-public, private and rest

2. Short disciption of all the actors is given

sIncludes a short introduction and important problem perceptions,
intererests and goals.

3. Based on the resourses of each actor, itis defined
whether the actor is critical or not.

4. The analysis is completed with a model that
positions the actors based on their perceptions,
criticality and involvement. Conlusions are drawn.

List of actors

Public Sem-public Private Unorganizec
e UNFCCC e |PCC e Technology suppli- ¢ Local stakeholders
e EB e Environmental ers
¢ Annex | Govern- pressure groups * Technology receiv-
ment ers
¢ Non Annex | Gov- e Project Developer
ernment
* DNA
e DOE
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Description of each actor

Actor
Annex | governmei

DNA

DOE

EB

Environmental Pis-

sure groups

IPCC

Local Stakeholde

ECN-E--09-000

Descriptior: Annex | Governments are governments that sigmex
Kyoto protocol and committed to GHG reduction byame of a cap.
These include all OECD countries minus the USA.

Problem perception Reducing CO2 emissions is costly. Reducing
GHG’s by applying technologies in developing coigstlis cheaper than
in in-house reduction.

Interests Increase the wellbeing of inhabitants.

Goal: Achieve GHG emissions reduction targets for |dwesssible
price.

Descriptior: Designated National Authority. on-Annex | DNA’s are
responsible for determining whether a project maktsustainability cri-
teria.

Problem perceptionattract more CDM projects

Interests National interests

Goals Development of CDM projects

Descriptior: Accredited company resnsible for theValidation, Verii-
cation and Certification of projects.

Problem perceptionSince the DOE is hired by the project developer,
objecting to projects might lower the chances BfGE to receive future
projects.

Interests Continuity and profit

Goals Getting more projects

Descriptior: The EB oversees the execution of the CDM mecha
Problem perceptionThe pressure to supply cheap credits puts pressur
on the integrity of the CDM.

Interests Maintain the integrity of the CDM.

Goals Making the CDM a success

Descriptior: Environmental pressure grou

Problem perceptionThe current form of CDM undoes the responsibility
of Annex | countries to achieve GHG reduction anésinot lead to a
reduction of GHG.

Interests Maintain local support of their donors

Goals Achieving a clean environment

Descriptior: International Panel created by the World Metengmal
Organization and the UN.

Problem perceptionNeeds to maintain objective with respect to polic
making.

Interests Maintain scientific credibility

Goals Give an objective overview of the most recenestific status of
research related to climate change.

Descriptior: Inhabitants of nc-Annex | countrie
Problem perceptionLack of good jobs
Interests Prosperity

Goals Increase income
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Non Annex | gw-
ernment

Project Developt

Technology recw-
ing firms

Technology suply-
ing firms

UNFCCC

100

Descriptior: Nor-Annex | governments are governments that signe:
Kyoto protocol but did not committed to GHG redoatiby means of a
cap. Most of these countries are considered dewgamuntries. How-
ever there is a large difference between non-Arneountries such as
Bangladesh and non-Annex | countries such as Sargap Malaysia.
Problem perception(sustainable) Economic development is needed to
lift country out of poverty (increase prosperit@urrent climate problem
should not dampen their economic development.

Interests Increase the wellbeing of inhabitants.

Goals Attract foreign investment.

Descriptior: Project developers that aclly seek projects to develc
and finally sell the CER’s to Annex | parties.

Problem perceptionHigh transaction costs due to complicated CDM
procedures slow down project development activities

Interests Continuity and profit

Goals Successful project certification and issuanc€BR’s

Descriptior: Nor-Annex | companie

Problem perceptionCurrent CDM practice transfers insufficient tech-
nology and tacit knowledge

Interests Profitability and continuity of their firm

Goals Increase their technological capabilities. Becomare techno-
logical advanced.

Descriptior: Both Annex | and Nc-Annex | companies that have acc

to technology that is allegeable to CDM projectfine.

Problem perceptionTransferring their knowledge harms their compgti-
tive position

Interests Profitability and continuity of their firm

Goals Use CDM to find new export markets

Descriptior: The UNFCC is part of the UN and aims to stabilizdG
emissions to prevent dangerous anthropogenic areite with the cli
mate system” (article 2 of UNFCCC).

Problem perceptioninsufficient GHG reduction

Interests A solution to solve global climate change thatesuthe globall
community taking into account the “common but diffietiated respon-
sibilities”.

Goals Reduce Greenhouse Gas emissions
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Actor

Criticality

Means

| Substitutability

Dependability

Critical

Authorizatior | Mediur | High | No
|

Authorizatior  |low  |High [ No

IPCC Knowledge low  jlow  No

ment

firms

Non Annex | govein-

UNFCCC

Political

Organizationg

Political, Authoi-
zation

High

High

Yes

Yes

No

Technology receiving

Substitutability : Could this actor be replaced by another ac

Is this actor critical to the success of the pr&

Authorization : The authorization power to either all or disallow the projeci

These parties are able to supply knowledge abeutéybon technologi
|

Perception : Parties whom are capable of changing public peimetbout the project, either ia-
vor or opposing the project.

ECN-E--09-000
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—

Overview

Matching per-
ceptions, inter-
ests and goals.

Involved Not Involved
Critical acto Non critical acta Critical acto Non critical acta
* Non Annex | gov- * DNA
ernment e DOE
e Technologyreceiv- | = EB
ing firms e Environmental

Pressure groups
IPCC

Local Stakeholders
Project Developer
UNFCCC

Contradicting
perceptions,
interests  and
goals.

* Annex | govern-
ment

e Technology sup-
plying firms
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Appendix B Multi Level perspective on transitions

Increasing structuration
of activities in local practices
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Figure 9-1, multi level perspective on transiti¢@eels et al., 2007c)
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Appendix C Impact assessment on Latin America

Note: The data of each country are based on thatiohbl Communications towards the
UNFCCC plus the CDM pipeline database. National @omications are often based on the
emission levels of 1994. In some cases countrigss@ns have risen by at least 50% since.
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Appendix D

Literature on technology transfer under CDM

Article

Conclusion

(Hansen, 200

-Transferor companies have limited incentive to $fanmore thai
the basic needed operation and maintenance cagsbdoncerning
valuable technology knowhow.
-Transfer of technological capabilities appearsincrease with a
more strengthened bind between the transferringthadeceiving
company.

(Dechezleprétr
et al., 2008)

-Project oftertransfer both equipment and knowledge and opera
skills.

-Much TT: End-of-pipe destruction projects (HFC, £Hnd N20)
within the chemical, agricultural and waste managensector and
within the wind power sector.

-Mainly local T: biomass, energy efficiency.

-Mexican and Chinese projects are more frequeatttact TT
-Europe is the main TT provider

-More TT when project developer is subsidiary afcempany from
an annex | country.

-More TT with large projects

-Capacity building is advised for the energy anemital sector

(Seres, 200

-TT more common for large prcts

-TT more common if foreign participants are incldde
-India has lower TT that other countries

-Countries can influence TT through tariff struesiand SD criteria
used by DNA

(Youngman e
al., 2007)

-In case of TT most technology (80%) comes from EL

-The investment value of these projects is €390ianil(83%) of a
total of €470 million (projects as of November 2R07

-This mainly consists of high capital project irettvind and hydrg
sectors.

-CDM does not change project economics; it doesorgthe IRR,
which makes it easier to attract financiers.

(Coninck et al.
2007a)

-TT in almost 50% of the cas

-More TT within non-CO2 reducing projects and witican with
other renewable projects

-Notices a trend in the development of high-tectustries in emergr
ing economies.

-Confirms the need for capacity building

-Foreign technology: non-CO2 GHG reduction, windl aome hy-
dropower.

-Local technology: bio-energy, thermal efficienepme hydropowef
and landfill gas projects.

-Europe benefits mostly from the technology inwestts

(Haites, Duan &
Seres, 2006)

-1/3 of projects claim T

-High share of TT: agriculture, landfill gas, so#ard wind

-High share of local T: Fossil fuel switch, hydnojects

-TT more common when foreign partners are involved.
-Equipment transfer is more common in large prsject

-Host countries can influence TT through tariffsldheir project ap-
proval criteria.

-GDP does not seem to influence TT

ECN-E--09-000
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Appendix E  Country Impact assessment: India

This appendix includes additional data relatediguife 6-2.

B GHG emissions (2005)[MtonC02-2q.] W MCER's [ year

5539

295

223
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Categor

Descriptior

Electricity

Industry & Hea

Iron & Stee

Cement & Glas

Paper & Pul
Transpor

Residential &
Commercial
LULUCF
Agriculture

Manure
Wast

Biomass Burnt fo
Energy
Coal productio

Oil and ndural gas
related

CO2 emissions from fuel combustion (IEA, 2008).

Using an average CO2 emission rating of 0.8 (CEQ,72 the heat pro-
duced is calculated, subtracted and added to thestry and Heat sector.
CO2 emissions from fuel combustion (IEA (2008)).

Using an average CO2 emission rating of 0.8 (CEQ,72 the heat pro-
duced is calculated, subtracted from the elegyr@ategory and added to
the Industry and Heat sector.

CO2 emissions from industrial processes are adusk( on an extrapola-
tion of the Gol (2004) data).

CO2 emissions from fuel combustion (IEA (2008))

CO2 emissions from industrial processes are adusk@ on an extrapola-
tion of the Gol (2004) data).

CO2 emissions from fuel combustion (IEA (2008))

CO2 emissions from industrial processes are adusk@ on an extrapola-
tion of the Gol (2004) data).

CO2 emissions from fuel combustion (IEA (2008))

CO2 emissions from fuel combustion (IEA (2008))

CO2 emissions from fuel combustion (IEA (2008))

CO2 emissions from industrial processes (Gol ,2004)

CH4 emissions in CO2-eq. (table 4, data 2005, PadHiation + Agricul-
ture crop residue burning (Garg, 2006))

CH4 emissions in CO2-eqg. (table 4, data 2005, Mamanagement + En-
teric fermentation (Garg, 2006))

CH4 emissions in CO2-eq. (table 4, data 2005, Waater disposal +
MSW disposal (Garg, 2006))

CH4 emissions in CO2-eq. (table 4, data 2005, Bgsnaurnt for energy
(Garg, 2006))

CH4 emissions in CO2-eq. (table 4, data 2005, @aaduction (Garg,
2006))

CH4 emissions in CO2-eq. (table 4, data 2005, @l ldatural Gas Related
(Garg, 2006))

N2C * N20O emissions in CO2-eq. (table 5, data 2005, {Gafg, 2006))

HFC * HFC emissions in CO2-eq. (table 7, data 2005, HBQ&arg, 2006))
PFC * PFC emissions in CO2-eq. (table6, data 2005, (Gatg, 2006))

Othel * CO2 emissions from fuel combustion (IEA (2008))
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case electricity sector, wind graphs
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Appendix F Diffusion analysis

asEqeEp auladid
MO0 By Wy E)s

PRI, WNJ0D A4 UD pasE]

asoop

[2¢] Aizedes pajjeisul Appead 1o 5 B sB NOD
[=2] 12101 BAlR NWWA? 10 2Feluanad 2 58 |NOD
W] a2 J2pun Aydeded paj|e1sul SAIEN|WWNY

[A/mum] wad s=2pun Ayades pajje3su|
[nam] Aaizedes pajeisul asaenwwWng
[Afpaw] Aizedes pajelsu)

dyd elpul-g-yaaysee p-fiqunoapau ssmodpuim sy meegdimy
BELLT

109

ECN-E--09-000



case electricity sector, wind data
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Appendix |  National presence of selected companies

The following data is a result of a semantic seaisihg google.

Search querry that was used: site:cdm.unfccc.int/User t/Fil ge +china +vestas
China India Brazil Mexico  Total China India Brazil Mexico

Number of wind projects 235 216 7 11 1. Vestas | 117 120 a 1
1. Vestas (Denmark) 117 120 i3 1 242 2. GEEner 3 4 3 1
2. GE Energy (United States) 3 1} 0 0 3 3. Gamesz 136 20 3 33
("general electric") 27 29 B 3 65 4, Enercor 3 316 9 0
("general electric” +wind) 8 4 3 1 16 5. Suzlon | 17 355 o 0
3. Gamesa (Spain) 136 20 3 33 192 6. Siemen 30 36 19 6
4. Enercon (Germany) 3 316 9 0 328 7. Acciona 9 3 1 2
5. Suzlon (India) 17 355 o o arn 8. Goldwir 132 7 1} 0
6. Siemens (Germany) 38 124 67 10 239 9. Nordex 55 3 2 2
(+wind) 30 36 19 ] 91 10. Sinove 38 1 1 0
7. Acciona (Spain) 9 3 1 2 15
8. Goldwind (China - PRC) 132 7 [} 0 139 Top 3 India China
9. Nordex (Germany) 55 3 2 2 62 Suzlon  Gamesa
10. Sinovel (China - PRC) 38 1 1 i} 40 Enercon Goldwind
total 545 865 42 45 Vestas  Vestas

Top 10 wind turbine manufacturers (Source: BTM Consult ApS - March 2008) (source:http://en.wikipedia.org/wiki/List_of_wind_turbine_manufacturers)

Companies active in China [linquistic Companies active in India
analysis] [linquistic analysis]

W1 Vestas (Denmark)
W1 Vestas (Denmark)
M 2. GE Energy (United
States) M ?_GFE Energy (United
W 3.Gamesa (Spain) States)
W3 Gamesa (Spain)
W 4_Enercon (Germany)
M 4.Enercon (Germany)
W5 5uzlon (India)
® 5.5uzlon {India)
M 6.5iemens (Germany)
6. Siemens (Germany)
W 7_Acciona (Spain)
W 7.Acciona (Spain)
m &. Goldwind (China - PRC)

W & Goldwind (China -
PRC)

9. Nordex (Germany)
9_Mordex (Germany)

10.Sinovel (China - PRC)

Companies active in Brazil [linquistic Companies active in Mexico
analysis] [linquisticanalysis]

W1 Vestas (Denmark)
m 1. Vestas (Denmark)
M 2.GE Energy (United
States) M 2.GE Energy [United
W 3.Gamesa (Spain) States)
W 3. Gamesa (Spain)
®4_Enercon (Germany)
M 4.Enercon (Germany)
W5 Suzlon (India)
m5_5uzlon (India)
M6 Siemens (Germany)
B 6. Siemens (Germany)
W 7.Acciona (Spain)
7. Acciona (Spain)
m 8.Goldwind (China - PRC)

M 8. Goldwind (China -
9_MNordex [Germany) PRC)
9_Mordex (Germany)

™ 10.Sinovel (China - PRC)
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Appendix J List of PDDs studied and their references

CDM.ID. (UNEP/Risg,

Type
2008)

Wind 1 CDM.ID.1700
Wind2 CDM.ID.0120
Wind3 CDM.ID.0658
Wind4 CDM.ID.1333
Wind5 CDM.ID.0451
Wind 6 CDM.ID.1362
Hydrol CDM.ID.0594
Hydro2 CDM.ID.3206
EE1 CDM.ID.2035
EE2 CDM.ID.2592
EE3 CDM.ID.0400
Biomass1 CDM.ID.0117
Biomass 2 CDM.ID.0010
Biomass 3 CDM.ID.0668
1&S CDM.ID.0222
1&S CDM.ID.0269
1&S CDM.ID.0387
1&S CDM.ID.3755
1&S CDM.ID.3917
1&S CDM.ID.3914
1&S CDM.ID.3260
HFC CDM.ID.0001
HFC CDM.ID.0134
HFC CDM.ID.0484
HFC CDM.ID.0897
HFC CDM.ID.2705
HFC CDM.ID.3884
HFC CDM.ID.4079
ECN-E--09-000

Title

6.75 MW Small Scale Grid Connected “Wind Electricity Generation Project” by Tamil Nadu
Newsprint and Papers Limited.
Bundled Wind power project in Jaisalmer (Rajasthan in India) managed by Enercon (India) Ltd.

5 MW Wind Power Project of Alembic Ltd., at Vadodara

75 MW wind power project in Maharashtra by Essel Mining industries Limited

Project 0471: 56.25 MW bundled wind energy project in Tirunelveli and Coimbatore districts
in Tamilnadu, India.

Project 0991: Bundled Wind power project in Tamilnadu, India co-ordinated by the TamilNadu
Spinning Mills Association (TASMA)

24 MW Chayadevi Mini Hydro Power Project in Karnataka, India

“100MW Malana — 11, Hydro — Electric Power Project (Malana — Il HEP)” at Kullu district of
Himachal Pradesh State, India, by M/s Everest Power Private Limited

Energy efficiency and fuel switch project at Welspun India Limited

Project 1905: Generation of power from process waste heat at Hi-Tech Carbon, Tamil Nadu

Project 0340: Reduction in steam consumption in stripper reboilers through process
modifications

Project 0109: 24 MW Biomass Based Renewable Electricity Generation & Consumption in
Ropar, Punjab, India

Project 0111: 18 MW Biomass Power Project in Tamilnaduy, India

Project 0399: 3 MW Poultry Litter Based Power Generation Project, Hyderabad

Electricity generation at 8 MW captive power plant using enthalpy of flue gases from blast
furnace operations of Kalyani Steels Limited, in Karnataka state of India.

Use of waste gas use for electricity generation at JSW Energy Limited

Generation of Electricity through combustion of waste gases from Blast furnace and Corex
unitsat JSW Steel Limited (in JPL unit 1), at Torangallu in Karnataka, India

Electricity generation from BF gas at Hiriyur, Karnataka

Waste heat utilization for charge pre-heating in a sponge iron manufacturing facility of
HKMPL, India

Power generation by utilizing Blast Furnace Gasat Mukand Limited, Ginigera, Karnataka

Waste heat recovery based power plant

GHG emission reduction by thermal oxidation of HFC 23 in Gujarat

GHG emission reduction by thermal oxidation of HFC 23 at refrigerant (HCFC-22)
manufacturing facility of SRF Ltd

Destruction of HFC-23 at refrigerant (HCFC-22) manufacturing facility of Chemplast Sanmar Ltd

GHG emission reduction by thermal oxidation of HFC 23 at Navin Fluorine International
Limited (NFIL), Surat, Gujarat, India.

GHG emission reduction by thermal oxidation of HFC 23 at refrigerant (HCFC-22)
manufacturing facility of HFL Ltd.

Avoidance of HFC-134a emissions in rigid Poly Urethane Foam (PUF) manufacturing by Acme
Tele Power Limited (ATPL)

Avoidance of GHG emissionsin rigid Poly Urethane Foam (PUF) manufacturing by LIL
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