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Preface

When | first heard of the vacancy for a researtbrivship on an energy-related topic at the office
of science and technology (TWA) at the Royal Nd#drm&ts Embassy in Tokyo, | had already
started work on a research proposal in a veryriffieschool of thought; the effects of culture on
management qualities. Though the field of crossdcal management is dear to me, once | heard
of this opportunity | decided to take this ‘onceanlifetime’ opportunity and switch my final
topic and apply to the TWA. In this | was fortundatebe acquainted with professors such as
Robert Verburg and Roland Ortt, who were willingam me in finding the perfect research
subject even when this lay outside of their owreagsh area.

After a veritable quest of the faculty, speakingatanyriad of grad-students and professors, |
slowly made my way to the section Technology Dyr@mand Sustainable Development
(TDSD). Here | was quickly directed to the officelr. Ir. Karel Mulder who introduced me to
the world of Innovation Systems. | immediately felllove with the ideas behind this framework
and set about to write a research proposal fol¥Wé which was thankfully accepted.

Now after four months of research in Japan, folldwg several more months of research in the
Netherlands | am glad to be able to present yoh wasults of my analysis. And | wish you a
pleasant reading experience.

A large number of people were involved, in somepshar form, in the creation of this report
who | would like to take the time to thank in tipieface.

First, | would like to thank all my respondents faking time out of their busy schedule to meet
me and help me complete this research. Among tkpseial thanks goes out to Katsumi
Kushiya, Deputy General Manager of Showa Shellafbhis kind advice, brining me in contact
with other respondents, and his endless patience.

Secondly, my external supervisor Rob Stroeks andoligagues Mihoko Ishii, Thomas Bleeker,
Kikuo Hayakawa, Daan Archer and Michiel de Lijstérthe Office of Science and Technology
of the Royal Netherlands Embassy, for making mé de&aome and helping me with whatever
small or large problem | was faced with during rtaysn Japan.

| would also like to thank my main supervisor Lindamp, for all her assistance and feedback
despite her busy schedule, Otto Bernsen and JobsSkee their insight into PV in general, and
the Netherlands in particular, and Dr. Simona Nédgrallowing me to use her research results.
Lastly | would like to thank my family and friendisr their continued support and patience.
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Abstract

The Netherlands is currently in the process ofvateting its energy structure. The Dutch
government has set up the ‘Task Force Energy-transito establish a plan of action for the
development of sustainable energy in the Netheslandne of the technologies under
investigation is photovoltaic energy (PV), also ¥moas solar cell technology, which is expected
to contribute to the Dutch energy system in theryeshead. Japan is a frontrunner in the
development and implementation of renewable en¢egiinologies. One of the areas where
Japan is highly proficient is in the field of P\thmologies, where Japan until recently was the
global leader in solar cell shipment and totalatistl capacity. As such it will be interesting to
discover the promoting and limiting factors for tthevelopment and diffusion of PV in Japan,
and see what can be learned for the Dutch case.

The goal of this research is therefore to discdher promoting and limiting factors for the
development and diffusion of PV in Japan. This gsial was made by investigating the
organization of, and processes within, severalilega Technology Specific Innovation Systems
(TSIS). We investigated how these Japanese PV T&¢S performing by evaluating the
functioning of 7 functions or processes within eaufovation system. After this we determined
the existence of virtuous and vicious cycles. Theme be compared to feedback loops which
either speed up (virtuous cycle) or reduce (vicioyde) the development and/or diffusion of the
technology. After the analysis of Japan a comparisas made between the situation in the
Netherlands and Japan. Based on the theory anddhrepromoting and limiting factors in both
countries, three recommendations were given tditeh government how they could improve
the functioning of their PV Innovation System.

Seven solar cell technologies were chosen in col&lon with SenterNovem to be investigated.
One of these technologies, Solar Grade Siliconygaoo limited in Japan, and too separate
from the other technologies, to be investigatety futventually the following six technologies
were chosen to be investigated: crystalline silisotar cells (c-Si), thin-film silicon solar cells
(tf-Si), stacked silicon solar cells, Cadmium-Ingidi-Selenide/di-Sulfide (CIS) solar cells, dye-
sensitized solar cells (DSC) and polymer solarscell

In the analysis of the innovation system we madkstanction between cycles which influence
the development, and those that influenced theisldh of the technology. The development of
PV in Japan went very well and a virtuous cycle i@snd based on ‘expectations’. The
performed research increases expectations of thendéogy's capabilities to fulfill the
government’s reduction targets, which have alssmbjg®ven (in part) in the large domestic
market. As such the technology has gained a celggitimization within the government as a
valid option to attain the desired targets.

The diffusion of PV in Japan went very well durithgg period 1993-2005. A virtuous cycle was
found, with the lobby activities of the PV branciganization reportedly facilitating, and
promoting the continuation, of market support medtras by the government. The growing
market in turn attracted new entrepreneurs whigpsried the lobby activities.

However since 2005 the amount of PV that is insthih Japan each year has decreased. We
have identified multiple possible causes for tltigagion and it is possible the market is suffering
a temporary dip. Nevertheless there is clear istdrem the industry and government institutions
for further market support, which is necessary g¢ach, amongst others, the greenhouse gas
reduction targets. Strangely, in our analysis ef ¢situation we identified a vicious cycle where
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the seemingly unwillingness of manufacturers tdoipobnd lack of a specific government market
policy appear to play an important part.

When looking at the different technologies we fouseleral cycles for the different PV
technologies. TheCrystalline silicon solar cellsSTSIS suffers greatly from the current silicon
shortage. Combined with insufficient attention cdinafacturers to obtain a sufficient supply this
has led to decreased interest from entrepreneutiisntype of cell, which has resulted in a
vicious diffusion cycle. However research into gmmdduction of c-Si is still continuing. The
technology’s main promoting factors are its provelability and performance which will ensure
them a large market share for quite some years.

In contrast to c-Si solar cellhin-film silicon solar cellsare profiting greatly from the current
silicon shortage. The overlap in technologicaldiglith TFT is pushing development forwards
and makes it easier for companies to enter thd.flebmbined, these two factors are the main
factors promoting the tf-Si TSIS. The main limitifegctor for PV diffusion is the competition on
the domestic market. This makes it more difficolt hew companies to enter and the only new
entrant, Fuji Electric Systems, is focusing on #pe@pplications for which thin-film silicon
solar cells are currently especially well-suited.

Stacked silicon solar cellre only just entering the market but are expetdquay an important
future role with an increasing market share du¢h@r potentially high efficiency. A virtuous
research and development (R&D) cycle was found.sihar cells are now entering the market in
specialized applications (high efficiency, low wetly The use of the solar cells in the market
combined with the research that is performed shbegotential of the solar cells. Though they
are currently in a niche market confidence is gngathat they will play an important part in the
future, and they are expected to have large shhrtheo market. One of the main factors
promoting entrepreneurs to use this technologyas$ they are based on fundamental thin-film
silicon technologies but have higher efficiencedwing for fairly easy access to the technology
while being better able to compete with the incuntlweSi in the long run.

A vicious R&D circle was found fo€lS, where the problems with knowledge diffusion amestn
likely preventing increased interest in the tecbgygl CIS is potentially very appealing to
entrepreneurs due to its high fabrication cost-cédn prospects, high efficiency and the fact that
no silicon is required. However interest in ClSnfre@ntrepreneurs and research institutes is
noticeably lacking, most likely due to the high tsoassociated with researching the technology,
the very different background from the silicon amdjanic PV technologies and the Indium
shortage. The small and scattered research comynha# led to problems with knowledge
diffusion. There are no formalized exchange methdts research groups are small and
scattered, research is separated and the few caespan the industry do not collaborate.
However there are some good prospects as the gpwdarch groups are expected to be
combined into larger groups which should facilitet®wledge development and diffusion.
Dye-sensitized solar celle not on the market yet however interest in type of solar cell is
very high as they are based on a new technologjielal (chemistry), and it is easy to start
research and production as no expensive machisemyquired. The main problems facing the
many small DSC entrepreneurs are financial diffiesl The perception of the technology is
varied, as it is expected market. It is not yetyemr power-applications though it will be used in
consumer products soon.

Polymer solar cellsare still in a very early stage of development. Thain factor which
promotes development of the technology is its @apewith DSC research field which promotes
knowledge exchange and diffusion. Research intoep@pplications, which will take a fair
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amount of time to realize, is promoted throughRMe2030 Roadmap.

When comparing the functioning of the Dutch andad&se innovation systems we see both
differences and similaritie)&D of PV in both countries is going strong and we oaserve
virtuous cycles in both countries. Knowledge depaient and diffusion activities in both
countries are going strong and are supported bygthernment through research subsidies.
However in the Netherlands learning by using dasstake place in the domestic market which
means products and procedures are not adapte@ utch institutional system. This problem
does not exist in Japan as PV has a large markettten Field-Test projects which provide
sufficient learning by using opportunities for tthemestic market.

Where both countries are currently experiencindjadilties is in thediffusion of PV. However
the starting position of the two nations differieTNetherlands had some market growth in the
past but at the moment has no market to speakhef.Japanese have one of the largest markets
in the world but this market is stagnating.

In both countries the market shows a lot of pot#ntind past experiences with market subsidy
schemes have proven home-owners are interestedm@hedifference between the Dutch and
Japanese market subsidy schemes lies in theirstensy. Japan’s main subsidy scheme (the
Residential Dissemination Programme) continuedteniapted for 12 years. During this time the
Netherlands had several subsidy schemes with \quywrals, lengths and set-ups, and some of
these schemes were ended fairly abrufbth the varying subsidy schemes and the unexpected
subsidy stops have negative effects on the Dutchnivket as it creates uncertainty with
investors, customers and producers.

Both governments also lack a clear vision of tharimarket of PV on which they might base a
new subsidy scheme. However Japan is slightly ahre#ds area compared to the Netherlands.
Japan has a well-known national energy strateggtwaiready includes solar cell research, while
the ideas and intentions of the Dutch governmegénading the future of the energy supply are
fairly unclear.

Based on our analysis we make three recommenddtdhs Dutch government:

1. Maintain a market subsidy scheme for a prolongetgef time, with a steady budget and
fixed set-up.

2. Initiate a set of projects similar to the JapanR&DO (Field Test) projects to allow for
adequate market involvement and operational feddbac

3. Settle on a vision for the future of PV in the N&thnds in collaboration with industry and
academia.

viii
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1. Introduction

1.1 Introduction

The Netherlands is currently in the process ofwvateting its energy structure. The Dutch
government has set up the ‘Task Force Energy-ttansito establish a plan of action for the
development of sustainable energy in the Nethesldhdijn, 2006]. Around thirty ‘transition
paths’ have been defined within the transition pmog Each transition path consists of an
implementation trajectory related to a differenha@able technology. [NWO, 2008] Recent
research has taken place to help policy makeretadd on the best course of action, and now
they are deciding on which paths should be supgarted in what way. The research gained
insight into the main limiting and promoting factofor the implementation of the renewable
technologies, by looking at the current state & tachnology’s Innovation System. [NWO,
2008]

Each technology has its own unique network of tastins that enables a technological
breakthrough to diffuse successfully in the marktch systems are often referred to as
‘Technology Specific Innovation Systems’ (TSIS) andlude actors such as: universities, R&D
institutes, producers, users, branch organizatigesernment, interest groups and financial
institutions.

One of the renewable technologies which the Dutollegyment sees as very promising is
photovoltaic (PV) technology. And one of the coiggrwhich is internationally well known for
its PV research and market is Japan. The counsybban investigating solar cells for over 30
years and until recently was the global leadeolarscell shipment and total installed capacity. It
is also the first country in the world to have béthed a sustainable PV market. On the basis of
Japan’s success rate in developing and implemeRhgnovations, it is safe to assume that the
Japanese PV innovation systems are well organized.

The Netherlands might learn from the way in whitlke tJapanese organize the Innovation
Systems of these technologies, to improve its owdDRand implementation processes.
Therefore, an in-depth study of these Japanese yei8s of Innovation will be of value.
Furthermore, as the theory comes from the westemdwt will be of scientific value to apply
the TSIS concept in an Asian setting. The goalhis tesearch is therefore to investigate the
organization of, and processes within, several rdeg® photovoltaic Technology Specific
Innovation Systems in Japan.

1.2 Research question

The aim of this research is to investigate the mimgdion of, and processes within, several
Japanese photovoltaic (PV) Innovation Systems padaThe research will focus on several
different types of solar cells within the field BV, and will answer the question; what are the
promoting and limiting factors for the developmemd diffusion of PV in Japan? After the
analysis a comparison will be made between the Daihd Japanese systems, which may lead to
recommendations to the Dutch government how theyldcamprove their own Innovation
System.



1.3 Research boundaries
Before starting the research we need to furthecipthe research which includes the choice of
PV technologies and the TSIS system boundaries.

1.3.1 Choice of specific PV technologies

Seven technologies were chosen to be investigatembllaboration with SenterNovem of the
Netherlands, which were considered to be the nmygoitant PV technologies at the time. These
were: silicon feedstock, (multi-)crystalline silicsolar cells, thin-film silicon solar cells, high-
efficiency solar cells, CIS solar cells, sensitizathr cells and polymer solar cells. In the ititia
analysis of the structure of the innovation systéims list was further refined where certain
choices had to be made. High-efficiency solar cekse defined as those types of solar cells
which had the potential to achieve more than 258¢iefcy. This type of cells encompassed a
large variety of different types of cells in diféat states of developments. Therefore we specified
this type of cell to stacked silicon solar celledo ease of access to informattdrurthermore,
the activities regarding Solar Grade Silicon wengited in Japan and completely separate from
the other technologies. Investigating this techgglaould require a large amount of additional
work for which no time was available. As such teehinology could not be investigated fully and
no functional analysis was made of this technofogy.

In the end six technologies were chosen to be tigaged; crystalline silicon solar cells (c-Si),
thin-film silicon solar cells (tf-Si), stacked sitin solar cells, Cadmium-Indium-di-Selenide/di-
Sulfide (CIS) solar cells, dye-sensitized solatscDSC) and polymer solar cells. These will be
explained in more detail in paragraph 3.3.

1.3.2 System boundaries

Next to knowing the specific technologies we wilvéstigate, we need to define the starting
point for the analysis by choosing the TSIS sysbemndaries. Bergek et al. (2008) outline three
types of choices that analysts need to considéhigstep; (1) the choice between knowledge
field and product, (2) the choice between width de@dth, and (3) the choice of spatial domain.
We would like to make one small addition in thenfiaof: (4) the choice of time period.

Of the seven selected PV technologies, one was-aupyorting technology while the other six
were related to different types of solar cells.a88alell technologies stem from and are used in a
large number of different industries. As we areyanterested in the solar cell industry we will
not focus on knowledge fields but on the specifrodoict related to each of the 7 PV
technologies (1).

As each of these products can also be used irga lariety of applications we choose to focus
on a specific application of solar cellsjamely ‘solar cells for power applications’ as this
application forms the main challenge for governmand industry circles(2). Regarding the
spatial domain, we will restrict ourselves to amlgsis of the IS in Japan and the Netherlands
(3). Lastly, though TSIS are path-dependent, ingatshg the entire 40 year history of PV in
Japan would take a considerable amount of timewAsare mostly interested in what we can
learn from the current situation, we will focus @mrrent and recent developments of PV in Japan

! The theoretical limit of the efficiency of ‘tandédouble-junction) silicon solar cells has beefcatated by F.
Meillaud et al. (2006) as 35%.

% The information that was found has been includeabipendix |.

% The product related to the supporting technol@gyar-grade-silicon material’ is in and of itselifeeady a specified
application of a larger technological field (the@guction of silicon specifically for solar cell ghaction).



and the Netherlands, roughly 2000-2008 (4). Rebebhas already been performed about the
historical evolution of PV in Japan [Kimura and 8kiz 2006; Kurokawa & lkki, 2001] and the
Netherlands [Verbong et al., 2001] these will beduas reference when necessary.

1.4 Some technical background

1.4.1 Basic workings of PV

Solar cells work by turning the energy that the samts in the form of light, into an electric

current. Different researchers have come up wittargéety of ways of doing this. However the

general principle behind solar cells remains theesaas can be seen in figure 1.1.

PV works by absorbing the energy which is emittgdthee sun and transforming it into an

electric current. Light enters the cell and relsaslectrons from the emitter which travel around
an electric system as a current. An antireflectivating prevents the incoming light from being
reflected, thereby increasing the amount of ligiteeng the cell.

antireflection coating
—q front contact
P emitter
sunlight

external
load * base
Q9
electron-hole
pair
R ol st

Figure 1.1: Workings of a solar cell
Sourcehttp://teams.eas.muohio.edu/solarpower/WhatlsSolaeP.html

1.4.2 PV applications

The most widely known application of solar cell®rsrooftops. However they are used in a large
variety of applications, including: calculators, bia lighting, windows, facades, recharges,
emergency lighting and much more. In general astivi can be made between ‘off-grid’ and
‘grid-connected’ PV applications, depending on \kleetor not the PV system is connected to the
main electricity grid. In general four main appticas for photovoltaic power systems are
identified, [PVPS, 2007] other applications can be put into ¢ften overlooked category of:
solar integrated consumer products. For this rebeae restrict our analysis to grid-connected
power systems, due to time constraints and theadiitly of data.



1 Off-grid domestic
This category entails the use of solar cells imdtalone residential power systems, in general
this translates into the installation of PV systents rural housing.
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Figure 1.2: Off-grid domestic example
Sourcehttp://www.treehugger.com/files/2008/04/off-gridshes.php

2 Off-grid non-domestic
These applications entail all uses of stand-aloowep systems that are not meant for the
residential market, such as; lighting, pumping, etc

-~

Figure 1.3: Off-grid non-domestic example
Sharp Corp.’s solar powered street lights
Sourcehttp://i.treehugger.com/images/2007/10/24/sharp¥@edight.jpg




3 Grid-connected distributed

The most widely known example of this categoryhis tooftop PV systems. An interesting new
development is the creation of ‘building integrat®d’ (BIPV) systems, which entails using PV
as buildings components such as: windows, facau®safing material.

Figure 1.4: Grid-connected distributed example
Sourcehttp://www.solorcorp.com/pictures/Premier Gardermmf above GE_Neighborhood.JPG

Figure 1.5: BIPV example
MSK’s see-through Photovoltaic glass
Sourcehttp://www.kostak.si/dokumenti/lead/predstavitevntia.pdf




4 Grid-connected centralized
The grid-connected centralized PV systems conkiarge power systems.

Figure 1.6: Grid-connected centralized example
Source http://www.chemistryland.com/CHM107/Energy/Enerdinh

The PV technologies which are currently used feséhfour applications are: crystalline silicon
solar cells, thin-film silicon solar cells and Ckslar cells. Thin-film silicon solar cells are
especially popular for use in BIPV applications.

5 Solar integrated consumer products

Crystalline silicon solar cells and thin-film sitin solar cells are generally used for these
applications. Consumer products employing dye-siepdi solar cells will enter the market this
year (2008).

e

S0LDIUE

g

Figure 1.7: Solar integrated consumer products example
Sourcehttp://www.soldius.com/index.htm




1.5 Restrictions & limitations of this research
After having specified our research and lookinghatbasic technical aspects of PV, we will now
look at the main restrictions and limitations afthesearch.

The research was restricted to a six maitreframe, of which four months in Japan. This
greatly limited the number of interviews which cdube undertaken in both Japan and the
Netherlands. As a result, several interestyrgups of actors could not be included in the
interviews, these include: financial institutiongtilities, project developers and end users
(building owners). No financial institutions werentacted. Respondents were asked about their
relationship with banks and other financial ingtdos and their perceived importance in the
industry. Respondents indicated to have no sp&olato any financial institutions, not leading
to any possible contact information. General infation concerning the influence and interests
of project developers and end users was receivedidh a report from the JPEA (Japanese PV
branch organization), and MNP (research institotgsalting the Dutch government). A Japanese
power company was contacted however they were uabilea for an interview. Due to time
considerations no Dutch power company could beacbed.

First of, there was lessverlap between the TSISthan expected, which led to difficulties in
getting enough respondents for each technology. adteities regarding Solar Grade Silicon
proved too limited in Japan, and too separate tiwrother technologies, to be investigated fully.
No functional analysis was made of this technoldgytthermore, interviews with actors in the
CIS solar cell and polymers solar cell TSIS wemitied due to the limited number of actors
involved and the difficulty in finding them, respely. This has made the analysis of functions
which rely largely on interview information, in paular knowledge diffusion, more difficult.
Other sources were sought to compensate for this.

The research was limited wrid-connected PV systemsa.k.a power applications. This has
made the investigation of PV technologies whichrareready yet for these types of applications,
such as the organic solar cells, more difficultg&@nic solar cells are currently being used in
consumer products for the first time. However, tas lay outside of the scope of this research,
this potentially very interesting field could no¢ Imvestigated. In response more attention was
paid to the large part of research into making migaolar cells suitable for rooftop applications.

Research into the developmentefergy storage technologies.e. lithium batteries and fuel
cells, is in progress and is regarded as an impiosiapport-technology for the future of PV in
Japan. However, as this lies outside of the scphi® research, it will not be included in this
report.

Though the use of silicon in the PV industry iswenportant, this research will not expound on
the different types of silicon materials which are in use. An analysis of thesusfesilicon in the
PV industry alone would be more than enough worlkafoomplete master’s thesis.

Several potentially highly valuabkources of informationwere unavailable. Important reports
by the RTS and other sources of market informatvere unavailable due to high cost of access.
Information in newspaper articles, magazines, amilag sources including specialized material
were unavailable due to language difficulties amphrt of the researcher.



Thelanguage barrier in general led to some difficulties. The degreeaipetency of English
in the group of Japanese respondents varied gré&aitye of the later interviews, including those
through e-mail were performed in Japanese and Kitrdhslated by Rob Stroeks of the Royal
Netherlands Embas$y.

Next to this there were severalltural differences regarding the way the interviews were
conducted. The ‘way of speaking’ of respondentstéedhterpretation problems as Japanese use
more circumvent ways of speaking than the reseanslas accustomed to. Another important
difference was that many of the interviews weraliveith multiple respondents at the same time
while in the Netherlands it is more accustomed &vehone-on-one conversations. Often
respondents enlisted the help of others in the eomppvith different expertise and/or a firmer
grasp of English, which improved the quality of teeponses.

Though the research aimed to incorporate potehtiate developmentsnext to the current and
recent developments, this proved more difficulintexpected. Official announcements such as
press releases are regarded as a ‘commitmentpanJ& comparison to other countries where it
constitutes a matter of ‘intent’. The result istthdormation on future developments is difficult
to come by as organizations are very reluctantlease such information.

In some instances it was difficult to determine tflationship between specific companiedue

to reluctance in Japanese business culture to wagamizations. Respondents were reluctant to
name their suppliers and customers, as well as plaeiner company especially if it is not widely
known or has not been announced yet; howeverdbidactor is also in place in Europe.

Of the entire PV production line, this research fatus on those activities relateddolar cells
and solar modules Though in general these terms are used intereadhg (even by experts),
there is a significant technical difference betwdenterm ‘solar cells’ and ‘solar modules’. Solar
cells refer to the small-size cells, which are fnactional components of a solar power
installation. These cells are placed in some typérame and electrically connected to one
another to form a ‘solar module’. It is these ma&duivhich can be placed onto rooftops. In this
research both terms are used to mean ‘solar modabaept when discussing specific research
results in Appendix I.

In the literature and news reports there were sdiffieulties with the term'thin-film solar
cells’ as this can refer to a large variety of solar tethnologies based on thin layers. These
include: thin-film silicon solar cells, stackedisin solar cells, CIS, GaAs, CdTe and thin-film
organic solar cells. As the meaning of the ternn4iim’ was not always explained in reports
and articles, cross-referencing was used as mupbsssble to determine the actual type of cell.

* The interview with Arno Smets from AIST was perferd in Dutch however an English transcript wastedkand
approved.



1.6 Thesis structure

The research starts in this chapter with an intctdo to the research, starting with the research
question. The section will include a short techgadal background of the workings of PV and
special attention will be paid to the boundaried Bmitations of the research.

The second chapter will provide the theoreticalkigamund of the research, explaining the
Innovation System concept as well as the functanenovation systems approach which will be
used to analyze the different solar cell techn@sgirhe concept of virtuous and vicious cycles
will explained and the chapter will end with a psecdescription of the steps which have been
taken to perform this research.

An overview of the current state of PV worldwidegisen in chapter three in order for the reader
to place the situation of Japan and the Netherlamdscontext. The basics of the selected PV
technologies will be explained in the final pargdra

The actors which are involved with the creation aliffLision of the selected technologies in
Japan, e.g. the structure of the TSIS, will beudsed at the beginning of the fourth chapter. This
will immediately be followed by the analysis of tAR&IS using the seven functions from the
functions approach described earlier. We will cadel this section with an evaluation of the
existence of vicious and virtuous cycles for P\gémeral and for each of the technologies, where
we will focus on discovering the main promoting dmditing factors of PV development and
diffusion in Japan.

The comparison with the Dutch PV sector is locatedhapter five. After a brief analysis of the
Dutch PV IS and a comparison to the Japanese Psel®&ral recommendations will be given to
the Dutch government on how they may improve theB@V IS.

The final chapter contains the main conclusionshefresearch, a discussion of the results and
recommendations for further research.

Appendix | describes the current state of PV tetgies in Japan as reference for readers or as a
basis for further study. Appendix Ill contains aoghanalysis of the effects of culture on the
willingness of government, companies and consurntemsmploy solar cell technologies. This
document may be useful as background material éedorduring reading for those readers
unfamiliar with Japanese and/or Dutch culture.



2. Theoretical framework

For any research the establishment of a sounddhealr base is paramount. This chapter will
focus on this issue by looking at the various wiaywhich innovative processes can be analyzed
and determining their suitability for this researchfter this we will explain our chosen
framework, the innovation system (IS), and the iicfions we will use for our analysis. We will
also explain the concept of virtuous and viciousley. This chapter will a step-by-step
description of our research approach.

2.1 Innovation research

This research will answer the question; what ae ghomoting and limiting factors for the
development and diffusion of PV in Japan? The mebeavill focus on several different
innovations within the field of PV. After the analy of the Japanese PV IS a comparison will be
made between the situation in the Netherlands apén] which could lead to recommendations
to the Dutch government, how they could improvefthestioning of their PV IS.

As such the theoretical framework to be used fas tesearch needs to be aimed towards
developments of a specific innovation. It needsctmtain a method to investigate factors
promoting and limiting factors for this developmemitowever, though innovative research
stretches across geographical boundaries, the sssalgould be limited to that within specific
countries. The framework should enable the invattg of socio-economical factors within a
country. And, considering the Dutch and Japanesescaeed to be compared, an important
requirement of the framework lies in its ability tompare the two cases. Also, the research
needs to be able to be performed within 6 monthspuah the existence of an (initial) analysis for
the Dutch case is important.

There are a variety of ways to investigate the ggses surrounding innovations. We will look at
several different frameworks, each employing aedéht perspective and level of analysis, and
determine their suitability for this research. T$ig frameworks we will compare are: Socio-
technical System, Strategic Niche Management, Laisgdnological Systems, Cyclic Innovation
Model, Porter’s diamond and Innovation Systems.

The termSocio-technical System (ST&as coined in the 1960s by Fred Emery and EristTri
(1965) [Emergy and Trist, 1965 in Geels et al.,440@ocio-technical systems theory considers
the interrelation of society and technology and basn used to discover the societal and
technical factors that enable and prevent an inimvao be accepted on the market. The current
theory distinguishes three different levels fromahhthe development of a technology should be
analyzed; macro level, socio-technical regime aiuthey see figure 2.1. The macro level, or
‘landscape’, is mostly static and has a very lange frame. Regimes deal with competition for
the technology in the form of the existing embedtiszhnologies. The niche is the micro-level
and consists of a new technology being developeskibly protected by a merger of favourable
circumstances under which the technology can fétnrlso called a ‘window of opportunity’.

The framework is very suitable for finding outsitéetors which could hinder or promote the
development of an innovation. An analysis of theigtechnical regime would be very helpful in
discovering (additional) promoting and limiting facs outside of the development of the
technology itself. However due to time constraiet&h an analysis can not be performed.
Furthermore not all factors found (namely thosenacro level) are under control of any person.
Though these would be very interesting to discduam a theoretical viewpoint these factors
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could not lead to any practical recommendationsoAhe framework does not focus on factors
dealing directly with the technology such as reseand development activities.

Mact o level (landscape)

Mesolewel (regmes)

Micro level (niches)

Figure 2.1: Multi-level perspective
Source: Rotmans, J., Kemp, R., van Asselt, M., 20dbre evolution than revolution: transition maeagent in
public policy’, Foresight 3 15-31.

Strategic Niche Management (SNig) defined by Kemp, Schot and Hoogma (1998) as “th
creation, development and controlled phase-outatepted spaces for the development and use
of promising technologies by means of experimeotatwith the aim of (1) learning about the
desirability of the new technology and (2) enhagdhe further development and the rate of
application of the new technology.” [Kemp, Schotdafoogma, 1998 in Raven, 2005] Three
important processes were identified within the fearark: voicing and shaping expectations,
network formation and learning processes. [Ravéi)5R SNM has mostly been used for
historical case studies to understand the processcbnological development and there have
been few practical guidelines for policy recommeiuates. [Caniéls & Romijn, 2006]

SNM focuses heavily on the creation of a protectedtket space for experimentation purposes
and to promote future market diffusion. SNM doeg lomk at entire countries and socio-
technical circumstances are absent from the bhemry. As such the framework is not suitable
for this research.

Large Technological Systems (LTieory as defined by Hughes (1983) focuses ongdsan
within systems of large proportions and/or complgxtonsisting of a seamless web of physical
artefacts, organizations, and legislative artefggistitutions). The goal of the system is to
expand and a pattern of evolution is establisheidiwtonsists of several phases the system goes
through: invention, development, innovation, transf and growth, competition, and
consolidation. [Bijker, 1987] The framework has tiypbeen used to investigate radical changes
in technology or major projects, such as the iastoy of the telephone system and the shift from
sailboat to steamboat.

The method is not suited for this research as imanly geared towards radical, large-scale
system changes while this research focuses onntulevelopments of existing or developing
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systems. It is also very extensive; it incorporaibgsical artefacts such as power lines and the
actual modules, and as such can not be perfornmdabtb countries in the available time.

The Cyclic Innovation Model (CIM)was developed in the nineties as an instrument for
continuous reform. “It considers innovation pro@ssas coupled ‘cycles of change’, connecting
science with business, and technology with marketa,cyclic manner.” [Berkhout & v.d. Duin,
2007, p.294] It focuses on the mapping of 4 praeess public and private organisations which
need to be managed in order for the innovationetxn the market. The model consists of 4
‘nodes of change’; scientific exploration, techrgptal research, product development, market
transitions, which are connected by four interartinycles of change’; technical oriented
sciences cycle, systems engineering cycle, custmhservice cycle and society oriented science
cycle. Each cycle can incorporate actions from iplgltorganizations and industries. [Berkhout
& v.d. Duin, 2007]

Though the method focuses on processes that neafte¢qlace in order to bring a technology
onto the market, it does not investigate severabntant outside processes, such as the need for
the technology to fight for a place within the @nt structure, and how this can be achieved. Nor
does it incorporate processes of institutional geait is most suited for processes in public and
private organizations while a more extensive petis required to find outside factors which
could limit or promote the innovation’s development

Porter (1990) was one of the first researchers to detertiie economic and innovative success
of a country based on structural factd?srter’'s diamondnodel allowed for an understanding of
the competitive position of a nation in global catipon. The corners of the diamond consist of
four factors: factor conditions, related and supipgr industries, demand conditions and
‘strategy, structure, and rivalry’. These factoffeet four ingredients that lead to a nation’s
comparative advantage: the availability of resosiraaed skills, information used by firms to
decide which opportunities to pursue, goals andguee on companies to innovate and invest.
[Quick MBA, 2007]

Porter's diamond focuses on structural factors osunding innovations and comparative
advantages between companies or countries. Itisuii@able for this research as it does not focus
on the development of a specific technology. Theoth is aimed at discovering the innovative
strength of countries, which is a very high levehoalysis for this research and would take too
much time to explore.

The Innovation Systenframework is based on the premise that each teogpdhas its own
unique network of institutions that enables a tedbgical breakthrough to diffuse successfully in
the market. Such systems are often referred torashhology Specific Innovation Systems’
(TSIS) and include actors such as: universities,DR#astitutes, producers, users, branch
organizations, government, interest groups anadiahinstitutions. Recently researchers such as
Jacobsson & Johnson (2000) and Hekkert et al. @0B@ve put forward sets of ‘functions’,
which are basically processes within the TSIS whralst be fulfilled in order for the TSIS to
function correctly. The interaction of these pr@e=scan lead to virtuous cycles which greatly
promote the development and diffusion of the tetbmyo Comparisons between countries have
already been performed with this framework, examplee Kamp (2002) and Hekkert & Negro
(2008).

As such the framework is very suitable for thissgsh as these processes and cycles can be used
to determine promoting and limiting factors of ttevelopment and diffusion of an innovation.
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An additional reason is the ability with this frawmk to compare the Dutch and Japanese case,
especially as the Dutch ‘transition paths’ are stigated through this method and the Dutch PV
innovation system has been investigated. We weltefore use the Innovation System framework
for our research. The IS framework will be furtlegplained in the next section.

2.2 Innovation Systems

The term ‘National Innovation System’ was first med by Christopher Freeman in his
book 'Technology Policy and Economic Performanassbns from Japan’ [Freeman, 1987]
where it was defined as “...the network of instita8oin the public and private sectors whose
activities and interactions initiate, modify andfalse new technologies.” The Innovation systems
concept has become very popular among academicpa@icymakers due to its explanatory

power. However there is currently no consensus dafimition. Since its inception a variety of

definitions have been proposed (e.g. Lundvall 198son 1993, and Metcalf 1995). For this
research the definition of a TSIS as employed bkkde and Negro (2008) will be used “a

network or networks of agents interacting in a #pedechnology area under a particular

institutional infrastructure to generate, diffuaad utilise technology.”

Researchers initially focused on the national letglwever, for most researchers the national
level added an unnecessary amount of complexitytouke vast amount of actors, institutions
and relations involved. This has led to the cremta§ ‘Sectoral Innovation Systems’ (e.g.

Malerba 2002), and ‘Regional Innovation Systems(.(®oloreux 2002), which as the names
suggest focus on a sector or a region, respecti{@harif, 2006] Meanwhile recent researchers
have proposed to focus on the development of spemthnologies instead of regions or
industries, since changes in Innovation Systemsh@guad-in-hand with technological change
[Hekkert et al., 2007a]. These systems are callasthnology Specific Innovation Systems”

(TSIS).

An important difference between the TSIS and is$esiconcepts lies in its spatial aspect. While
National, Regional and Sectoral Innovation Systenasntain strict geographical boundary, a
TSIS transcends these boundaries as the technadogged in several sectors, and multiple
countries are involved in the research and diffusibthe technology. See Figure 2.2. However,
though they are international in nature when reseag them, TSIS are virtually always

restricted to national boundaries since they afectdd by the national institutional framework.

[Hekkert et al., 20073a]
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Figure 2.2: Boundary relations between National, Sectoral Becthnology Specific Innovation Systems
Source: Hekkert et al. (2007a)
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2.3 Functions of Innovation Systems

For an Innovation System to function correctlysigenerally assumed it needs to fulfil a specific
set of functions, where each function relates tgpecific process or activity that takes place
within the IS. Several of such sets have been @mephby e.g. Kern (2000), Hekkert et al. (2007a)
and Jacobsson and Johnson (200Dhere is currently no agreement on the preferetdo$
functions. As stated by Hekkert and Negro (2008)ahother group of researchers with different
backgrounds might highlight different processes eowhe up with a different categorisation of
events and thereby to a different set of functibftdekkert & Negro, 2008] However there are
two sets which are most prominent in the receetdiure. Both Hekkert and Jacobsson have
introduced a fairly similar set of 7 functions. Bare based on the newest insights and have been
used in several case studies.

However it is important to note that in the chaddeesearch methodology a major concern is the
ability to compare results with other studies, esgly as this research endeavours to make a
comparison to the Netherlands PV industry. As theinttions of Hekkert et al. are currently
used to examine the Dutch ‘transition paths’, thil facilitate translation. Furthermore, the
framework has been used in several case studigkeirNetherlands and abroad, including
comparative studies.

For these reasons we will use Hekkert et al.’s {200functions of innovation’ framework to
determine the strength of the Innovation Systents@onts of improvement. Though the TSIS
transcends national boundaries, we will focus esearch on the Japanese and Dutch parts of the
system. The framework consists of 7 functions. Hadlgtion relates to activities that take place
in an Innovation System which are highly importgomtit performing well.

Function 1.  Entrepreneurial activities

An entrepreneur turns the potential of new knowéedgvelopment, networks and markets into
concrete actions to generate and profit from bw@sinepportunities. [Negro et al., 2007]
Entrepreneurs are necessary to cope with the langertainties that stem from developing and
diffusing new technologies. In general two ‘typesin be distinguished. Entrepreneurs can be
new entrants that see opportunities in new marketsjcumbent companies who diversify their
business to take advantage of new developments.flihction was analyzed by determining the
number and type of new entrants, and their reaahffiture activities.

Function 2. Knowledge development

The development of new knowledge, or learningsieatial for the creation of new innovations.
Four types of learning processes were distinguidhyedamp (2002); learning by searching,
learning by doing, learning by using and learniggriteracting. Of these the first three fall under
the category of knowledge development. Learningsbgrching entails the creation of new
knowledge at research institutes or companiegdtisists of the systematic and organised search
for new knowledge, or the innovative combinationotd and new knowledge.” [Kamp, 2008,
p.279] It was investigated by looking at the numéned type of institutes doing research, and the
type of research (basic/applied) they were perfogmi

Learning by doing consists of production skills @hiincrease the efficiency of production
operations. This process was mainly investigatedobking at how long production has been

® A thorough evaluation of the differences betwdendurrent sets of Innovation Systems Functionseafound in:
Bergek et al. (2008) and Hekkert et al. (2007a)
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taking place and the change in product cost duhiggperiod.

Using the technology also delivers specific knowkeduch as feedback on the performance of
the system in an actual application, as well asiggiexperience with placing or installing the
innovation. [Kamp, 2008] These all fall under thHearning by using’ process which was
investigated by looking at the presence of tesjepte and methods for market feedback. For
those technologies already in production we algefligiooked at the market size.

Function 3.  Knowledge diffusion

The fourth learning process that was identified Wearning by interacting, or knowledge
diffusion. It entails the transfer of knowledgeween different actors. With the large amount and
variety of actors within the innovation system, #echange of knowledge is very important.
Formalized knowledge can be exchanged quite edwlygver tacit knowledge which is difficult
to formalise, needs to be transferred face-to-fdcamp, 2008]

For the analysis of this function attention wasdp@i collaborative efforts between the various
actors, in particular between manufacturers andaret institutes, as well as the existence of
formalized exchange methods such as journals anahaes.

Function 4.  Guidance of the search

Resources are limited making it is necessary tecéffely distribute them by focusing on specific
paths. There are several ways in which such guelaan be established. If a technology has
proven itself, this will give the technology a hehlevel of credibility, which will propel
development into this area. Similarly a technolabiareakthrough can motivate actors to focus
on a specific field of study. Guidance can alsontéated by institutions such as the government
through goal setting.

This function was analyzed by mapping specific étsgset by governments or industries
regarding the use of a specific technology, anerdahing the technological expectations of
respondents.

Function 5.  Market formation

A well functioning market is necessary in order doable many of the other functions. It
motivates and sustains entrepreneurial activitiestjvates the application of new resources and
enables support from advocacy coalitions. In gdreeMarket is formed when the product fills a
need or solves a problem. The establishment oemcarkets are very important in this regard to
allow new innovations to compete with embeddedneldygies. These niches are formed due to
the presence of technology specific applicationthimugh government action.

This function was analyzed by investigating therahteristics of each market, paying special
attention to technology specific applications, abg examining government promotional
activities.

Function 6.  Mobilization of resources

To enable all the functions within the TSIS enotdiglancial and human capital will need to be
available. However there is another resource fastuch is often overlooked, namely the fact
that companies need to have access to enough physsources to create their final products. |
make a modest addition to the theory by clearltirgiahat ‘physical resources’ also need to be
mobilized by actors within the TSIS. This functismas analyzed through interviews, to discover
whether or not core actors perceive access tocgrifiresources as problematic.
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Function 7.  Support from advocacy coalitians

New energy innovations need to make a place fondleéves in the present energy system which
is dominated by the oil industry. Current orgarimas have gained a large amount of power and
influence and are often very reluctant to changeafting legitimacy for the technology will
facilitate a new technology to become part of aisteyg system, or overthrow it. Since interest
groups are the key actors in creating legitimahis tunction will be analyzed by mapping the
existence and activities of these groups.

For this function the existence of advocacy caaisi was analyzed. The views and activities of
the coalitions were analyzed, including as muchpeassible an indication of their influential
power, based on recent successes (or failuresiespdndents’ perceptions.

2.3.1 Virtuous and vicious cycle$

One of the central ideas of the ‘functions of inatean’ framework is that functions can influence
one another. Entrepreneurs that see potential feclnology can start lobbying for special
subsidy schemes from the government, thereby ageatiniche market. This is one example of
functions strengthening one another. A ‘virtuousleyexists when the functions strengthen each
other in a positive feedback loop. Negative feelbaops are known as vicious cycles. For
example, we would have a virtuous cycle as sooth@<reation of a niche market motivated
more entrepreneurs to enter the market, therelngasog the lobbying activities, getting more
protection from government for the niche market] an on. Determining the presence of cycles
within an IS is very important. Virtuous cycles a@nsidered the driving forces behind a good
functioning Innovation System [Hekkert et al., 2B)7while vicious cycles will hamper the
diffusion of technology and may even lead to th&s I&llapse. [Hekkert, 2008] However it
should be noted that a vicious cycle can be oveecand it is not uncommon for virtuous and
vicious cycles to alternate over time within a gnignovation system.

2.3.2 Relative importance of the functions

The last important point we will discuss relateshe relative importance of the seven functions.
Though all seven functions are important for thecfioning of the IS, recent research indicates
that not every function is equally important. Reskgerformed by Hekkert and Negro (2008)

emphasizes the importance of three functions iabéishing virtuous cycles; entrepreneurial

activities, guidance of the search and market ftionaHowever their analysis is only based on

four case studies, two in Germany and two in thinéldands. The only other authors which have
discussed this issue are Bergek et al. (2008). éatgdeal is still unknown about the relation

between the importance of functions and the phdsgewelopment of the technology under

scrutiny, an issue which Jacobsson and Bergek j2fi@atly emphasize. Bergek et al. state that
the importance of each function is expected to watyme depending on whether the technology
Is in the formative or growth phase. [Bergek, e2808] However their analysis is tentative and
does not provide any practical guidelines. As theent research on this area is limited, we
won't use the difference in importance of each fiomcin this research.

® This function is sometimes called ‘creation ofilegacy/counteract resistance to change’. The teraised
interchangeably. We chose ‘support from advocaayjittons’ as it was the clearest description.

" These types of cycles are also known as ‘motochafge’.

8 In paragraph 6.2 we will discuss our own findinggarding the relative importance of the functions.
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2.4 Research approach

The research is divided into two main parts. Fissthe analysis of the functioning of the
Japanese TSIS in order to determine the main proghand limiting factors for the development
and diffusion of the selected PV technologies. $&eond part is a comparison to the Dutch PV
TSIS.

Part | — Analysis of Japanese PV technologies

To improve comparability between the Japanese andhiase, the Innovation system approach
which was used to research the Dutch case hasuseen[Hekkert et al, 2008] These involve the
following 4 steps of analysis:

Step 1.Determining the phase of development of the teldgyo

As mentioned before, the evaluation of an IS depemd the phase of development of the
technology. Four possible phases are identifieds-davelopment, take-off, diffusion and
stabilisation. The following table shows the cidewhich are used to determine the phase of
development. For a quick overview the phase wdbdbe represented in a simplified diffusion
graph, known as an S-curve.

Phase Criteria

Predevelopment Untill prototype is created

Take off Few paying customers, small demand
Diffusion Strong growing salesfigures
Stabilisation Market saturation

Table 2.1: Phase of development of the technologies
Source: [Hekkert, 2008]

Step 2.Mapping the structure of the Technology Specifisdvation System (TSIS)

In order to understand the processes happeningnvath Innovation System, it is paramount to

first map the structure of the TSIS. Without a basinderstanding of the structure, processes
within the TSIS will be difficult to place and undéand, leading to misinterpretations. For this

reason, the research will start with an initial lgsi@ to determine the basic structure of the PV
sector. For this analysis the TSIS is divided iiite parts: government system, supply, demand,
intermediaries, and knowledge infrastructure, sgeré 4.2. The allocation of the actors to each
component can be found in the table below.

Structural component Parts

Government system National, regional and local govents

Supply Manufacturers

Demand Architects, project developers, buildingnpanies, retailers, installers,
building owners (private, corporate, industry, resflate, communities)

Intermediaries Branch organizations, customer rupgdions, financial institutions,
environmental organizations, specialized trainmggitutes

Knowledge infrastructure | Universities, researclitinies and company research centres

Table 2.2: Structure of the IS
Source: Adapted from [Hekkert, 2008]

° A more extensive analysis of the Japanese PV rshambeen made which is not limited to (thoughugsing on)
the seven selected technologies. This analysibds added as Appendix 1.
19 several actors were moved from the supply categgotlye demand category as this is more in liné ie
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Government system

Supply Intermedia- Demand
ries

Knowledge infrastructure

Figure 2.3: Structure of the TSIS
Source: Adapted from [Hekkert, 2008]

Step 3Analysing the functioning of the IS

The next step is to assess the functioning ofihevation system through the evaluation of the
seven system functions. These were evaluated thraugix of interviews with key actors in the
TSIS combined with document search and literatengew. In the evaluation of the Dutch
energy trajectories, an appraisal was made of tituetare of the IS and the fulfilment of the
individual functions based on a 5-point scale. Heaveconsidering these assessments are mostly
based on ‘common sense’ and no fixed criteria cuiyrexist for the evaluation of the functions,

I will not employ this scheme for this research.p@pdix Il gives an overview of the indicators
which were used to evaluate each function, andyte of actors which were questioned for each
function.

Step 4.Determining the presence of virtuous or viciousley

The final step is to look at the interrelation beén the functions. By observing positive and
negative interactions we can determine the preseinetuous and vicious cycles and their main
causes. In the analysis of the innovation systermaee a distinction between cycles which
influence the development, and those that influenttee diffusion of the technology. The
analysis focuses on investigating the main prongoéind limiting factors for the development
and diffusion of the technology.

Part Il — Comparison to the Netherlands

The second part of the research consists of aruavah of the Dutch PV innovation system
employing the previous step-wise plan, and compaitirio the Japanese case. In this part we
will not look at individual technologies but the Ridustry as a whole. The Dutch PV IS was
evaluated using a variety of empiric sources, idiclg the analysis of the Dutch PV IS as
performed by Dr. Simona Negro.

As the final step of this research several reconttagons to the Dutch government will be
given, based on the comparison. To establish trexsemmendations we will look at the strong
points of the Japanese systems and analyze if mgpleng these factors would benefit PV
development and/or diffusion in the NetherlandsxtNe this we will look at the weak points of
the Netherlands PV IS and investigate possibletisnlsi based on the Japanese case. Experts
have been consulted to determine the applicalafithe Japanese solutions to the Dutch case.

structure of this research, these are: architpotgect developers, building companies, retailes iastallers.
Furthermore, ‘company research centres’ were atitidte knowledge infrastructure category.
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3. Current status of PV in the world and Japan

In this chapter we will look at the state of PVJapan and abroatWe will first look at the
worldwide developments in order to put the situatim Japan and the Netherlands into
perspective. Next we look at the current state eafetbpment of the selected PV technologies
which we will investigate. The analysis of the TQiSthese technologies will take place in the
next chapter.

3.1 PV Worldwide

PV is a blooming market, generating $17.2 billienglobal revenues in 2007. [Marketbuzz,
2008] Especially the European market has seen pllo®an in demand, after Germany initiated
a feed-in-tariff (FIT) which gives home-owners argeetitive price for the energy they deliver to
the electricity grid. Italy and Spain have sinc#diwed its example. The current distribution of
the world PV market is shown below.

World Photovoltaic Market in 2007
2826 Megawatts

Fest of
Waorld
3%

Rest of
Europe
%

USA,
8%

Japan
8%

Spain
23 %0

Copyright: Solarbuzz LLC

Figure 3.1: World Photovoltaic Market in 2007
Source: [Marketbuzz, 2008]

Linked to the increased market, there is massieevilr in installed PV capacity, especially in
Western European countries such as Germany, ltalySpain, with Germany currently leading
in cumulative installed capacity.

This increased demand has also led to an incregs®duction, especially in the European area.
The main PV producing countries are Japan, Gernaawalythe United States. The country of
origin of the main PV producing companies is sloglhfting from Japan, which used to have the
top positions, to European producers. The largagadese PV manufacturing company, Sharp
Corporation, was the largest producing company ft®@®9 until 2007, when it was displaced by
the German Q-Cells. [Prent & Stroeks, 2008] Onéhefmain countries entering the PV market
for the first time is China. China is producingaage quantity of solar cells but has no domestic

" For more detail per country please visit the IBfetnational Energy Agency websitgtp://www.iea-pvps.org/
Concerning the situation in Japan see Appendix hfore detailed information on current governmesgggarch and
production activities.
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market and is exporting over 90%. [Hui, 2008]

3.1.1 Global PV issues
There are two main issues facing the global PV shgu the silicon shortage, which constrains
production, and grid stability issues, which hintrer diffusion of PV.

Silicon is the most widely used raw material foe ffroduction of solar cells. However, there is
competition between the PV and semi-conductor imgdsr this precious commodity. Currently
there is an enormous shortage of silicon on the&ketamaking it difficult for some companies to
get sufficient amounts. Production of many compaimsenot up to full capacity mainly due to
shortage of silicon. Successful companies have geh# obtain long-term supply contracts,
however new entrants are facing difficulties. Bugyextra on the spot-market can be up to 5-6
times more expensive. The high costs form majoblpras for the PV industry since 20% of the
current cost of solar system comes from siliconemal [Kim, 2008]

Many companies in China are seeing a business upytyr and are starting up silicon
production plants. China aims to make solar cedisgilow cost wafers but manufacturers are
facing instability issues. [Hui, 2008] In Taiwanstitutes are busy trying to get ‘fast-grown’
cheap wafers of sufficient quality to be used. Hesvedespite silicon production for both solar
and semiconductor use rising 30% in 2007, it reexhithe most capacity constrained part of the
PV chain. Twenty-one new entrants started manufiagfisilicon in 2007. [Marketbuzz, 2008]
However there is good news as a rough estimateshmsn that there will be a sufficient supply
of silicon by 2010. [JPEA, 2008]

Another problem PV and other renewable energy ssuface is that they are dependent on
nature and are therefore considered supplementavgmpsources, and not energy power sources
in their own right. This is mainly due to the faleat their reliance on nature results in an unstabl
power output. Incorporating large-scale projects bave negative effects on grid stability, as
extra power is added and removed without warnirgs increased the change of power outages,
and therefore an increased chance of customertidiaséion. Research in Japan has pointed out
that this instability will occur when up to 10% thfe energy is delivered by solar cells. [JPEA,
2008] To get the needed stability to compensateHig; PV installations need to be combined
with an adjustable power source or storage batf@gvatanabe, 2007] Research into these fields
is underway in many countries, including Japan &hd United States. The US government
declared in the FY 2007 draft budget to focus amnelogical development of next-generation
storage battery and hydrogen fuel. [Watanabe, 2007]
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3.2 PV in Japan

Japan has practically no natural resources andasily dependent on imported oil. In fact, only
4% of Japan’s energy comes from native sourcesRBN2006] This weakness in the Japanese
energy system became apparent during the firstrgis of 1973. Ever since, one of the main
goals of the Japanese energy policy is to gainpedgence from outside energy sources by
investigating non-oil alternatives. The curreninpiples of the Japan’s energy policy are known
as the 3E's:

1. Security of Japanedenergy supply (alternatives to oil)

2. Economic efficiency (market mechanisms)

3. Harmony withEnvironment (cut CO2 emissions)

[Jager-Waldau, 2007]

As a result of the diversification actions of thevgrnment, the current energy mix of Japan
consists of a variety of sources, including: nuglgaothermal, LP gas, oil, LNG, coal and Hydro
(see figure 3.2). The government is very suppornifvethe so-called ‘new energy sources’ which
encompass a large variety of technologies; solavepogeneration, wind power generation,
generation from waste products, biomass power géoar solar thermal energy, thermal energy
from waste products, biomass thermal energy, ieerthl energy, production of fuel cells from

biomass, temperature differential energy, electgbicles (including hybrid cars), natural gas
vehicles, methanol vehicles, natural gas co-geioerand fuel cells. [ANRE, 2006, p.14]
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1000+
= New energy 0.5%
800 ] —— Nuclear 29.1%
Geothermal 0.3%
==—— |_P gas and others
600+ e 1.5%
= Oil 8.2%
200+ Coal 24.7%
5 — Hydro 10.0%
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Note: Figures through fiscal 1971 are for nine EPCos.
:i*Figures have been rounded off, and percentages may not total 100.
:i+"LP gas and others" includes LPG, other gases, and bituminous compounds.

Figure 3.2: Trends in power generation in Japan
Source: [ANRE, 2006]
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Japan is one of the ‘energy R&D-intensive’ leaderthe world together with: the United States,
Canada, Germany, France, Italy, the Netherland#gz&hand and the United Kingdom. However
unlike the other leaders, only in the case of Jajm@s energy R&D account for more than 1.5%
of the nation’s overall R&D enterprise. [Runci abdoley, 2004] The government started the
research and development of solar cell technolagi¢se ‘Sunshine project’ which lasted from
1974 up to 1993, after which it was replaced by ‘New Sunshine project’. Though this new
program ended in 2000, Japan it is still one ofléngest spenders in the world regarding solar
cell R&D. [PVPS, 2007]

Japanese companies were quick to join in the goventis solar projects and a large solar cell
industry has emerged. Japan became world No.1 damkeroduction volume in 1999, and
maintained this position until 2007. Japan prodwadasut 40% (36.8%) of the entire world’'s PV
and Japanese PV manufacturers occupy 3 out of thp Bve ranks. [Kaizuka, 2008] However
Japanese producers are losing ground to new playets as Germany and China (see Figure
3.3). They only accounted for 26% of global protutin 2007. [Marketbuzz, 2008]
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Figure 3.3: Production volume of PV cell
Source: [Kaizuka, 2008]

The Japanese have also lost their position asaimetry with the largest installed PV capacity in
the world, see figure 3.4. The causes for thigla@eenormous growth in European countries such
as Germany and the fact that the Japanese domeatiket stagnated in 2006. The main reasons
cited were the end of financial installation supgpbrough the government’s ‘Residential PV
System Dissemination Programme’ in 2005, combinetth wdirect effects of tight silicon
feedstock supply. [PVPS, 2007, p.11]

23



Introduction volume of photovoltaic power (unit: 10,000kW)

300
=&~ Germany 286.3
=i~ Japan

250 —— US

200

150

100

50

71992 71993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Note 1: Source: Trends in Photovoltaic Applications/IEA/PVPS (2006)
2: IEA PVPS participants: Australia, Austria, Canada, Switzerland, Denmark, Germany, Spain, France, UK, Israel, Italy, Japan,
South Korea, Mexico, Netherlands, Norway, Sweden and the United States

Figure 3.4: Changes in Cumulative Introduction of Photovolfa@mver Generation
Source: [Watanabe, 2007]
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3.3 Selected PV technologies

In this section we will present the selected tetbgies. We will explain the basics of each

technology including the current research challesngad production status, ending with an
evaluation of the current phase of development h&f technology. We clustered the PV

technologies into four groups based on the siniggriof the technologies, linked to similarities

and overlap within the innovation systems. The gsoare: supporting technology, silicon-based
technologies, CIS and organic technologies. As exgdained before, no evaluation was made of
the TSI1§ of solar grade silicon. Nevertheless wugte a description of the technology in this

section.

3.3.1 Supporting technology

Solar Grade Silicon material (SoG-Si)

Solar Grade Silicon entails the production of siiomaterial which is suitable for use in Solar
Cells. [U.S., 2008] Silicon is the second most e item in the Earth’s crust as it is basically
just sand. [U.S., 2005] Highly refined silicon isostly used for the production of micro-
processors (chips). Semi-conductors however reguimigh level of purity, 99.999999999%, and
it takes a lot of energy to achieve this purityicBn for the production of solar cells on the athe
hand does not necessarily require this high lef/pluaty, 99.9999% is sufficient. [Kawamoto &
Okuwada, 2007]

Worldwide a lot of research is being done to deteenthe allowable levels of impurities for
SoG-Si in order to lower the cost of producingcsili. Considering about 50% of the current
costs of a PV module can be attributed to the Ipigitity silicon wafers, [ECN, 2008a] solar cell
manufacturers are very interested in low-cost vgafer

Figure 3.5: Solar Grade Silicon material example
Sourcehttp://www.greentechmedia.com/articles/ae-polysitito-start-construction-457.html

The phase of development of SoG-Si is the takelodfse, as the worldwide production of SoG-
Si is still very small, with a fairly small demand.

2 Further information on the current state of sglade silicon research and production in Japarbedound in
Appendix I.
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Pre-development
Figure 3.6: Phase of development of Solar Grade Silicon

3.3.2 Silicon-based solar cell technologies

Crystalline silicon solar cells (c-Si)

Crystalline Solar Cells are the most well-knownasatells, and also the most well researched.
Nearly all of the solar cells that are currentlynigeproduced are of this type. They hold 90% of
the total market. Due to their high efficiency aharability they are considered very well suited

for roof applications.

Compared to the other technologies crystallineailihas a high efficiency. The main problem

lies in its relatively high silicon usage. Othechiaologies which use less silicon or no silicon at
all are therefore becoming more attractive nowadslgsst of the current research into crystalline

silicon solar cells is ‘applied’ instead of ‘basic’

v
f
’
’
Fil II

Figure 3.7: crystalline silicon solar cell example
Sourcehttp://www.kyocerasolar.com/products/mygen.html

World-wide the demand of this type of solar celbrsthe rise, making the phase of development
‘diffusion’.
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Figure 3.8: Phase of development of crystalline silicon sckils

Thin-film silicon solar cells (tf-Si)

Considered the second generation solar cell, fhimsilicon solar cells were created with aim of
reducing the amount of silicon that goes into esclar cell. Current products are becoming
increasingly thin, up to 18Dthe thickness of conventional crystalline silicamlar cells. [ECN,
2008b] Their market share is growing, as ready-npadduction lines become available.

The main research goal in the PV industry is to emadar cells cheaper by using less silicon and
increasing the efficiency. Current research focusesmaking the wafers stronger as waver
breakage due to thinner wavers is a big problemdirrers are creating unique applications such
as see-through solar cells for in windows, and bble solar cells which can be used in
consumer products and on curving roofs.

Figure 3.9: thin-film silicon solar cells example
Source http://www.fujielectric.co.jp/eng/news/2005/0508250ml

World-wide the demand of this type of solar celeiploding, making the phase of development
‘diffusion’.
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Figure 3.10: Phase of development of thin-film silicon solalixe

Stacked silicon solar cells

Stacked cells consist of multiple layers of differéypes of silicon. The most common variant
consist of multi-junctions, like stacking multiptain-film solar cells on top of each other. In
general, each of these junctions is sensitivediffarent part of the solar spectrum, allowing the
solar cell to absorb a wider range of Solar Ene&pyme of the highest efficiencies have been
achieved by triple-junction solar cells. Currensaarch is aimed at determining the optimum
structure of the solar cell. Right now the struettiat is used differs per research institute or
company. The most common structure is those withjtmctions called ‘Tandem’ or ‘Hybrid®

Figure 3.11: Stacked solar cells example
Sourcehttp://www.gizmag.com/new-technology-promises-safalt-efficiency-boost/8339/

Stacked solar cells only recently entered the ntakd production and sales are still very limited
making the phase of development ‘take off’.

3 The basic structure of Sanyo’s HIT solar cell$edif however they have also been placed in thiegoay as they
consist of multiple layers of silicon-type materidlT solar cells consist of a layer of crystallsibcon flanked by
layers of polycrystalline silicon.
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Figure 3.12: Phase of development of stacked silicon solas cell

3.3.3 CIS technology

Copper Indium di-Selenide/di-Sulfide (CIS) soldtsce

CIS is the first technology we discuss here thasdwot incorporate silicon materials. ‘CIS’ is an
abbreviation of the component of the solar cell atahds for Copper Indium di-Selenide/di-
Sulfide!* There are not many manufacturers of CIS solas et as it has only recently started
to be commercialized. Since April 2003, the firdopproduction for large area thin film solar
modules based on CulnS2 (CIS) is under construdghoBerlin. [Meyer et al., 2004] Many
companies are in the process of up-scaling thsiritstallation into full production.

Current research aims at increasing the converditeiency, as it can not yet compete with the
silicon-based technologies, and determining thenagdtcomposition of the solar cells. [Powalla,
2008] The goals are to achieve 15% efficiency astdbdish robust manufacturing processes.
[Kushiya, 2008b] The main problem lies currenthyttwihe switch from cell to module, which
entails high loss of efficiency.

Figure 3.13:CIS solar cell cross-section
Sourcehttp://www.pvresources.com/en/technologies.php

CIS solar cells only recently entered the market,rapid diffusion yet, making the phase of
development ‘take off’ moving towards ‘diffusion’.

4 The more complete term would be: Copper-indiuntilgaldiselinide/disulphide (CIGSS)
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Figure 3.14:Phase of development of CIS solar cells

3.3.4 Organic solar cell technologies

Organic solar cells in general can be divided itwo types; dye-sensitized cells and organic
cells. These organic cells can have either a lovhigh molecular weight. Those with high
molecular weight are polymers. [Yoshikawa, 2008]

Dye-sensitized solar cells

Dye-sensitized cells (DSC) use chemical dyes tducaghe light and convert it into electricity.
DSC solar cells are based on the ‘Graetzel Soldr Wieich was created in 1991. However the
first commercial products using sensitized oxidesanly expected to appear in 2008 when the
initial patents will expire. [Stroeks, 2006]

Dye-sensitized cells (DSC) are very cheap to predut takes only 1/3 to 1/5 cost of
conventional solar cell production. This is due the production process which uses low
temperatures (500 C) and no vacuum. [Arakawa, 200&] main problems now are long-term
stability and the sealing of the material to prévexidation. Dye-sensitized solar cells can be
used flexibly and can be made in many differenbard. However different colours result in
different efficiency levels since different partsthe light spectrum are absorbed. Black is the
best since it absorbs all the light. A white dyd vasult in no power at all. [Arakawa, 2008]

Large scale commercial production of DSC solarscsllexpected to start this year however this
is only for consumer products, not for power aggiimns.

' i \_‘_ = " : =¥ ia
Figure 3.15:dye-sensitized solar cell example
Source http://www.takeawayfestival.com/files/image/solamngl-new-zealand.jpg
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Looking at the rooftop applications for DSC solatls, a prototype supposedly exists but is not
on the market. Currently no plans have been anreslifar a test production facility or anything
similar. For this reason we determine the phasewvélopment of dye-sensitized solar cells to be
pre-development.

Stabilization

Pre-development

Figure 3.16: Phase of development of dye-sensitized solar cells

Polymer solar cells

Polymer solar cells, also known as ‘plastic solaelis use conducting polymer materials to
produce electricity. Polymer solar cells consistspkcial plastic composites which produce
electricity when light falls on them. This techngjois only its early infancy [ECN, 2008c]
however the research is progressing rapidly. In62@Be conversion efficiency of the most
efficient polymer solar cell was 4-5%. Five yeaefdoe, it was less than 1%. [JSP, 2006]
Current research focuses on finding new materiatk immproving the structure of the polymer
solar cells. There are also stability issues wimebld to be resolved, to ensure sufficiently long
lifetimes for practical use. [ECN, 2008c]

Figure 3.17:polymer solar cell example
Source: [Kanou, 2008]
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As research into polymer solar cells for use in @oapplications is only in an early stage of
development, we determine the phase of developofehe technology to be ‘predevelopment’.

Figure 3.18: Phase of development of polymer solar cells
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4. Functions of Innovation Systems Analysis

In this chapter we give an analysis of the inn@rasystems of the six selected types of solar
cells; crystalline silicon solar cells, thin-filmlison solar cells, stacked silicon solar cellsSCI
solar cells, dye-sensitized solar cells and polyswar cells. We will begin this analysis with a
snapshot of the structure of the PV TSIS in Japarobking at the actors involved in the
research, development and diffusion of the tectgieto After this we will evaluate for each
technology to what extent the functions have besiiléd. We will discuss each of the seven
function in turn, where we will focus as much asgible on the differences per innovation. At
the end of this chapter we will determine the @xise of virtuous and vicious cycles within the
PV industry in general and for each innovation safedy, focusing on the main promoting and
limiting factors of PV development and diffusionJapan.

4.1 Structure of the Japanese PV IS

This section will describe the structure of the %I the 6 selected PV technologies in Japan,
namely: crystalline silicon solar cells, thin-filsilicon solar cells, stacked silicon solar cell$SC
solar cells, dye-sensitized solar cells and polyswdar cells. We will use a division into 5 parts;
government system, supply, demand, intermediaaies knowledge infrastructure.

4.1.1 Government system

The national government’s energy policy is execuigdhe Ministry of Economy, Trade and
Industry (METI). The Agency for Natural ResourcesdaEnergy (ANRE) within METI is
responsible for maintaining a stable energy sugplythermore there are two institutes related to
METI that perform specific functions for the PV t@mc The National Institute of Advanced
Industrial Science and Technology (AIST) is theioral research institute, of which the
‘Research Center for Photovoltaicdes research into practically all types of PV tmtbgies.
The New Energy and Industrial Technology Developim@rganization (NEDO) is the main
subsidy provider of the government, for the most pesearch subsidies. It has several projects
dedicated to PV research, development and disséonna

Two other ministries that are involved in PV resbaand dissemination are the Ministry of
Education, Culture, Sports, Science and Technol@g§XT) and the Ministry of the
Environment (MoE). MEXT finances research proje@sd has a collaborative program to
promote the use of solar installations in schootseducational purposes. The Ministry of the
Environment started the ‘Solar Promotion Programragdackage of several projects to advance
countermeasures against global warming, includirggetdnination programmes within each
project to promote the introduction of PV systeff/PS, 2006]

The New Energy Foundation (NEF) is focused on ntarkeoduction and was responsible for
the market subsidy program, called the ResideBlisdemination Program. It currently enforces
market-oriented projects such as the Field TegePtoon New Photovoltaic Power Generation
Technology [RTS, 2008] which is subsidized by tg/fNEDO.

Regarding local governments, the Metropolis of Twkys formulated an “Action program for
Tokyo toward 10 years later” which includes a glirde for the installation of residential PV
systems to 40,000 households. [RTS folder] Furtibeemover 319 communities provided a
subsidy or preferential loan program for the idatadn of PV systems in 2006. [Ikki &
Matsubara, 2007]
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4.1.2 Demand

Most of the PV solar cells systems in Japan ard smhome ownersOver 80% of installed
capacity lies in the residential market. [JPEA, &0There are also an increasing number of
companiesvho are interested in PV. Seibu Railway is instgllPV systems into several of its
stations, as is Sagawa Express. Other companieadtad PV to their buildings or installations
in 2006 include: Kirin Brewery, Toyota Motor, Aeo8giyu and Asahi Shokuhin. [RTS, 2008]
Also, nearly all PV manufacturers include themhait own offices and factories.

Thedistribution of PV systems is undertaken by a large numbepwoipanies, including Sekisui
Chemical and Itochu. [RTS, 2008] In 2006, as masyY 886 establishments were registered as
system dealers and participated in NEF's projecptomote residential PV systems, these
include: remodelling companies, construction congg@and architectural design firms, roofing
companies, and electric work contractors. [JPE®G2Moor-to-door sales by PV system dealers
have increased greatly since 2001. [JPEA, 2006]

Many housing companiessuch as Misawa Homes, Daiwa House Industry, Pam&Ho
Corporation and Sumitomo Forestry are integratingifto their homes. [RTS, 2008] Most of
these companies sell prefabricated houses andf&wetegrated roofing as one of their options.

4.1.3 Intermediaries

The Japanese PV branch organization, the JPEA da®vmarketing information, promotes
collaboration between actors in the system and nisinaportant speaking partner for the
government. It co-organizes events such as the ¥ Eo allow manufacturers and suppliers to
meet and exchange contact details. There are me haell-known customer organizations,
financial institutions or training institutes sp&iced in PV.

4.1.4 Supply
The following companies are manufacturing solalscahd modules.

Silicon solar cell manufacturers:

Fuji Electric Systemss part of the Fuji Electric Group and started nfanture of solar cells in
2006. It fabricates bendable thin-film silicon sotells for use as non-straight roofing material
and other curbing objects. Fuji Electric will starbduction of bendable solar cells worked into
tent-cloth soon, and other applications are expedte the near future. The company is
researching stacked solar cells.

Hitachi produces bifacial single crystalline silicon sotall. It is focusing on improving the
conversion efficiency of this type of cell (16.3% the front, 15% at the back). Current
production capacity is 10MW/year. [RTS, 2008] Hoerethe company has recently agreed to
sell its technology to the Space Energy Corporat{8&C). [REW, 2008] Research and
production activities are therefore expected tocbatinued by SEC. Hitachi has reportedly
developed dye-sensitized solar cells which it hi&hmed to commercialize in 2005. [Jager-
Waldau, 2007]

Kaneka is well-known world-wide for its thin-film siliconresearch. It started commercial
production of thin-film silicon modules in 1999 wi20 MW/year, which has increased to 55
MW/year by 2007. The company has announced a daubfiits PV module production capacity
to 130MW/year by 2010. [Kaneka, 2007; RTS, 2008&jtdrted overseas sales in 2001, as well as
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moved into Tandem research. It has recently deeel@12% Hybrid module which it indicates
it will put on the market in the near future. [K&ae 2008] Kaneka is focusing heavily on the
foreign market, and it plans to expand the listaftract processing companies overseas for final
products. [RTS, 2008]

Kyocerafocuses solely on crystalline silicon solar celtgoroduced 240 MW/year in 2007 and
will increase its solar cell production in FY201® 500MW/year, approximately twice as much
as the current production volume. [Kaizuka, 200B¢ Tompany is very interested in the world
market and will produce modules at 4 sites arotsednatorld. [RTS, 2008] However the company
focuses most of its attention on the developinghtees. [Jager-Waldau, 2007]

Mitsubishi Electric Companlyas achieved an 18.6% conversion efficiency ahiti-crystalline
solar cells by employing a honeycomb texture stmgctto reduce surface reflectivity. The
company plans to put it into mass-production by228IMEC, 2008] It expects a 30% increase
in global shipment volume for FY2008 and invest pieepare for this. Mitsubishi Electric
produced 150 MW in 2007, and aims to increasetthB00 MW/year by 2012. [Kaizuka, 2008;
MEC, 2008b; ME, 2008]

Mitsubishi Heavy Industries (MHIljke Mitsubishi Electric Company, is a subsidiarf the
Mitsubishi Group, however it focuses on a differgme of solar cell. MHI produces thin-film
silicon solar cells since 2002. [Jager-Waldau, 20@611 started production of Tandem solar
cells due to the efficiency gains over thin filmicgin solar cells. [Yamauchi, 2008] Its first
modules entered the market in April 2008. [Hirshjma@08] The company has also started
installing PV systems at all its plants. [RTS, 2008

Sanyo Electrichas produced HIT modules (stacked solar cells)esib@97, before that the
company was working on thin-film silicon solar sel[Jager-Waldau, 2007] The company is in
the process of improving its HIT technology. HowewvdIT does not reduce the company’s
dependence on silicofi.[Maycock, 2005] Sanyo Electric released a plarestablish a new
“Advanced Photovoltaics Development Center” to potenthe development of next-generation
thin-film silicon PV module. [RTS, 2008]

Sharp Corporatioris the largest PV manufacturing company in Japad, until recently in the
world, its current annual production capacity fatas cells is 720 MW/year (2007) [Sharp,
2008a]. It has the largest range of solar cell syp€ all the other companies as it produces
crystalline silicon solar cells, thin-film silicosolar cells, stacked solar cells and GaAs, and is
researching dye-sensitized and polymer solar cells.

The company started to develop solar cells in 1&8® succeeded in mass-producing them in
1963. It is the only Japanese producer to credée sells for space application. Lightweight and
flexible multi-junction cells have been developed the next generation space solar cell (with
the Japanese space agency JAXA). [RTS, 2008] Timpany also recently developed a triple-
layered thin-film silicon solar cells with a higloroversion efficiency of 13% [RTS, 2008], as
well as a PV module using DSC with the world’s @ghconversion efficiency. [RTS, 2008]

'3 For further explanation of the technological psxdMEC, 2008]
® Though HIT modules fall under the stacked silisofar cell category, they are the only type in tagegory to
not reduce silicon dependence as they have a ¢tdyeystalline silicon as base.
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Their recent new products include: a new large &rthin-film polycrystalline solar cells since
September 2005, a newly developed thin-film silictendem cell, a see-through PV module
which can act as a lamp at night called ‘Lumiwallid a new triple-junction GaAs solar cell
which will go into production in May 2007. [Jageraldlau, 2007]

They started production of Tandem solar cells i026@r use as facades, see-through roofing
material and rooftops. [Sharp, 2008b] And have anoed the construction of a 1GW thin-film
silicon solar cell plant in Sakai City in Japangeoof the largest in its kind and will cost 100
billion yen [Sharp, 2008a].

CIS solar cell manufacturers:

Honda Soltec Co. Ltchas only recently entered the PV market. Theit fastory in Kumamoto
opened its doors in November 2007 and is expeotsthtt with a production of 27.5 MW/year at
the end of 2008. [Prent & Stroeks, 2008] This i tbmpany’s first entrance into the PV market
and initially it will focus solely on the Japanasarket. What sets this company apatrt is that they
are the only company to not have developed theidywst in a government sponsored NEDO
research project.

Showa Shelstarted production of CIS solar cells for use ooftaps in May 2007 and as such
was the first Japanese company to put CIS-type sells onto the market. [Jager-Waldau, 2007]
It is currently planning to expand its producti@mn the domestic market by building a new plant.
Most of its sales are currently going abrodle company plans to ramp up its current production
capacity of 20MW/year to 1GW by 2011. [Doe, 2008]

Organic solar cell manufacturers

Peccell Technologies In¢s a small spin-off company from Toin University Yokohama and
will be the first Japanese company to put dye-sieesl solar cells onto the market. It will start
production of dye-sensitized solar cells for uséFad-rechargers by the end of 2008. [Prent &
Stroeks, 2008]

Other manufacturing companies

There are a fairly large number of companies whighresearching DSC but have yet to indicate
their intent to start production. These includehbsetnall companies such as Chemicrea Inc.
(chemical company), and large companies such gi&kuFa, Nippon Sheet Glass Co., Nippon
Steel Chemical Co., Ltd., Toyo Seikan Kaisha, (tontainer and package company), Koa Corp.
(electronic parts manufacturer), and Hodogaya Cban@o., Ltd.

4.1.5 Knowledge infrastructure
The following companies, universities and reseamstitutes are investigating solar cells.

Crystalline siliconhas a large research base. However the resedagpiged’ instead of ‘basic’
and therefore more research is performed by thge laranufacturing companies, sometimes in
collaboration with manufacturing equipment compani@he main organizations that are
performing research into crystalline silicon ardSA (national research institute), Mitsubishi
Electric (PV manufacturer), Kyocera (PV manufactyrélitachi (PV manufacturer) and Sharp
Corp. (PV manufacturer). [RTS, 2008]

The list of current participants in NEDQO'’s ultrathgrystalline silicon solar cells projects consist,

36



for the most part, of these companies (Mitsubiskictic, Kyocera, Hitachi, Sharp), many
research institutes (AIST, PVTEC, Tokyo InstituteTechnology, Toyo Advanced Technologies
Co. Ltd., Tohoku University, Okayama University, ypta Technological Institute, Kyushu
University and Meiji University) and companies puethg manufacturing equipment (Daiichi
Kiden and Nippei Toyama). [NEDO, 2008]

Research intthin-film siliconis a very ‘hot topic’ and as such many companmgsiastitutes are
investigating this technology. One of the main agsk institutes researching this technology is
Osaka University. The current participants in NEEMDh-film silicon PV projects are: Sanyo
Electric, Kaneka Corp., Mitsubishi Heavy Industyi€slji Electric Advanced Technology Co.,
Ltd. (R&D company of Fuji Electric Systems), AISmdaNagoya University. [NEDO, 2008]

The main companies researchstgcked solar cellare those that are also researching the thin-
film silicon solar cells. The main researchers @barp, Kaneka, Sanyo Electric, Mitsubishi
Heavy Industries (MHI), Fuji Electric Systems anakyo Institute of Technology.

The main two companies involved i6IS research are Showa Shell and Honda Soltec.
Matsushita Ecology Systems, now called PanasomlE,recently stopped its research activities
into this technology. Participants in NEDO’s ClSjects are: Tokyo Institute of Technology,
Showa Shell, AIST, Tsukuba University, Kagoshimavdrsity and Aoyama Gakuin University.
[NEDO, 2008]

A large variety of companies is involved DSC research, Fujikura is one of the most well
known. Sharp Corp. is one of the only companied thaalready in the PV industry. A

surprisingly large variety of companies have sthiisSC research: Chemicrea Inc. (chemical
company), Toyo Seikan Kaisha, Ltd. (container aadkpge company), Kansai Pipe Industries,
Ltd. (metal processing company), Nippon Sheet G@ss Nippon Steel Chemical Co., Ltd.,

Shinshu University, Koa Corp. (electronic parts ofanturer) and Hodogaya Chemical Co., Ltd.
[NEDO, 2008] Even the Centre Research InstituteEtdctric Power Industry (CRIEPI) is

involved.

Other research institutes that participate in NEDOSC projects are: Tokyo University of
Science, Fujikura Ltd., National Institute of Adead Industrial Science and Technology
(AIST), Gifu University, Graduate School of Kyushustitute of Technology, Sekisui Jushi
Technical Research Corp. (affiliated to a resin pany), Kyushu Institute of Technology, and
Osaka University. [NEDO, 2008; Tanaka, 2007]

Research intgpolymer solar cellgs still in the basic research phase. The cunpanticipants in
NEDO'’s thin-film organic projects are: AIST, Mats$uis Electric Works, Kanazawa University,
Komatsu Seiren Co. Ltd. (a fabrics company), Nagogtitute of Technology, Kyoto University
and Nippon Oil Corporation (an oil company). [NEDZDOS]
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4.2 Function 1: Entrepreneurial activities

Entrepreneurs are crucial actors in the innovatimtem as they are the ones to translate research
results into marketable products. As mentioned rfeef@ntrepreneurs exist in two forms.
Entrepreneurs can be new entrants that see opp@sunn new markets, or incumbent
companies who diversify their business to take athge of new developments. While the first
one is more common in Europe, the second one igspr@ad in Japan. When looking at
entrepreneurial activities in Japan it is therefbest to look at what the incumbent firms are
doing.

4.2.1 Type of entrepreneurs

Though the Japanese PV production is enormousaosigall number of companies are involved
in production. Japan produces about 26% of theesniorld’'s PV (2007) and Japanese solar cell
manufacturers occupy 3 out of the 5 top five rarfidgatanabe, 2007; Marketbuzz, 2008] In
2006, 10 companies were listed as PV cell/modulauftagturers, namely: Sharp, Kyocera,
Sanyo Electric, Mitsubishi Electric, Mitsubishi Hgalndustries (MHI), Kaneka, Hitachi, Fuji
Electric Systems, Honda Motor and FujiPream/Cleative 21 (CV21Y. [Ikki & Matsubara,
2007]

Nearly all of these companies are part of largeugs’, such as the Mitsubishi Group, Kyocera
Group and Hitachi Group. Ever since the industralon period, Japan’s industry has been
governed by large conglomerates. These consomidanageneral very conservative since they
already have big production lines. If they wouldtide to change their production suddenly this
would cost them a lot of moneilowever most companies have shown definite willegmto
research and/or develop new technologies.

There appears to be a connection between the teegiaf the group company and the type of
solar cells that are being produced. In generalsiheon solar cell manufacturers come from
groups who had invested in electronic equipmentufesnturing. The CIS manufacturers, Honda
Soltec and Showa Shell, stem from a car producgraaninternational oil concern, respectively.
DSC solar cells are mainly investigated by compafriem the chemical industry. These are also
the only types of cell where small companies and start-ups (such as Peccel Inc.) are involved
in research and development.

4.2.2 Activities

An overview of the entrepreneurs and their actegitwas given in paragraph 4.1. Based on the
information in this paragraph we make three obsmma. First of, the Japanese companies are
very active. Nearly all companies have announcegklaroduction expansions, some up to three
times their current production amount. Secondlygriyeall companies are focusing on foreign
markets. In fact, Honda Soltec is the only manufi@eyy company to concentrate solely on the
domestic market. Thirdly, the companies appearttably specialized in one particular area, as
can be seen from the table below. Only a few comgsaare researching or producing multiple
types of solar cells. Most of these are the onasgdboth thin-film silicon and stacked silicon
solar cell research.

17 Ccv 21 focuses on spherical silicon solar cellsohis not one of our selected PV technologies. Ush shis
company and its activities will not be part of @umalysis of entrepreneurial activities. Nevertheleeme
information on this company and its technology barfound in Appendix Il (paragraph 4.1.1).
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Company c-Si tf-Si stacked CIS DSC polymer
Fuji R&D R&D
Electric Production
Hitachi R&D R&D
Production
Honda R&D
Soltec Production
Kaneka R&D R&D
Production | Production
soon (Tandem)
Kyocera R&D
Production
Mitsubishi | R&D
Electric Production
Mitsubishi R&D R&D
Heavy Production | Production
(MHI) (Tandem)
Peccell R&D
Production
Sanyo R&D R&D
Electric Production | Production
(HIT)
Sharp R&D R&D R&D R&D R&D
Production Production
(Tandem)
Showa R&D
Shell Production

Table 3.1:Overview of Japanese PV manufacturers per techpolog

‘R&D’ incorporates research, development and prgpihg activities, which are difficult to distinghisndividually.
‘Production’ encompasses both niche and large-sosdeket introduction.

4.2.3 Per technology

The market forcrystalline siliconsolar cells is by now fairly established and higbdynpetitive,
there are no companies in Japan starting crystadliicon production. Companies need a high
amount of start-up capital in order to buy the ssaey equipment. Production ofystalline
silicon solar cells is in the hands of. Mitsubishi ElestrKyocera, Sharp and Hitachi. [RTS,
2008] As part of a group these have that capitallavie. However the main Groups are already
in this market and have already established tharkaet and network. Japan is infamous for its
close networks, which it is difficult to get ints an outsider.

Of the four companies involved, one has decideddl its activities (Hitachi) and one is
focusing increasingly on its thin-film activitieSlttarp), showing a clear reduced interest from
entrepreneurs in this innovation. However the reimgitwo companies (Mitsubishi Electric and
Kyocera) show dedication and have announced prmsueixpansions of up to 3 times their
current production volume.

Worldwide many companies have recently startedhmthin-film silicon branch. The most

mentioned reasons for this are the silicon shortage the ease with which one can start. The
silicon shortage makes thin-film silicon interesgtias it uses far less silicon then crystalline-
silicon solar cells. Furthermore, many of the cotidalso have an electric appliances division
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and produce TFT. As the technology is very simiiiais easier for these companies to move to
the production thin-film silicon solar cells. Algguipment manufacturers are making good profit
from selling manufacturing equipment for flat padedplays and LCD etc, and now want to sell
their products to PV manufacturers. [JPEA, 2088]such, tf-Si solar cell production equipment
is readily available.

However in Japan, only one company has recentiyestgroduction of thin-film silicon for the
first time: Fuji Electric. The most likely reasownrfthis lack of new entrants is the highly
competitive Japanese domestic PV market.

The technology behindtacked solar cellbuilds on the basics of thin-film silicon prodwsti
technology. As such it is easier for tf-siliconaotell producers to start manufacture of this type
of solar cell. Their higher efficiency as compatedhin-film silicon solar cells makes them very
attractive to tf-Si solar cells manufacturers.sltherefore no surprise that the main stacked cell
companies (Fuji Electric, Kaneka, MHI, Sanyo, Shatpme from the thin-film silicon solar cell
branch (Fuji Electric, Kaneka, MHI, Sanyo).

Sharp is the only company who ‘skipped’ the thimfisilicon stage and went straight into
Tandem solar cell production in 2004, which, acoaydo Sharp, was due to limited sales. “We
started production of thin-film silicon solar ceils 1980 for use in calculators however we
stopped production fairly quickly. The efficiency the cells wasn’t high enough so sales were
not very good. Afterwards we researched thin-fillicen for a very long time in order to raise
the efficiency. In 2005 we started production ohd@m solar cells.” [Sharp, 2008b]

The companies are very active and many of the carepare expecting to put their products on
the market in the near future. Only Sanyo Electkitjl and Sharp are currently producing
stacked solar cells, with MHI reportedly startingyoa few months ago (October 2007).

There are only twdCIS manufacturing companies in Japan; Showa Shell Hoda Soltec.
Matsushita was until recently involved but has almsred CIS development. Showa Shell and
Honda have both only recently entered the marketthay are also the only companies in Japan
actively doing research into CIS. While large compa such as Sharp and Hitachi are also doing
research into organic solar cell technologies, thieynot doing any CIS research. This is most
likely a combination of three factors. First of, Riofessor Kushiya from Showa Shell stated; “it
is expensive to do research into CIS”. [Kushiya &{0Secondly, there are concerns about the
Indium supply which most likely makes those jusalde with a silicon shortage nervous. And
thirdly, the production of silicon is expected taciease by 2009-2010 making the need to
develop a technology which differs from the trietddested semi-conductor and TFT
technologies not so urgent.

Dye-sensitized solar cellare the only solar cells where both small anddargmpanies are
involved. As explained by Professor Arakawa; “Mofkthe current research is being done by big
companies which are already in the business. Theyecfrom the electronic appliances sector.
DSC is based on the chemical industry. In otherd@orDSC can create new business
opportunities.” [Arakawa] This can also be seerth®ylarge variety of companies that are doing
research into DSC.

However there appears to be some problem in th8 @Smany small companies have reportedly
stopped researching DSC. “3 to 4 years ago aboubbi{panies were involved in DSC research.
However some have now left since their research weasuccessful. Others have successfully
adapted and are continuing their research.” [Yash& 2008] as Professor Yoshikawa explains,
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which he says is because “many parts of the prooessled to be investigated; technology
development, materials, devices, applications.ds & bit too much for the smaller companies.
The groups have an established knowledge base wgicbcessary in order to perform all the
research. Sharp has about 20 researchers for D8(awpmers.” [Yoshikawa, 2008; JPEA,
2008]

Polymer solar cellsare not considered ready enough to be used immtmdéet. Though the
research into polymer solar cells is mostly basgearch, which is usually the field of academic
research, some companies such as Sharp are noves¢srching this type of cell. Sharp aims to
produce a product incorporating plastic solar aell$0 years. [Sharp, 2008b]

4.2.4 Conclusion

The current production of solar cells in Japanoistlled by companies which are part of large

group companies. The exception are organic PV grEneurs which are mostly small companies

entering the PV market for the first time. Nearly @mpanies have announced production
expansions and are focusing on foreign marketst idothe current entrepreneurs focus on one
or two PV technologies, where the most overlapeisveen thin-film silicon and stacked silicon
manufacturers.

* Incumbent companies are less interestedhystalline silicondue to the silicon shortage. The
volatile market makes it difficult for new compasit® enter.

« Interest inthin-film silicon and stacked siliconsolar cells is increasing due to the silicon
shortage and the ease with which one can start.

* Interest instacked silicons especially high due to their higher efficierscidaan thin-film
silicon solar cells and the overlap in technologshwf-Si.

* CISis not as popular with new and incumbent compaasethe thin-film silicon and organic
solar cells. This is mostly due to the potentialjpems with the Indium supply, the high costs
associated with researching this technology, aadabt the technology is very different from
the ‘tried-and-tested’ silicon technologies.

« DSCis very popular as it is cheap to do research thie type of cell and many small
companies from a variety of backgrounds are erdd?ii research. Small DSC entrepreneurs
appear to have difficulty in gathering sufficieimancial means, while the larger companies
seem unaffected.

* Interest from incumbent and new companiepatymersolar cells is still fairly small as it is
still in an early stage of development.
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4.3 Function 2: Knowledge development

The development of new knowledge, or learningseeatial for the creation of new innovations,
and as such is a key process in the innovatioesysAs mentioned before four types of learning
processes were distinguished; learning by search@&agning by doing, learning by using and
learning by interacting. Of these the first thredl uinder ‘knowledge development’. In this
section we will look at each of the three processéarn, after which we will look at the specific
difference between the different types of cells.e Tlourth type of learning, learning by
interacting, is part of the function knowledge dgfon and will be discussed in the next section.

4.3.1 Learning by searching

Japan is one of the countries in the world thatsdbe most R&D into PV. [PVPS, 2007] The
country has been researching solar cells sinc&timshine Project was initiated about 30 years
ago, and has established quite a reputation fét\itsesearch. Many respondents have stated that
Japan’s knowledge base is very good, and is orikeothings that puts Japan on the world PV
map, as professor Kurokawa nicely illustrates “dapas nothing but human resources. PV is
created from technology, which means that if weeh@good technology, we can produce energy
and export the technology to make money. The gowent is always talking about creating a
knowledge society.” [Kurokawa, 2008]

A large portion of solar cell R&D is done in compzs1 The main PV companies are all large
consortia who each have their own research cehti@ugh most of this research is applied a fair
number of respondents have indicated that the R&Ebmpanies includes basic research and is
usually better than that in Universities.

A large part of solar cell research is funded tigtothe government-sponsored NEDO projects.
Any university, company or group of companies candsin a research proposal for subsidy.
These projects are both aimed at basic as wellppbed research. In fact, Honda Soltec is
currently the only PV manufacturing company that dot develop its main product within a
NEDO project [Tanaka, 2007]. However the currentegament plan is to shift the focus of R&D
as is stated in the PV 2030 Roadmap. “The actsitiethe national government will focus on
high-risk R&D that is required for development oheegy supply technology and on
establishment of the highly public fundamental testhgical infrastructure. Responsibility for
R&D closer to practical applications will be gratlyashifted to the industrial sector.” [NEDO,
2004]

4.3.2 Learning by doing

The Japanese silicon companies have been prodsaiagcells for rooftop applications for more
than 15 years. In this time manufacturers of sokdts have gained much experience with
production processes. Part of this stems from thetry’s large knowledge base as is explained
by Mister Ookifrom ULVAC, “R&D into PV started in Japan 30 yeago as part of a national
program. So at the moment there are many spesialistapan. In China, Taiwan and Korea they
don’'t know the process so they need to be taudhti’VAC, 2008] This is not limited to
theoretical knowledge but also ‘know-how’ (learnibg doing). “In ULVAC you have install-
workers who install the machines at client’s faig®r|...] In Japan install workers are finished in
1 to 2 months. In China, Taiwan and Korea they havstay up to 1 or 2 years!” [ULVAC,
2008]

That ‘learning by doing’ processes have taken ptage also be seen from the large production
cost reductions that have been achieved. The sypteza per kW dropped over 80%, from
3,700,000yen/kW in 1993 to 680,000yen/kW in 200@afanabe, 2007]
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This analysis naturally does not count for CISC4S solar cells have only recently entered the
market. These cells show great potential to achiexge cost-reductions [Iken, 2004] however

there is some problem with ‘learning by doing’ tors type of cell as there are currently only a

few research institutes which can actually fabadatS cells. [Kushiya, 2008a; Imoto, 2008] The

most likely cause is the high cost of the requivaduum equipment. “Vacuum chambers and
multisource sputtering guns are expensive, espedalthe large process areas desired for solar
panels.” [Derbyshire, 2008] This restriction coupleith the fact that large scale production has
started only recently, makes ’learning by doingteutly quite difficult for CIS.

In contrast, learning by doing processes for organlar cells appear to be going strong. Despite
the fact organic solar cells are not in productyen, any research group can fabricate the cells.
Also, samples can already be obtained from manyotf all of the companies and research

institutes.

4.3.3 Learning by using

Japan currently has one of the largest marketeanmorld which is enabling many learning by
using activities. Next to gathering knowledge frbasic and applied research and the production
of solar cells, it is also important for companieget feedback on the actual performance of the
system from end-users. A category of NEDO projdws clearly provides these types of learning
by using opportunities are the ‘Field Test Projedtee first of which was initiated in 1998 [IKki
& Matsubara, 2007]. The objectives of these prgjece:

» Collection and dissemination of operational data

» Cost reduction

e Standardization of new type PV systems

e Demonstration of new type PV systems

The Field Test projects are beneficial for manufaog companies as they allow for user
feedback. In the Field Test projects half the ihtian costs of innovative modules and/or
systems is reimbursed in exchange for feedback freens including performance evaluation up
to 4 years which is released to the public. [NERQQ7; Ikki & Matsubara, 2007] Furthermore,
installers, project developers and end-users ggoereence with the system. And the set-up of
the projects encourages companies to experimehtthvitir products in different settings while
simultaneously providing feedback on their operatibhe field test projects have been quite
successful, from 1998 to 2002, 740 PV systems wetalled in industrial facilities under the
program, for a total of 18,100kW. Other accomplisis include large reductions in the costs of
PV systems. [Ikki & Matsubara, 2007]

However there are potentially inhibiting factorsgood ‘learning by using’ processes. First of,
not all the gathered data is made public, thougbsaarcher or company can be allowed access
based on their purpose on a case-by-case settingtd, 2008] Also, as the data is officially
owned by NEDO, other parties may not be alloweds® it for promotional purposes or product
improvement. [Suntech/MSK, 2008] Furthermore, ibd be noted that the subsidy is only
valid for power applications and specific markéts.such organic solar cells, which can not yet
be used in these types of applications can noitgrom this scheme. Also, there is currently no
scheme for the residential market only for the stdal and public markets.
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4.3.4 Per technology

Japan has been researching and develapysgialline silicon solar cellsince before the start of
the sunshine project, over 30 years ago. Crystgalliicon solar cells are fairly advanced and as
such nearly all the research revolves around prodiemelopment, not basic research. However a
fair number of groups are still doing research iortgstalline silicon solar cells, as such learning
by searching is still going strong.

Crystalline silicon solar cells have also beenrnodpction for a long time which has led to large
cost reductions in production cost (learning byndpi And as the main type of cell being
produced they have benefited most from the Fiekl Peojects for learning by using.

Of all the PV technologies currently the most paepuesearch field ighin-film silicon solar cell,
and by extensiontacked solar cellsResearch into thin-film started in 1977 when seegcher
discovered possible new applications for amorphsilicson such as for TFT's and solar cells, as
such current research into TFT benefits tf-Si salalls, and vice versa. One of the first
applications for this type of cell was in solar myed calculators. Many respondents agree that
this was a good learning bed for working with teehinology (learning by using). Research in
this field is for a large part still basic reseaftarning by searching) however more and more
companies are switching from basic to applied netea

Thin-film silicon solar cells have been in prodoctifor quite some time. As such companies
have gained a lot of experience in producing tiim-&ilicon solar cells (learning by doing). As
thin-film and stacked solar cells have enteredntiaeket they are benefiting from the Field Test
Projects for opportunities to test their solar £e&hd gain experience with usage in a real-life
setting (learning by using).

While the silicon solar cells appear to be veryyapamong research groups, the same is not
true of CIS The number of research institutes doing reseatchCIS is fairly small. There are
only 2 companies currently doing research into (i6nda and Showa Shell), and a handful of
universities and research institutes. Both thesepamies are also not as large as their silicon
counterparts and are therefore most likely limitedheir research abilities. Professor Kushiya
from Showa Shell has indicated that the amouneséarch the company can do is limited since
it is still growing. [Kushiya, 2008a]

There are also some problems with the ‘learningding’ function, as mentioned before, as only
a few of the research institutes can fabricatescdlhis is most likely due to the costs of the
fabrication equipment which small groups can't edfdHowever there is some good news on the
horizon as there are indications that the governrains to incorporate all the groups into large
research centers. [Kushiya, 2008a] There is alsa g@ws regarding ‘learning by using’ as they
have started production they will be able to berfedim the Field Test Project.

There is a large variety of companies and insstuaigrrently doing research intwganic solar
cells (DSC and polymer solar celldylost of the research consists of basic researardar to
achieve rooftop applications and as such a sungfisilarge number of research institutes is
involved® However since the main problems with the orgaeitsdie in their stability, aiming
for power applications which require long term digb(up to 15 to 20 years for rooftops) will
require much research and a lot of time. [Araka@93]

Regarding learning by searching, many scientistswasrking on organic solar cells in order to

'8 For a list see paragraph 3.4.5 Knowledge infrasiine
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improve their efficiency, however the developmenturrently still in a small experimental stage
[JPEA, 2008]. As such they cannot yet profit frone tField Test Project (learning by using).

However, although the organic solar cells are ndull-scale production yet, DSC solar cells can
easily be made by all the research groups, andlearngn already be obtained from many of the
companies and research institutes. With this tlreygaining experience with producing these
types of cells which enables them to improve tleglpction process (learning by doing).

4.3.5 Conclusion

Japan is well-known for its solar cell researchalihis considered by most to be very strong. A
large part of the research is performed by compganieluding basic research. PV research is
funded through the government-sponsored NEDO piojediich include basic and applied
research. However this is expected to change talyrnossic research in the near future (learning
by searching).

Production of solar cells has been going strongofa@r 15 years in Japan and large production
cost reductions have been achieved indicating teatning by doing’ processes have taken
place.

Learning by using is promoted through the large estn and international market and the
NEDO Field Test Projects, in which market feedbaxcke form of operational data is gathered
and published. However the feedback is not perfect.

» Crystalline siliconresearch is mostly applied but is still going sgoft by s). Large
production cost decreases have been realizedd) bg it has been on the market for a very
long time (I by u).

* Thin-film siliconresearch is very popular (I by s). The cells hagenbin production for a
long time (I by d), first being used in calculat@irby u).

» Stacked silicorsolar cells are based on fundamental thin-filnihtetogy. The cells are only
recently going in production (I by d) and as suciii wenefit greatly from the current
international market growth and the Field Test get§ as many new panels and system
configurations can be investigated (I by u).

* CIS research is mostly performed by scattered resegmups and the two main
manufacturing companies (I by s). CIS show greémtaal for cost-reductions however there
are problems with learning by doing as not all aesle groups can fabricate cells, which is
related to the high costs of research mentionelieedrby d). However good news is on the
horizon as the small groups will be incorporatetb ifarge research centers. Similar to
stacked silicon solar cells CIS will profit from ethField Test projects and the current
international market growth for learning by usimggesses (I by u).

* Many companies and institutes are involve®BCandpolymerresearch (I by s). However it
will be some time before they are ready for powspligations due to stability issues. As such
learning by using processes for power applicatisnsot yet taking place (I by u). However
DSC (and polymer) cells are cheap to produce,ifatiilg learning by doing processes. Many
if not all of the companies and research institafés samples (I by d).
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4.4 Function 3: Knowledge diffusion

Following from the previous section we now lookledrning by interacting, which entails the
transfer of knowledge between different actors. W\thie large amount and variety of actors
within the innovation system, the exchange of kmalgke is very important. For this reason we
will first focus on collaborative efforts betweehet various actors, in particular between
manufacturers and research institutes. After thes will look at the presence of formalized

exchange methods such as journals and seminarsvilWend with an evaluation per type of

solar cell.

4.4.1 Collaboration

As a large portion of PV R&D is done in companiesowledge exchange between universities
and companies, and between companies, is espeamfigrtant. However it appears that
companies’ willingness to cooperate with othergeeslly competitors, depends to a large
extend on the phase of development of the typeetif tbey are working on. As the main
crystalline silicon and thin film silicon solar telare already fairly mature technologies there is
an overall decline in the willingness of manufaetsrto collaborate.

A good indication of this is the discontinuation BY TEC. PVTEC started as a collaborative
effort of PV producing companies, aimed at doinigtjoesearch. However starting this year it
has fallen in decline and will effectively vanigister Ishimura from PVTEC stated that the
main reason for this is that “PVTEC depends onstingport of its members which is currently
lacking. [...] Now, when the technologies are moredieped and there is more worldwide
competition, cooperation is less interesting thafote”. [Imoto & Ishimura, 2008] The same
thing was found during NEDO research projects. NEEpOnsors and manages many research
projects. Some are granted to individual compas@se to representatives of companies and
universities “but it was difficult when the PV makewere involved into the same team.” as
Mister Imoto of NEDO explains. [Imoto, 2008]

The main reason for the decline in willingnesshis tisk of exposing production secrets. As
technologies move closer to applied research therealso fewer issues where multiple parties
would benefit from the research.

4.4.2 Patenting and Licensing

One of the ways in which companies and researdhutes can exchange knowledge is through
patenting and licensing agreements. Patentingrig pepular in Japan and even small additions
can gqualify as a new patent. This mostly resolvesirad the need of researchers to show their
productivity. As Arno Smets of AIST explains: “Im@an the amount of work you do is very

important. Japanese researchers have to get patahfsublicize their work as much as possible,
to show that they are productive.” [Smets, 2008]

However licensing is not popular in the PV industdpne of the respondents indicate any wish
to license. Some respondents had concerns reggpdilegt protection due to bad experiences,
though this view was not widespread in the inn@rasystem. Another reason for the lack of

interest in licensing is related to the aforemergnb patenting based on small increments. As
Kaneka explain; “Each patent only covers a smait p&the system. For another to use the
patent we would need to license a cluster of patefifaneka, 2008]

Many collaborations within the industry, take plag#hin the government-sponsored NEDO

projects. The project’s patenting structure is fiers¢ to knowledge exchange while keeping in
line with companies’ secrecy requirements. The qutgj are national projects and as such the
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research results need to be made public, “as #eareh is funded by the government the results
should belong to the community.” [Ohta, 2008] Umndoiately this also means that interesting
research results are also publicized and the coynpaat made the discovery will lose its
advantage.

In the past the government had a system where dtents from NEDO projects were 100%
owned by NEDO, which led to the strange situatiomere the company that had made the
discovery had to pay to use it. Between 1992 ar@b Iiiis was changed to: 50% owned by
NEDO, 50% by the company that developed it. SiheeBaido law of 1996 the patents are 100%
entrusted to the company. [Kushiya, 2008a] Howewen before that the companies that did the
research were favored as Professor Kushiya expl&nbkether the entire patent is owned by
NEDO or not, the company that did the researchphasity. Honda wanted to use our NEDO
patent but we had priority so NEDO had to turn tlewn.” [Kushiya, 2008a] In general we can
say the NEDO system ensures that companies camigsesting research results, while still
promoting knowledge exchange by publishing resemfcmmation.

4.4.3 Formalized knowledge exchange

One of the main ways in which respondents are keefliemselves up to date on knowledge
development activities and results in Japan andaabhrhas been through formalized knowledge
exchange methods such as symposia and seminarsimfdietance of these events is not
restricted to the actual information which is préed, but also the opportunity to meet new
people. ‘Who you know’ is very important in Japas Mlister Smets of AIST explains:
“Especially in Japan everything revolves around wba know. But you build your network by
going to meetings, so it is all connected.” [Sm2¢5)8]

There are a large number of events where actorsnest one another. “The conferences are a
major source of information.” as professor Yoshikaexplains, “There are many groups and
meetings. The ‘society for PV systems’ is reallg;bi has about 200 to 300 people from industry
and universities. We meet once a month. For orgaspecifically there is only one group which
meets once every 3 months. At these meetings whaege information, mostly research
results.” [Yoshikawa, 2008]

There are also seminars and symposia which areniaegh by the JPEA. They provide good
practical information to companies and researchitines on such topics as: Japanese
government policy, installation technology, apgiica results and production safety. There are
also special seminars for beginning companies [JRPBA8]. Recently a lot of focus has been put
on political information such as financing mechamss regulations, subsidies and the green
certificate. [JPEA, 2008] The seminars are orgahseveral times a year while the symposia are
held every year in June. A wide range of peoplenatithe Symposia about 300 to 400 people
from JPEA’s member companies, non-member compani@sersities, installers, etc. [JPEA,
2008]

Next to the events there is a large selection ofjammes which provide information to the
industry and research institutes on a large vanétgpics. Magazines such as ‘Solar Energy and
Materials’ and the ‘Japanese Journal of Applied drisy provide specialized research
information. There are several bulletins or newstst that provide companies and research
institutes with regular updates on the current tgmaents in Japan. In this regard two
companies are key actors in knowledge distributibime RTS is a consultancy company that
provides regular bulletins with the latest researesults, production figures and production
announcement, for a steep price. The JPEA proadgsarterly newsletter, which is distributed
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to member companies and government authoritigeroltides information on previous and up-
coming events, as well as production statistid2ER, 2008]

For international news, there is Photon Magazinehvts fairly well known with respondents. It
is an international magazine with the latest on &%und the world. As this newsletter has a
strong base in Europe, they are an important safrcéormation for the Japanese entrepreneurs
interested in this market.

4.4.4 Per technology

Crystalline siliconsolar cells are a very mature technology, moshefresearch is applied and as
such the companies are not very inclined to codpekowever collaborative research between
research institutes, and between research ingtitutd companies, is still progressing, as can be
seen from the current NEDO project list for ultréatcrystalline silicon solar cell research:

r | Participants list

Kyocera

Mitsubishi Electric, Tokyo Institute of Technolpg

AIST, Toyo Advanced Technologies Co. Ltd.

Daiichi Kiden (manufacturing equipment company)

Sharp, Tohoku University, PVTEC, Okayama UniugtsiNippei Toyoma
(manufacturing equipment company)

6 | Toyota Technological Institute, Kyushu Universit§eiji University
Table 4.2: Participant list of NEDO'’s ultranthin crystallislicon solar cell research project

Source]NEDO, 2008]

SIENI I I =

An intriguing point in the list is the number of legment manufacturing companies that are
involved, which is not as prevalent in the othguety of cells. This is most likely due to the fact
that nearly all research is applied. The silicolaisoell manufacturers need to collaborate heavily
with their equipment suppliers as nearly none aredycing the fabrication machinery
themselves. As Mister Oosaki from ULVAC (equipmaerdnufacturer) explains: “If the customer
wants something new we will need to get informatout the technology from the customers.”
[Oosaki, 2008]

As the main type of cell currently in production]oa of information is exchanged through the
formalized exchange methods. Most of this infororatielates to patents or new products and
production technologies. The large number of groapd meetings allow the researchers in
companies and research institutes to meet.

Thin-film siliconis a very hot topic, which is in part due to thereat interest in TFT which is
highly related to thin-film research. Though itadairly mature innovation there are still many
opportunities for researching common problems, masthe form of processing technologies to
create thinner layers. There is a large base ititdrature dedicated to this subject.

Many collaborative efforts exist, especially betweeompanies and research institutes, an
example of this is the collaboration between Filgickic Systems and Kumamoto university and
Kumamoto Techno Industrial Foundation. [Tsukiok@0Q%] As Kaneka, a worldwide expert in
thin-film silicon says: “There is still a network mstitutions that keep in touch in this field and
exchange information. We hold academic conferehw&® a year in spring and fall. They are
held by the Applied Physics Society.” [Kaneka, 26J08t these conferences research results and
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patents are explained.

The stacked silicorsolar cell community is fairly small as comparedhe other types of cells.
However they are related to thin-film silicon sotails, as they are also dependent on processing
technologies to create thinner layers. As suchethisr a large amount of overlap in the
fundamental knowledge base between stacked andilthisilicon solar cell. As the same actors
are involved it is indicated that research inforiorats discussed at the same events as for tf-Si
solar cells, such as the “International WorkshopTém-film Silicon solar cells”. And through
the same contacts: “Many thin-film silicon instituts investigate the stacked silicon solar cell
technology as well. | think each technology is exded via a network of thin-film silicon
institutions.” [Kaneka, 2008c] The research comruappears to see stacked silicon solar cells
as a continuation of thin-film silicon research amud as a separate field of study.

CISis not such an advanced innovation and as suclvouéd expect knowledge exchange to be
somewhat easier. However there are indicationsthiigis not the case. The CIS research base is
fairly small with only two companies and severataarch groups involved. The only two
companies producing and researching CIS have limiteir collaborative activities. Honda
Soltec has developed their main product by thenaselthe only major Japanese PV company to
do this. Showa Shell has been researching ClStigett but does not collaborate with any other
institute as it considers its own knowledge lewel advanced. “We do have some common issues
we could research together, however we do notifedhed to collaborate.” [Kushiya, 2008a]
The only company Showa Shell collaborated with ®aell Solar, since there were no secrecy
issues as they are part of the same multinatifidashiya, 2008a]

Collaborative efforts with other actors were alsndered by NEDO as Mister Kushiya from
Showa Shell explains: “We are not allowed to callabe with other players within a NEDO
project. It is because this is mostly done to smeaprojects. We can only work with those
outside of the project and then we first have tascdt with NEDO if they will allow it.”
[Kushiya, 2008a]

On the other hand, research institutes and untiessilo collaborate. For instance, there is a
NEDO project with AIST, Tsukuba University and Kapoma University. [NEDO, 2008]
Unfortunately the CIS research community consistmany small separated groups, which does
not facilitate knowledge exchange. As Professorhi§us explains “The research groups are all
very small and focus on specific parts of the ddEDO keeps them very separated to prevent
research being done by a duplicated form.” [KushB@08a] The basic technology that each of
these groups uses differs as well which make&edyithat performed research will not benefit
the other groups. However there are indicationstttia will improve in the future as NEDO will
set up two PV research centers, one at the UniyasEiTokyo, the other at AIST, which aim to
combine these small groups. [Kushiya, 2008a]

Unfortunately formalized exchange methods that ifipalty target CIS are limited. There are no
special bulletins or journals targeted at CIS. Hesvein this regard the small research
community might actually be an advantage, as Mi#teshiya mentions: “There are no
difficulties for me to get information on Japane€é¢S research activities. The research
community is very small with only a few groups, is@s easy to keep in touch with everyone.”
[Kushiya, 2008a]

Regardingdye-sensitizedolar cell research many varied companies andargsenstitutes are
involved and are collaborating quite heavily. WHeaking at the NEDO project list there are
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distinctly more companies per project with DSC theith other types of solar cells (see table
below). However there are some indications thatwtedge exchange will be more difficult in
the near future, as DSC approaches commercializafie explained by Professor Yoshikawa:
“The technology is more mature so knowledge exchailsgmore difficult. There are many
researchers but their interests differ. They areofmeng more interested in applications and
commercialization. For instance, some are working large modules durability testing.”
[Yoshikawa, 2008]

There are no special papers and such to exchafgenation, however as mentioned before,
there is a group for organics that meets once e¥@ngnths and exchanges research information.
[Yoshikawa, 2008]

Nr | Participants list

1 | Tokyo University of Science, Fujikura Ltd.

2 | Sharp Corp., AIST

3 | CRIEPI

4 | Gifu University, Chemicrea, Sekisui Jushi TechhiResearch Corp. (affiliated tola
resin company)

5 | Kyushu Institute of Technology, Nippon Steel CleahCo., Ltd.

6 | Osaka University, Toyo Seikan Kaisha, Ltd. (cor@a and package company),
Kansai Pipe Industries, Ltd. (metal processing camyp

7 | Shinshu University, Koa Corp. (electronic partanufacturer) and Hodogaya
Chemical Co., Ltd.

Table 4.3: Participant list of NEDO’s DSC research project
Source: [NEDO, 2008]

Polymer solar cells are only at basic research and as Humie are many items on which
companies can collaborate. It appears that somé sampanies have grouped together to start
research into polymers and that here are also stoaipanies that collaborate with Universities
by themselves. [Yoshikawa, 2008]

There is also a large amount of overlap between &G polymer research which aids
knowledge creation and diffusion. Professor Yoshi&atates that “30-40% of the researchers are
doing both DSC and organic/polymer solar cellsaed®e” [Yoshikawa, 2008] Considering DSC
knowledge diffusion is doing well this has positiwaplications for polymer knowledge
diffusion. A good example of this is the group spkred in organics which meets once every
three months. “The conferences are a major sodricdasmation. Also there are journals for our
field such as ‘Solar Energy and Materials’ thougimen are specialized for organic solar cells. For
polymers there are conferences and related jousugls as ‘Electronic Devices’, which discuss
TFT and DSC.” [Yoshikawa, 2008]

4.4.5 Conclusion

Interest in research collaboration between compgaisielecreasing as PV technologies become
more advanced. Though patenting is popular in theustry, licensing is not. However
collaboration in government sponsored NEDO projégtsontinuing. The project’s patenting
structure is beneficial to knowledge exchange wkaeping in line with companies’ secrecy
requirements. Formalized knowledge exchange metbds as journals, seminars and symposia
are plentiful in Japan. The seminars and sympomairaportant not just for the presented
information but also the opportunity to get in tbueith other researchers. Specific practical
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market information is readily available.

» Crystalline siliconsolar cells are very mature and companies are tegltidco cooperate.
However research activities between research unss$if and between research institutes and
companies, is still progressing.

» Thin-film siliconsolar cells are fairly mature but there are mangoojunities for research
from which all could benefit. Many formalized excigg methods are in place and
institutions ‘keep in touch’.

» Thestacked silicorsolar cell research field overlaps with tf-Si miegrthere are areas where
both would benefit from research (creation of tlagers/deposition technology). This also
allows stacked solar cell researchers to bendiiinfthe formalized knowledge exchange
methods of, and contacts with, the tf-Si researeh.a

* Knowledge exchange within tHelS research field is more difficult as there are necsic
journals or seminars. The CIS research groupsegedeparate by NEDO to reduce doubling
of research. This also means the basic technolsgy by each group differs which means
not all research might be beneficial to other mammbdowever there are good prospects as
the small groups will be combined into larger reskaenters.

 Many varied companies and research institutes avelhed in DSC research and are
collaborating quite heavily. Knowledge exchangestaglace at group meetings and through
‘regular’ PV journals. However there are some iatlans that knowledge exchange will be
more difficult in the near future, as DSC approacb@mmercialization.

* Polymersolar cells are only at basic research and as sl are many items on which
companies can collaborate. There is also a largeuamof overlap between DSC and
polymer research which aids knowledge creationdiffidsion.
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4.5 Function 4: Guidance of the search

This function is based on the fact that resourceslimited, making it necessary to effectively
distribute them within the innovation system byusimg on specific paths. There are several
ways in which such guidance can be establishedwilVéok at the guidance that is provided in
two ways.

First of, guidance can be provided by institutisngh as the government, by setting goals. We
will look at this type of guidance by looking atethresearch and market targets set by
government, academic and industry organizationthdifferent types of solar cells.

Secondly, we will look at the perception of thefeliént types of solar cells. If an innovation has
proven itself in the past, this will give the inmdon a higher level of credibility, which will
propel development into this area. Similarly a teathgical breakthrough can motivate actors to
focus on a specific field of study.

4.5.1 PV Roadmap 2030

In Japan the one document that is cited the moshwdiscussing the future direction of PV in
Japan is the PV2030 Roadmap. The Roadmap wastaditlay Professor Kurokawa of Tokyo
University of Agriculture and Technology and creht®y an investigating committee consisting
of representatives from government, industry anademic circle$’, through six discussion
sessions [NEDO, 2004]. And as such has a broadosufgase within. According to the
Roadmap, PV is expected to fulfill 50% of the resitlal energy requirement of Japan,
approximately 10% of Japan’s total energy consumnpfNEDO, 2004]. It describes two main
objectives for PV:

1. Improvement of the economic efficiency of PV poweneration

The first goal of the Roadmap is to lower the aafsPV to 7 yen/KWh by 2030, see Fig 4.1,
which is the current cost level for industrial (f8aVithin the Roadmap the cost goals are
transformed into specific efficiency targets focle@aechnological field as can be seen in Fig. 4.2.

2002 2007 2010 2020

~50 [ " Grid-Connected PV i ﬂym Technulnmr::»
Yen/kWh with Higher Degree 5-depen m&gn Gﬂﬂ
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" Large System |
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14 YenkWh

e ~\ery-Thin Cell )
= Bmtﬂeﬂumbﬂedmmy : Multjungtion _
A P-%% - ' [ New Material/Structure ]

< Ex.: Dye-sensitized

Figure 4.1: PV Roadmap 2030
Source: NEDO, [NEDO, 2004]

¥ The committee consisted of: JPEA, Sharp Corp.karCorp., Sekisui Chemical Co. Ltd., Kajima CoNikkei
Science, Tokyo Institute of Technology, Toyota Tremlbgical Institute, AIST, NEF, PVTEC and METI

? The intermediate targets of 2010 (23 yen/KWh) 2620 (14 yen/KWh) are related to the cost leverésidential
use and business use, respectively. [NEDO, 2004]
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2. Enlargement of PV application areas

The second objective relates to increasing the eta#faptation of PV in more areas. The focus
here is on a shift to more stand-alone capabilgiesh as community-based clustered PV systems
with electricity storage functions. In addition, veder variety of PV modules for diverse
functions is promoted. This includes the developmantechnologies to overcome the grid

stability issues, such as storage batteries.

Item

Present Status

Target by 2010 - 2030

Production cost of PV module

Conversion-efficiency o|f PV
module

Production:
250 yen/W (2003)

Expected development:

14 yen/W (2007)

100 yen/W (2010)
75 ven/W (2020)
<50 yen/W (2030)

Durability of PV module 20 years Service life 30 vears (2020)
Silicon feedstock consumption 10~13 g'W 1 gW (2030)
Inverter (power conditioner unit) | ~30.000 yen'k'W 15,000 yen/'kW (20209

Accumulator battery

~10 ven/'Wh

{for automobile)

10 yen/Wh (2020)
Durability: 10 years

=

Solar Cell Type

Present Status

Conversion efficiency target (%)

2010 2020 2030
Crystalline silicon solar cell 13~14.8 (18.4) 16 (20} 19 (25) 22 425)
Thin-film zilicon solar cell 10 (14.7) 12 (13} 14 {15} 18 (20}
“CulnSe” splar cell 10~12¢i8.8) 13 (19} 18 (25) 22 (25)
“TII-WV™ solar cell Concentrator (35.9) 28 i40) 35 {45) 40 50}
Dve-sensitized solar cell {10.5) 6(10) 10(15) 15¢18)

PV module conversion efficiency tavgets (cell efficiency rargets)

Figure 4.2: PV Roadmap goals
Source: Adapted from [NEDO, 2064]

In general this Roadmap provides good guidancetHerresearch of PV in Japan for three
reasons. First of, the roadmap is specified forheechnological field, providing specific
guidance for each and focusing on the contribugaoh technology can deliver to achieve the
final goal. Secondly, the roadmap is supportedws®tl by actors from government, industry and
academic circles. The PV goals are followed by NEBRIch makes them the basic research
targets of all government sponsored R&D projectan@anies such as Sharp state that they “set
our own company targets according to the PV Road2@Gg0D.” [Sharp, 2008b] As such the
Roadmap forms the basis of actual actions instéading a mere ‘concept’.

Lastly, the main goal of the roadmap is part of gfawernment’s overall energy policy which

2L4|1-v" solar cells are compounds made from elersein the 1l and V columns of the Periodic TabfeEtements
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increases its credibility. The government’s Newiblal Energy Strategy aims at energy security
and sustainability and includes the New Energy Vation Plan. The main target of this plan is:
“The reduction of solar energy power generationt dosthe level of solar thermal power
generation by 2030” [ANRE, 2006] As energy secuhas always been an important issue for
the Japanese government, the inclusion of solaressarch in its energy policy gives confidence
to the PV research community that they will conéita receive support.

However the Roadmap is not optimal as the guidasceot related to actual technological
capabilities. The 2030 cost goal was conceived iy government without reference to
technological feasibility; back casting and caltiolas were used to establish the efficiency
targets. As Kushiya has indicated, this makes #ngets very difficult to achieve “The 2030
target is, honestly speaking, very difficult to ckaas it is close to the theoretical maximum
efficiency.” [Kushiya, 20083a]

However there is hope to improve this as the godlde reviewed regularly to incorporate the
latest trend, with the first review scheduled fof E009. [NEDO, 2004] There are indications
that in this review the efficiency goals for eaelhtnology will be lowered. This is likely due to
the unexpectedly large production facilities of RMinufacturing companies which will lead to
lower production costs, reducing the need to aehl@gh efficiencies. [Kushiya, 2008a] Also,
with the current rise of the price of oil the targé grid-parity may be reached sooner. “The
target is not necessarily 7 yen per kW, but a cditiye level to grid power. If the electricity
price increases, we might reach our goals fasteweder it is a waiting game with the Utilities
as they do not announce price increases. We needadbperation of the Utilities to get PV
introduced into the market without batteries.” [#22008]

4.5.2 Market guidance

One of the things we notice from the Roadmap arrosources is that there no widely-
supported market or installation goals for PV ipala The Roadmap focuses exclusively on
research targets. Though it provides a ‘possiligtallation target it solely offers research tagget
to allow the technology to reach this target. TREA's “Vision of the Future of the Photovoltaic
Industry in Japan 2006, ‘Aiming to be the World'edding PV Nation™ is limited to predictions
regarding market developments. It does not givetargets. [JPEA, 2006]

4.5.3 Perception of the different types of solar tls

Crystalline siliconhas been used for a very long time and as suclkrkeated a large amount of
credibility, the industry is confident in its altidis and reliability. As such, crystalline silic
expected to remain an important type of solar elthe industry, despite the current silicon
shortage. Sharp says: “Companies are not moviny dwan crystalline silicon. We are doing
both crystalline silicon and thin-film silicon temblogies and we will continue to do so. As the
market will grow we will need both technologiesarder to keep up with the demand.” [Sharp,
2008b]

The industry sees a lot of promise in thm-film silicontechnologies (thin-film, stacked) as they
are expected to enable efficiency improvementscastireductions and have the benefit of lower
solar module weight. The development of thin-filmvas launched through a ‘breakthrough’
when in 1977 a researcher that was trying to saendrphous silicon was suitable for the semi-
conductor industry discovered that it could be usedeveral other purposes, such as TFT’s and
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solar cells. [Kaneka, 2008b] Thin-film silicon tewiogy is used in calculators and in TFT so
there is confidence in the continued developmetthisftype of cell.

For CISthe potential for cost reductions are consideey large as the creation of the solar cell
is easier and large efficiency increases are eggent the near future. However there are
concerns within the PV industry regarding the symgslindium for the fabrication of solar cells
making people nervous about investing in this tgpeell. Those already in the industry claim
that they are aware of this problem and that it mott be a problem as the amount they use is
quite small. [Kushiya, 20084]

There is mixed confidence rganic solar cellsfor use in power applications. In general it is

expected that it will take quite some time befdneyt are ready for long-term applications,

especially polymer solar cells as they are in alystage of development. As professor Arakawa
says regarding DSC power applications; “We expeetchieve the wanted efficiency in 10 years
but it depends on the stability. It might be onlyds6 years if there is a major breakthrough.”

[Arakawa, 2008]

Organic cells are fairly unstable as the mater@iglize in air and therefore require some

advanced lamination technology. They also haverg skort lifespan. For these reasons some
believe they might never be able to be used in p@applications. As Arno Smets of AIST says:

“l don’t see much of a future in organic solar sefet, unless they find a way to seal the cells
properly.” [Smets, 2008] However due to these attarsstics, even these skeptics believe the
organic cells are very suitable for use in consupmeducts. “They would be suitable for use in

disposable products. It all depends on the appicaEvery technology has its advantages for
certain applications.” [Smets, 2008]

4.5.4 Conclusion

There are no widely-supported market or instalfatgoals for PV in Japan however the
government has a strong research policy. The P\0 Riadmap provides specific research goals
for each PV technology and is widely supported awvegnment, academic and industry cycles.
The Roadmap’s target to make PV generation cosaletguthe level of solar thermal power
generation by 2030 is even incorporated in the gowent's New National Energy Strategy and
used as a basis for the NEDO research projects.

e Crystalline siliconhas been used for a very long time and as sucbhrbased a large amount
of credibility, the industry is confident in itsiéites and reliability.

* The industry sees a lot of promise in tha-film siliconandstacked silicortechnologies as
they are expected to enable vast efficiency imprems and cost reductions. The interest in
thin-film silicon stems from a technological brdaktugh in 1977. As thin-film silicon
technology is used in calculators and in TFT the&reconfidence in their continued
development.

» CISshows a lot of potential for cost reductions whisbtivates development of this type of
solar cell. However the concerns within the PV stdyregarding the supply of Indium make
people reluctant to invest.

 There is mixed confidence whetherganic solar cells will ever be ready for power
applications. However their suitability for consurmpeoducts has gone unquestioned.

2 See also paragraph 4.7.3
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4.6 Function 5: Market formation

The possibility to obtain economic benefits is impat to motivate entrepreneurs and other
actors in the TSIS to invest in the different tyméssolar cells. As such it is paramount for a
market to be formed and maintained. The establishwieniche markets is very important in this
regard to allow new innovations to compete with edded technologies. These niches are
formed due to the presence of technology spedqidieations or through government action.

In Japan a market for PV power applications hastedifor quite some time and is in fact one of
the largest of the world. We divided the marketbiBtparts in correspondence with the JPEA and
government: a residential market (home ownersjnduastrial market (companies) and a public
market (public organizations). We will look at eanfturn, looking at the buyers’ motivation for
purchasing PV, the market prospects and governsugport. As the different types of solar cells
share the same market space they are competingeaai other for room. At the end of this
section we will therefore look at the different égoof solar cells, analyzing their expected market
share and the existence of technology specificiegtpins which enable the formation of niche
markets.

4.6.1 Residential market

The residential market consists of home-ownersigtide oldest and largest PV market in Japan
with over 80% of installed capacity. The marketcisracterized by a large number of small
installations [JPEA, 2006]. The Japanese governnsemported home-owners through the
‘Residential PV System Dissemination Programme’lfdiyears.

The government stopped the installation subsid30@5 because it claims it has achieved its goal
of creating a self-sustaining market. [Ikki & Malswa, 2007] The dissemination program
provided home-owners with a reduction of the ilatan cost of a PV system up to a specified
level of around 3 million yen for a 4kW system. éan be seen from the following figure, under
this scheme the actual price home owners have gy has remained fairly constant since
1995 since the subsidy was reduced when the sysistrwent down. In fact the past few years
the subsidy was no more than a token amount.

Since then the focus of the government has shifsetbcus onto the industrial and public PV
markets. However, though central government maskipiport has stopped, local government
support remains with over 319 communities providingubsidy or preferential loan program in
2006. [Ikki & Matsubara, 2007]

An important scheme which has promoted home-owttelmiy solar cells is the voluntary buy-
back of energy by the energy companies since 1B9P§E, 2007]. Under the scheme the utilities
buy the excess energy that home-owners produce oodent energy rates.

Interest from home-owners greatly increased urtteResidential Dissemination Programme, as
can be seen from Figure 4.3, and the market grewarnesusly. However there is some
uncertainty in Japan concerning: why home-ownerg solar cells? The motives for home-
owners to install a PV system were investigated\IigF and are ranked as followed: [JPEA,
2006]

1. because electric power companies buy surplus power

2. because they have strong environmental awareness

3. because they can use a national subsidy system

4. sales efforts (because the salesperson recomme&ndedso)

5. commodity value
From this list we might conclude the main motivatiof customers is financial in nature.
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However it should be noted that the amount of maiey home-owners had to pay for a PV
installation has barely changed under the schese figure 4.3. Even with the rates paid by
utilities for the surplus power is equal to thagofd power. [PSPV, 2007] As such, even with the
buy-back of electricity, the expected pay-back gebiior a PV installation has always been 20
years. For reference, the expected lifespan ofusédnan Japan is also 25 to 35 yeafdager-

Waldau, 2007] As such we believe the Japanese dmmeslar cell market is based on

environmental consciousness.
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Figure 4.3: Price of a residential PV system

Source: [JPEA, 2006]

4.6.2 Industrial market
The industrial market in Japan is currently stitiadl. However it is expected to grow as the

government is increasing its focus on this andptifdic market. The market is characterized by a
small number of larger installations and can bedéd into three main parts: companies, large
scale projects and power stations. [JPEA, 2006]

One of the reasons the market is still small islarpd in a JPEA market analysis. It showed
introduction problems existed for the industrialdapublic market due to procedural and

2 We believe this expectation of the durability ofldings is due to the frequent earthquakes tHatafapan.
Though most of these quakes are very small, thegelnumber (several per week on occasion) wolddteally
start to affect the structural integrity of the ldinig. As land prices are high in Japan, it is mtommon for houses
to be rebuilt every few decades in the same locatio
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installation difficulties, such as the timing ofti@ns to accommodate the companies’ financial
year, and the high costs associated with desigamd approving systems which can not be
standardized. [JPEA, 2006] A Field Test Projecsesxior the industrial and public market called
the “Field Test Project on New Photovoltaic Poweanération Technology” which might help
with the procedural and installation difficultiestlthis is not its actual goal. [PVPS, 2007] The
project is aimed at the adoption of new technolegmo PV systems for public and industrial
facilities and accelerating further developmentslevhromoting further introduction of medium
and large-scale PV systems. Applicants collect ttatd years and demonstrate the performance
of the PV systems. Half the installation cost ibssdized and it is considered a very successful
program with 22.08MW installed in 2006. [PVPS, 2D07

There are also good prospects regarding the inteoes companiesA JPEA study indicates the
interest of companiem PV is increasing. As there is a special industingrgy tariff which is
lower than that for residents there is less of@nemic motive for companies to invest in PV. In
general the motives for companies to invest in Rfallations are: environmental consciousness,
corporate image, advertising and CSR (corporat@kasponsibility). [JPEA, 2006] There is an
installation subsidy specifically aimed at companithe “Project for Supporting New Energy
Operators”. This METI project aims to acceleratavnenergy introduction by supporting
businesses that launch the introduction of newgndrom the perspective of energy security
and global environmental protection. A maximum a&dhird of installation cost is subsidized,
and debt is also guaranteed. [PVPS, 2007]

The situation differs fofarge-scale projectsLarge-scale projects are in general rare in Japan
when not initiated or organized by the governméspecially large-scale housing programs are
nearly non-existent in Japan [JPEA, 2006]. A pdssikason for this is the lack of financial
incentive to initiate such a scheme.

Power plant typdPV installations are also very rare. Some beliefgad is simply not suitable
for large-scale power plants as the space availablery limited and land prices are very high
and there have been no new power plant type P¥liagson since 1995. However, now through
government intervention interest appears to bdlyimacreasing. In 2007 construction of a 2MW
and a 5MW power plant were started through the gowent's “Verification of Grid
Stabilization with Large-Scale PV Power Generat®ystem” program. [lkki & Matsubara,
2007]

4.6.3 Public market

The public market, like the industrial market,still small however there is increasing interest
from the communities in installing PV in public llings. [JPEA, 2006] A variety of subsidies
are available for this market. For instance theoschool Promotion Pilot Model Project’ which
is a collaborative effort from several ministriesdaVIETI. It aims at implementing pilot model
projects to promote the introduction and demonsimabf environmental-friendly schools,
providing students with environmental education angroving school facilities. Up to now 387
eco-schools have been created, a further 44 schaols approved in 2006. [PVPS, 2007] For
local governments there is the “Project for Promptihe Local Introduction of New Energy”
which aims to accelerate new energy introductiorsigyporting the efforts of local governments
and non-profit organizations. In 2006, 1130 kWatat was accepted. [PVPS, 2007]

There are also several top-down initiatives fromdkntral government. For instance the fact that
renewable energy has to be put in all new govermimgidings.
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4.6.4 Renewable Portfolio Standard (RPS)

There is one other important government schemedaimhémproving the amount of renewable
energy installed in Japan, the Renewable Portfslemdard (RPS). Utilities are obligated through
the RPS to use renewable energy sources througbh wtates that a specific percentage of the
produced energy must come from renewable energycasult has been quite successful in
promoting renewable energy sources, as can befsmarfigure 4.4, which shows that utilities
have more energy sources than the RPS minimum.eitia can be ‘banked’ and used in later
years.
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Figure 4.4: RPS Obligation fulfillment
Source: [Watanabe, 2007]

Unfortunately the RPS law is not technology spechill ‘new energy sources’ can be used to fill
in the limit. From Figure 4.5 we can see the amaidiitV that falls under the RPS has increased,
however the buy-back of energy from home-owner &dis under this scheme. As such the
program is not so good for the promotion of PV #pmly, whose costs are still fairly high and
does not promote utilities to invest in PV themvesl Fortunately this problem has been
recognized by the government and the RPS is unihgrgorevision. A special preferred measure
for PV is added where installed PV power is countedble. [Ikki & Matsubara, 2008]
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Source: [Watanabe, 2007]

4.6.5 Market developments

Since 2005 the amount of solar power that is itestadvery year in Japan has leveled-off, with a
sudden decline in 2007, as can be seen from fijéreln general this trend is assumed to be due
to the stop of the Residential Dissemination Pnogia 2005 which made PV less popular with
home-owners. However, considering the fact that ghegram did not provide any financial
incentives, we would not expect the discontinuabbthe subsidy program to have that much of
an impact on market demand. There are several bk reasons for the reduced demand.
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Figure 4.6: Japanese market developméhts
Source: data used fronttp://www.iea-pvps.org/

24 Market growth is the additional installed capagigy year.
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Firstly, the prices of solar modules have riserently due to the silicon shortages. The rise in
silicon price and other materials has pushed upptiee of PV installations for the residential
market in Japan by 1.3% in 2068[Ikki & Matsubara, 2007] Next to this is the foci$
companies on foreign markets, which causes shataigehe domestic market and pushes up the
prices of modules [Kurokawa, 2008]. Furthermoreisitikely that the discontinuation of the
residential program had a psychological effect omé&-owners. As Akio Suzuki of Sharp Corp.
explained “the government is supporting this prctleeemed to be a very persuasive factor to
convince consumers of the social value of PV’ [Kim& Suzuki, 2006, p.17-18]. As such the
stop might indicate to potential buyers that theegopment does not value solar cells anymore, or
not as highly as other technologies which are g#itting support.

It is likely that these factors combined, have ealihe recent domestic market developments. As
such, though the installed capacity decreased @7,2this does not necessarily mean this trend
will continue. In fact at the 17International Photovoltaic Science and Engineefhogference
(PVSEC-17) the JPEA stressed that “a sustainabldawetial PV market is being created without
subsidy in Japan, even after Residential PV Syfd&semination Program was completed and
rate of growth slowed”. [RTS, 2008] In other wortisg market may be suffering no more than a
temporary dip due to recent market developmentsagnglich may improve in the coming years,
once global market conditions change.

Nevertheless there is interest from industry aneeisé government institutes to support the
market and speed up the diffusion of PV in Japdre JPEA is trying to obtain new market
incentives. They hope to install about one millieN systems on detached houses by 2010.
However they argue that to reach the installatioalg requires the inclusion of home-owners
who are not just concerned with the environment ddab employ economic considerations.
[JPEA, 2006] A similar consideration lies behin@ ttall of the Osaka Chamber of Commerce
and Industry (OCCI), for a reinstatement of a stfpsicheme for the residential market in order
to achieve the greenhouse gases reduction tajg@ger-Waldau, 2007]

In all, we can identify four good prospects for thepanese domestic PV market. First of, the
silicon supply is expected to meet demand by 20@B334n the coming years which is expected
to lower the domestic solar cells prices. [SuntédSiK, 2008] Secondly, there are reports the
Japanese government is in fact planning to inigatew subsidy system for home owners aimed
at halving the costs of buying solar power systemapan, in order to meet the prime minister’s
new goal of cutting greenhouse gas emissions b§080-from current levels by 2050. [Reuters,
2008] However, whether the budget will actuallydiecated is still uncertain as previous calls
to reinstate the residential subsidy were rejebtethe Finance Ministry. [businessGreen, 2008]
Thirdly, the JPEA is promoting the installation af Green certificate, aimed at increasing
legitimacy with the customer. As the JPEA explaii#s;product that is considered ‘green’ (aka
renewable) can get a green certificate. This adtta ®alue for customers, since the energy from
renewable sources is still very expensive. Howdhes certificate has not yet been put into
effect. Like many other things we are waiting uttié G8 summit.” [JPEA, 2008] Lastly, though
the sizes of the industrial and public market ar segligible at the moment, interest from
companies and communities is increasing. And theaekets are expected to start having a
significant impact on the domestic market by 2Q2BEA, 2006]

% The price of residential systems is based onta 3-KW installation. The price of PV systems faibfic and
industrial facilities (more than 10kW generatiopasity) increased by 2.7%.
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4.6.6 Per technology

Crystalline silicon solar cellalready have a good established market. As irgticit figure 4.7,
c-Si has roughly 90% market share. The near fytmospects are looking fairly good with the
increase of silicon supply, however the long temmgxts are fairly bleak. Though c-Si cells are
expected to maintain a major share of the PV rpoftarket for some time due to their high
efficiency and proven reliability, it is expecteal Ibse about half of its market share, as can be
seen from the figure. No drastically new produatsiew crystalline silicon manufacturers are
expected to enter the market.
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Figure 4.7: Expected world market share of several types lafr sells
Sourcehttp://www.pvtaiwan.com/presscenter/news_view.sAttatno=2278

Thin-film silicon solar cells are drastically increasing their marieare. The current interest
mostly stems from the silicon shortage and the emitle which companies can add tf-Si
production lines. They can be bought as a wholenfan increasing number of equipment
manufacturers. However due to the lower efficiettgn c-Si, some manufacturers are aiming at
specific applications, in particular BIPV. BIPV st for ‘building integrated photovoltaics’,
which entails the use of solar cells as buildinghponents such as windows, facades, roofing
materials etc. Fuji Sun Energy stands out as thst m@ative, creating a lightweight flexible
solar cell which can be integrated into non-strarglfing material, or even tent-cloth.

Stacked solar cellsyvanufacturers are mainly aiming at the ‘standardftop applications. Due to
their high cost they are currently aiming at a sdexed part of this market. With their high
efficiency and low weight they are focusing on ar@#ere customers need to use the limited
area they have optimally.
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Only two companies in Japan research and prodi& Both companies, Showa Shell and
Honda, are new to the PV industry and started pribaluin 2007. Their market share is expected
to increase steadily. Currently only one companypv& Shell, has announced production
expansion. Regarding applications, CIS is compedingctly with crystalline silicon in that they
are aiming at rooftop applications. However thé&ail technologies pretty much dominate the
market, making it hard to enter. Especially as Cl®&ls no clear advantage yet over crystalline
regarding pricing and efficiency. However as PreteKushiya of Showa Shell says “Customers
can not see any difference among the crystalline\Sproducts prepared by Mitsubishi Electric,
Kyocera and Sharp except Sanyo Electric (HIT) havethey can see that Showa Shell's
products are completely different on the appearaficss makes our product more attractive as a
brand-new PV product. Also there is currently oallimited supply of CIS PV modules in the
world wide so it looks like a status symbol.” [Kixgn 2008a]

In general thelye-sensitized solar celsxdpolymer solar cellare not considered ready enough
to be used in the power applications market. Thanradvantages of organic solar cells are the
potential low production costs, high efficiency ahdersity in color. In general many consumer
applications are currently becoming possible forCD&1d worldwide many companies are
planning innovative DSC products. However the foofithe Japanese government and thereby
the research in Japan is on rooftop applicatiors.sAch there seems some doubt with PV
manufacturing companies what to do with the organolar cells right now. Sharp notes that “We
still need to decide a final application as the keaiis very uncertain at the moment. A power
plant is our final application but we are also ¢desng other applications. We can’t set a date
yet for market introduction.” [Sharp, 2008b] Regagipolymer solar cells, “We expect to start
production of polymer solar cells about 10 yeaosrfmow, maybe for a mobile phone or another
application.” [Sharp, 2008b]

4.6.7 Conclusion

We distinguished three markets: residential, indalsand public market. The residential market
is the largest of the three and has increased enwmisn under the government’s installation
subsidy, which was ended in 2005. As the progragetteer with the voluntary buy-back of
power of the utilities did not provide any signditt financial advantage for home-owners, the
residential market appears to be based on envimstaineonsciousness.

The industrial and public markets have some pro@édund installation difficulties, which might
be solved through the Field Test Project. Theregaaa prospects for businesses however large-
scale projects and power plant type installatiores rare. The public market is mainly being
promoted through several government projects. Agrathportant government project is the RPS
law which motivates utilities to use renewable ggesources which is now being revised to be
more beneficial to PV.

The overall market growth has leveled-off since®20@ general this is assumed to be due to the
stop of the residential dissemination program hawekis seems unlikely. The market may be

suffering no more than a temporary dip due to recearket developments and as such may
improve in the coming years, once global marketl@@mns change. Nevertheless there is interest
from industry and several government institutesupport the market and speed up the diffusion
of PV in Japan.
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Crystalline siliconsolar cells have 90% of the solar cell market. Toao-Si solar cells are
expected to maintain a major share of the PV rgoft@rket for some time, it is expected to
lose a large part of its market share to the dfhétechnologies.

Thin-film silicon solar cells are quickly increasing their marketrehdue to the silicon
shortage and the ease with which companies cantfa8d production lines. They are
especially used for the niche of BIPV applications.

Of the Stacked silicorsolar cells are currently on the market. They areray at a specialized
part of the market based on their high efficiencgl Bbw weight.

CISis new on the market but is increasing its markets. The manufacturers are not aiming
at any specific applications.

DSCandpolymersolar cells are not yet in production. There is samcertainty about what
type of market would be most suitable. Though nedetocuses on rooftop applications, not
all believe they will be suitable for this applicat and DSC solar cells are now ‘ready’ for
consumer products.
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4.7 Function 6: Mobilization of resources

To enable all the functions within the TSIS enougbources need to be available to the actors
within the innovation system. These resources areletl into three types: financial capital,
human capital and physical resources. Here weloak at the presence of each in turn. We will
end with an evaluation per technology.

4.7.1 Human capital

Japan has an extensive solar cell research comynand as such the amount of specialists
available is large. However there are no specidliP® education programs at universities.
Experts are trained at universities through thesgmee of NEDO research projects. As a
university does research under the project it aataally teaches the students who participate
about the basics of the technology. This meansttigatypes of solar cells where the academic
research base is larger also have more studentgyraglmate with expertise in the technology.
However, while there are many researchers at wities for the silicon and organic types, there
are not that many research groups for CIS. One dvexpect that this would have led to
problems for CIS manufacturing companies in gettimgresearchers they need. However this is
not the case, according to Mister Kushiya of Sh&nall. [Kushiya, 2008a]

In fact respondent companies have stated they gst of their researchers from within their own
company and not from universities. As Kaneka exglaflt is rare for us to get researchers that
are already specialized in the PV field. Most o time graduates join Kaneka after having
studied chemical engineering and then switch tarsmlls. We then train them in house through
on-the-job training.” [Kaneka, 2008b] This does pt count for Kaneka but appears to be the
norm in Japanese PV manufacturers. As such, gekemlledge is valued more in the PV
community. As Arno Smets explains: “For researcha®ving the basics of science (chemistry,
natural sciences, etc.) would be good enough. \i¢hiagally important is being able to think on
an academic level, the details of the PV matet@thnology and production processes are
learned in practice.” [Smets, 2008]

In this system new employees require extensivenerdb training. However as this is customary
for new employees in Japan it is not perceived agygroblem. In fact no company reported
problems finding researchers though some indicdated training them to become good
researchers was quite an effort as researchers toebkd informed about many technological
fields. “Specialists for thin-film silicon need kmow many kinds of areas so it is very difficult to
get good researchers.” [Kaneka, 2008b]

The only problem in the availability of human capiin Japan lies with the country’s very low
birthrate.

4.7.2 Financial capital

The main PV companies are part of large Group coimegaand as such they can bear the burden
of the research and development activities thatn@eessary to bring PV products onto the
market. Research capital is also provided throlgh NEDO research projects. Respondents
agree that the long-term aspect of these projeagddcilitated research and development of PV
in Japan. As Professor Kurokawa stated; “Usuallif Iffiplans are only 5 years long, but in this
case it lasted for 25 years. Long term plans angepts were one of the 'good things’ that made
Japan strong in the PV field.” [Kurokawa, 2008]

%6 Former abbreviation for the ministry now known\&T|
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These projects have also helped to overcome thensiye development period between research
results and prototype or product, as all of them& companies with the exception of Honda,
developed their product in a government sponsokeD) project. [Tanaka, 2007] However
this may change in the future as the plan is tagaby shift responsibility for R&D closer to
practical applications to the industrial sectorE[DO, 2004]

Another promoting factor is the apparent Japanebd khat once research subsidy is given it is
continued for quite some time, regardless of tlseaech results. As Arno Smets of AIST says:
“As soon as it has been established that a groper@ion gets funding, they will continue getting
funding for quite some time. Compared to Europeytare a bit ‘spoiled’, since they will get the
funding anyway. Also it seems like not a singlejgcofails, if the results are lacking, the project
is subsumed or changed into another project.” [Sn&&08]

4.7.3 Physical resources

We now look at two raw materials which are very artpnt for the production of PV and which
have been indicated may lead to, or are alreadgirigato problems. These are silicon and
Indium. The main limiting factor for PV productidies in the current silicon shortage. Many
factories are not producing at full capacity dushiortages, and getting a steady supply of silicon
is deemed one of the major challenges currentindesolar cell manufacturers. Its importance is
exemplified in the case of Sharp, as Professor kawa explains: “Sharp had no strategy for
securing a steady supply of silicon feedstock. Jodgharp is the only large Japanese PV
manufacturer whose production curve is leveling’ §€urokawa, 2008] However there are good
prospects in this regard as the number of silicaanufacturers is increasing greatly. It is
expected that there will be a sufficient amountsdicon on the market around 2009-2010
[Suntech/MSK, 2008].

The second material we will look at is Indium, whis a key component of CIS solar cells.
Indium is a rare metal and PV experts have theeefaised concerns regarding the Indium
supply. As Arno Smets of AIST explains: “It is ngdt available in large quantities, and | guess if
many companies move to this type of cell, it woatdate an Indium shortage and the prices
would rise quickly. The current supplies are just imited.” [Smets, 2008]

However the CIS researchers and producers thenssatgeadamant that the supply of Indium
will not be a problem, as the amount they requsrstill very small as compared to the flat-panel
display (FPD) industry, which is the main consun®s.Professor Kushiya from Showa Shell
explains; “Our current need of Indium does not havarge impact on the Indium market. If we
started a 1GW plant, we need 10 to 20 tons of mdiklat panel displays now require roughly
500 tons per year. There is also a very good wgrkiecycling system in Japan. CIS-PV
manufacturers will only have a big impact on thdilim market price once we reach 10GW
production per year.” [Kushiya, 2008a] They areoagpecting the FPD industry to replace the
Indium need with an alternative which would greaittypact the Indium market. [Kushiya,
2008a] Either way, CIS manufacturers will need to ensure aalequate Indium supply to
guarantee the future of CIS solar cell production.

4.7.4 Per technology

Silicon-based solar cellare mostly investigated by large group companiesamnsuch can bear
the burden of research and development, as wethadraining of new researchers. Many
companies and research institutes are involvedaanslich many specialists in the industry are
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available. The main problem for the silicon-basetiscells lies in the silicon shortage which
forces technical innovations and a move towardsn technologies.

The CIS research community is fairly small as comparedh® other PV fields. There are
reportedly only three universities that participat& EDO research, these are:

e Tokyo Institute of technology (Tokyo Tech)

* Ryukoku University (Buddhism group owned privatevensity)

e Aoyama Gakuin (Christian university) [Kushiya, 2@08

However since companies train new employees theesdehis does not appear to be that much
of an issue for the producing companies. Showal $laal indicated that even if they were to
employ CIS university students, they need to retthem as the technologies differ. “It takes at
least 6 months to one year based on the gradulaweh and which university they graduated.”
[Kushiya, 2008a] There are also concerns that stsdeave worked for their competitors or will
join their competitors company later on which wolddd to secrecy issues. [Kushiya, 2008a]
Honda and Showa Shell are part of large group caompand as such have access to sufficient
financial resources for R&D and production actesti The main problem for CIS manufacturers
lies in ensuring a sufficient Indium supply. Themgeanies appear confident this will not form a
problem however they are also dependent on foreggnpanies. If many companies suddenly
start CIS production it will still be an issue.

The Organic research field is large, there are a large nurobeesearch groups and companies
involved. As such we can assume there is enouglahumpital present. The problem apparently
lies with access to financial capital. Many smalimpanies have reportedly stopped due to
financial difficulties in researching and develgpia new product. [Arakawa, 2008] They are
likely dependent on NEDO projects for financing Agakawa explains “We still get money from
the Sunshine project through NEDO, though it isechdifferently now. That is why we can still
do R&D.” [Arakawa, 2008] However which financial ares are available to small companies is
currently unclear.

4.7.5 Conclusion

Japan seems to have no major problems with thelysupp quality of staff in research
organizations and companies. The only main prolterine availability of human capital lies
with Japan’s low birthrate.

Regarding financial means, the main PV manufaagueompanies are part of large Group
companies and as such can bear the burden of ces@ad development. Long-term government
research projects have proved good sources of rigndihe NEDO projects also helped
companies with product development activities, giothis is expected to change in the near
future.

The main physical resources which are or might mecoonstraint in the market are silicon and
Indium. The silicon shortage is a major issue f@mpanies and has already led to problems for
some companies. However the shortage is expectee tesolved by 2009-2010. Indium is used
for CIS and is a rare metal, however experts sayethwon’'t be a shortage until production
increases exponentially.

« Silicon-basedsolar cell manufacturers and researchers are rriexcing any problems
with the supply of people and money. The main mwoblies with the shortage of silicon
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making them move towards thinner technologies.

ClShas few university trained researchers howeveetdees not appear to be a shortage of
company researchers. There seems to be sufficremdial resources. For manufacturers the
Indium supply might become a problem if many (fgrgi companies suddenly start CIS
production.

The organic solar cell community seems to have adequate huragitat and no clear
material shortages. However small companies appgréave a problem with access to
financial capital.
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4.8 Function 7: Support from advocacy coalitions

New energy innovations need to make a place fondleéves in the present energy system which
is dominated by the oil industry. Actors within tberrent system have gained a large amount of
power and influence and are reluctant to changeat®rg legitimacy for an innovation will
facilitate that innovation to become part of ansérg system, or overthrow it. Since interest
groups are the key actors in creating legitimacg, will consider several of these groups, in
particular their activities and influence.

The groups we will look at are important actorsha development and diffusion of PV in Japan,
these are: the government, the industry, utilittesyersities, end-users and suppliers. However
we would first like to start with explaining theqmess of interest groups influencing government
policy, known as ‘lobbying’, which differs in Japdrom the direct ‘make yourself publicly
heard’ approachWe will not make a distinction per type of solaidlas we did not find a
difference in support between the different typesotar cells.

4.8.1 Lobbying

Government regularly receives input from outsid®m@csuch as industry and academia through
advisory committees. Working together to achievammon goal is considered very important
in Japan, as is explained by the JPBAEe do not have a strong green party. Discussidh thie
government is very important since we are all ia f#ame boat. We serve as consultants for
future policies and participate in government cottees, mostly on market-related issues.”
[JPEA, 2008] The government’s goals and policiegeneral are not top-down but are made in
conjunction with industry and academics.

For instance the creation of the PV2030 Roadmapimitiated by Professor Kurokawa when the
previous goals were getting old [Kurokawa, 200B]. response NEDO organized a sub-
committee to the set these future PV targets. Tivestigative Committee for the Roadmap
consisted of: Kosuke Kurokawa (chair), JPEA, St@opp., Kaneka Corp., Sekisui Chemical Co.
Ltd., Kajima Corp., Nikkei Science, Tokyo Institutd Technology, Toyota Technological
Institute, AIST, NEF, PVTEC and METI (observer). HNO, 2004] In other words
representatives from all important fields were prés(research institutes, universities and
individual companies) and also from all technolagjitelds. This means that the goals can rely
on wide support within the innovation system. Ferthore, some of the goals come from
calculations of earlier agreed upon points, making goals logical conclusions of earlier
agreements.

A good example of the way advice-giving is incogded in the structure of government offices
can be found in NEDO. NEDO is not staffed with saksts from specific technological fields.
As such the institute does not have the necessapoylkdge to judge the highly technical
proposals that come in. The organization chooseshwirojects to fund based on expert advice.
A committee of independent experts is set up ofl@cacs and institute researchers, mostly from
the academic world, which decides which advises REihich of the various proposals to fund.
[Arakawa, 2008; Kurokawa, 2008] This gives acadeamd industry researchers a large amount
of influence over the future direction of PV in aap

4.8.2 Government

The government has always been a main player iprbmotion of solar power as an important
renewable technology. Since the beginning of thesBue Project, solar powered technologies
have been part of the government’s future energngl As such the government has always
greatly promoted research into PV. PV is currepdyt of important government programs such
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as the New National Energy Strategy for 2030 andl Earth 50. The government’s current PV

research budget (2007) has 3 themes: [Watanabé&] 20

1. Technology development; reducing cost and impropi@dormance

2. Demonstration testing; identify and resolve proldehmt may hamper commercialization and
verify effectiveness

3. Promotion of introduction; create initial demandlgmomote use etc. (half total budget)

In general government attention is now on markep#dn. It is increasing its focus on research

to make solar cells suitable for the market. [JPE@Q6] and most NEDO projects are aimed at

research to improve the technology to achieve paidty, or to facilitate installation. The

government is also shifting its focus from the desitial market to the industrial and public

market which relates to the second target of theR@ddmap. Up till now the government was

focusing most of its attention of the residentiarket with the residential dissemination program.

[JPEA, 2006]

While the guidance for PV research activities rorgg there is a distinct lack of guidance and
support from the government regarding the markeinyresearch projects exist to make PV
competitive and able to support itself in a variefymarkets (PV 2030 Roadmap) however
subsidized projects mostly provide research fumdkret installation aids. With the exception of
the field test programs, aimed at gaining expegemdth installing PV systems, there are
currently few market aids. Since the end of theid@gial Dissemination Program in 2005 no
general market support has been given to the indtmt the formation of a market nor are there
any installation targets. The aim of the PV2030 dRoap is to make PV competitive with the
current energy technologies. As such the playexduding the government, agree that PV is
currently not financially competitive.

Although the government has no installation tarf@tsenewable technologies, it does have high
reduction goals such as cutting greenhouse gassiemisand reducing the country’s oil
dependence. However the current PV market is mgelanough to actively contribute to these
goals. Government officials appear to realize thmnl recent reports indicate the Japanese
government is planning to initiate a new subsidsteayn for home owners aimed at halving the
costs of buying solar power systems in Japan. EeuR008] “We don't want to depend on
subsidies,” as Shoji Watanabe, who leads the mytishew energy policy team, explains. "We
are hopeful that technology would eventually lowetar energy prices far enough that people
will have an incentive to use it. Until then, subss or other state support, such as tax breads, ar
necessary." [businessGreen, 2008] This is in respado Prime Minister Yasuo Fukuda’'s new
target to cut greenhouse gas emissions by 60-80f% éurrent levels by 2050. [Reuters, 2008]
However, whether the budget will in fact be allechtis still uncertain as previous calls to
reinstate the residential subsidy were rejectethbyFinance Ministry. [businessGreen, 2008]

4.8.3 Industry

The PV industry is represented in the PV brancrameation JPEA. However, not only PV
manufacturers are members of JPEA, also: utilisappliers and equipment manufacturers. The
organization has existed for a long time and isngportant speaking partner of the government.
They have reportedly managed to persuade the gmesrtnto focus on market introduction
instead of research in the 1990’s, and convinced gbvernment to extend the Residential
Dissemination Program for an additional two yedtsrat was supposed to end in 2003. [JPEA,
2008] It is the main consultant of the governmegfarding market related questions.
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The JPEA agrees with industrial and academic arthat the price of PV is still too high to
allow the market to expand to users who buy onnfirel considerations. As such the
organization has been trying to obtain new markeémtives. [JPEA, 2006] PV manufacturing
companies have indicated that they would like mairkeentives but most don’t expect one to be
initiated since the government states the origgwdl of the subsidy (creation of sustainable
residential market) has been reached.

Also the manufacturers themselves seem to be meseested in the Japanese domestic market
then in the foreign markets. As a result they migbt be working as hard as they could to
convince the government to initiate a new schenmes& concerns are shared by the JPEA and
RTS. [JPEA, 2006] “...Japan’s PV industry should manel more strongly urge not only METI
and MoE but also all the other ministries and ageneas well as 47 prefectures to direct the
country toward further dissemination of the PV eyst’ [RTS, 2008, p.7]

4.8.4 Utilities

In Japan, the ten largest utilities are gatherethenFederation of Electrical Power Companies
(FEPC). Utilities are very powerful in Japan and aot so keen on the large-scale diffusion of
solar cells in the market. The Japanese energy aoiepdislike PV for 2 main reasons. The first
deals with grid stability concerns because the pawgput from renewable sources is unstable.
However recent research has pointed out that shinly a problem if more than 10% of the
energy comes from PV. [JPEA, 2008] As the JPEAgoaut; “Currently we are at less than 1%,
so why do we need to discuss the 10% case? Fandisé part it is the cost. They loose profit
because of lost customers due to PV, as well agtibg are required to buy the surplus energy
from the house.” [JPEA, 2008] The second reasoduis to the inherent loss of customers
associated with PV dissemination. Home-ownershhae PV installed take less energy from the
electricity grid while at the same time the powempanies buy the extra electricity the homes
generate. However as this energy also counts texhaidr RPS quota, this installed capacity also
has its advantages.

Judging from the main utilities’ websites (TEPCQrisai Electric Power, Tohoku Electric Power
...), the utilities appear to favor nuclear power.char, like PV, is one of the technologies the
Japanese has high hopes for. The ‘Nuclear PowadomtPlan’ in the New National Energy
Strategy gives a target of 30% to 40% nuclear poler2030. [ANRE, 2006] The power
companies appear to work with PV to satisfy the Ri®Sand for public approval. As explained
by the JPEA: “The utilities are also members of JREA but they are not so active in the PV
field. Their core interest is nuclear power. Howeweorder to use nuclear power they first need
the consensus of the people, and they need to da BMer to get this consent.” [JPEA, 2008]

4.8.5 Universities

At the moment researchers at universities and relseastitutes are adapting the technology to
allow energy stability. Mostly this is done thréugreating small areas of PV which are
connected to the grid separately (buffers and g&raThey are focusing on micro-grids and
separating PV from the grid through batteries. Hmvehere are indications that the adaptation
of the technology is mostly to satisfy the utiktieAs Professor Kurokawa explains “I'm being
clear of what | want, but there is tough oppositicom the utilities. [..] We now need to change
the technology (make the PV systems autonomous tinenknergy grid) in other to let it work in
the market.” [Kurokawa, 2008]
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These system design processes are also being segpay the government through research
budgets. Considering the influence of the industnygovernment research goals and budget
allocation, this could be a way of industry to waround the utilities

4.8.6 End-users

There are no large, well-known consumer organinatim promote PV. However there are no
indications that this forms a problem. Specificenest organizations such as environmental
groups are in general not common-place in Japan.

4.8.7 Suppliers

As mentioned in the previous sections there igyhtffor silicon between the micro-electronics
and PV industry. Most of the respondents considéredack of silicon a market issue in which
companies and institutes do not have much cordist because it depends on other industries
like semi-conductors and TFT’s. As Arno Smets oEAlexplains: “In the past, the solar cell
industry has always had to work with the leftovieosn the semiconductor industry. So, this field
was not really connected to the solar cell wordatEhmaybe also one of the reasons of the
current shortage of silicon.” [Smets, 2008] Howeaethe moment a large number of suppliers
are announcing the construction of factories spmedly for solar cell production. The large
increase of demand from PV has made suppliers asfdhe (potential) benefits of supplying to
this industry, if they weren't already beforehand.

Many other respondents pointed out the need of faaturers to not just focus on silicon but to
take all parts of the supply chain into considerati“The PV industry should invest in Si
feedstock, but also watch out for more downstreaadycts such as sheet glass. Investments
should be done here since the surface area of Bxp@nding. For thin-film technologies, a very
special type of glass is used, which only a limiteginber of manufacturers can produce. In the
future, also keep an eye on the power electromdsstry, e.g. the production of suitable
inverters.” [Kurokawa, 2008] Kaneka has also ndteat the competition with other industries is
not limited to silicon but also the production teology. “The process technology for these
industries is fairly similar but if the TFT's or m&conductors get more attention from
researchers, the process technology for amorphitiagnswill start to fall behind.” [Kaneka,
2008b] However how the manufacturing companiestteaihiese concerns is unclear.

4.8.8 Conclusion

Lobbying activities are formalized; the governmembstly receives input from outside actors
such as industry through advice-giving sessiongkvhre incorporated into the basic government
structure.

The governmenthas been a main promoter of solar cells and has bapporting research
activities for over 30 years. PV is included in timajor government energy plans. However
regarding market promotion, the government focuses research to reach parity. The
government stopped the market subsidy program 0% 20d appears unwilling to institute a new
scheme.

The industryis organized in the JPEA, which appears to be qutzessful in convincing the
government to initiate and continue market incesgi\However at the moment the individual PV
manufacturing companies are not paying much attento the domestic market which is
perceived as a major problem for the domestic nidrk¢he JPEA and RTS.

Theutilities are more interested in nuclear than PV. They aneenmberested in grid-stability and
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therefore dislike PV. They promote renewable emsripr corporate image.

University researchers appear to see utilities as a hindddaor as they are adapting the
technology to make the technology mostly indepenttem the utilities.

There are naiserorganizations however there are no indicationstthiatforms a problem.

The need for manufacturers to pay attention tor teeppliershas been mentioned by many
actors. Suppliers of the silicon industry can am¥ehput more attention to other industries

(micro-industry for silicon, TFT for thin-film madhery) which might cause problems for the PV
industry in the long run.
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4.9 Virtuous and vicious cycles

In this chapter we will look at the presence ofiais and virtuous cycles and look at the main
promoting and limiting factors for the developmend diffusion of PV in Japan. We will start

with an analysis of the PV sector in general amnehthontinue with analyses of the specific
technologies.

4.9.1 Development

There is strong guidance in Japan for PV reseactivitees. The future direction of PV is

presented in the PV2030 Roadmap through clear n&dsdargets and is incorporated in the

government’s New National Energy Strategy (F4 guo#d. The PV2030 Roadmap (F4) was a

collaborative effort of governmental, academic amtlstry cycles (F7 advocacy). To achieve the

targets the government provides financial suppmthe solar cell industry, mainly through the

NEDO research and field test projects (F6 resojrces

These projects have four positive effects on tluter processes within the innovation system

and thereby greatly promote the functioning ofitir@vation system.

1. Entrepreneurial activities (F1) are promoted, asuph the NEDO research projects
companies are involved in the development procdédso, the projects have helped
companies overcome the large technical and finhmtifculties that become prominent
when transforming a technology into a prototype.

2. Knowledge development (F2) is greatly promoted as tb these long-standing research
activities Japan has a large knowledge base (legvy searching), which has facilitated the
expansion of production (learning by doing). TheINE Field Test projects also help the
research activities by providing learning by usapgportunities.

3. The projects facilitate the dissemination of knalge (F3). Also cooperative research
improves knowledge exchange as do the publishingfofmation within the projects.

As such we can identify a virtuous R&D cycle basedexpectations. The performed research

increases expectations of the technology’s cap@silito fulfill the government’s reduction

targets (F4), which have also been proven (in parthe large domestic market. As such the
technology has gained a certain legitimization witthe government as a valid option to attain
the desired targets (F7).

enirepreneurial

Figure 4.8: Japanese virtuous R&D cycle
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4.9.2 Diffusion

We can also identify a virtuous cycle when lookiigthe diffusion of PV during the period
1993-2005. Lobby activities of the JPEA (F7) repdly facilitated the initiation of the
Residential Dissemination Programme (F6). This mogne led to the creation of a large
domestic PV market, which became the largest imibidd (F5 market formation). As the market
grew more entrepreneurs were attracted to the makayo (1997), MHI (2002), etc. (F1). Due
to the lobby-type activities by the entrepreneunsough the JPEA (F7) the Residential
Dissemination Program was continued for an addati@nyears (F6).
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Figure 4.9: Japanese virtuous diffusion cycle

The situation is different for the present. Sin€@®%, the end of dissemination programme, the
Japanese PV market growth has stagnated. Howefaebge analyze this problem we need to
ask ourselves whether the lack of a large marketallg constitutes a problem. It is not the
government’s job to make ‘unprofitable’ technolagfmancially attractive by keeping them on a
‘subsidy drip’. Is it really necessary for Japarhve a large domestic market of its own? Might
the government be content with selling its prodattsad? Or perhaps the Japanese government
would prefer to wait until the technology has beeofmancially attractive before initiating a
subsidy scheme. Achieving grid-parity is afterta goal of the PV 2030 Roadmap, which the
government supports and funds through the NEDCarekeorojects.

However for our analysis we will assume a large ésiic market is currently desirable. Recent
reports indicate that several government institudesvell as the prime minister, wish to initiate a
new scheme in order for the government to reachntbitious greenhouse targets. However the
Finance Ministry appears reluctant as it has regegrevious calls to reinstate the residential
subsidy system. The environment has always beeh big the Japanese political agenda.
Although the government has no installation tarf@tsenewable technologies, it does have high
reduction goals; cutting greenhouse gas emissioB0b§0% by 2050, reducing oil dependence
and so on. As PV has proven itself as a valid opttoachieve these goals it appears logical for
the government to wish to use this technology &xhets reduction goals, and in order to reach
these goals action would have to be taken as sopossible.
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While the guidance for PV research activities isrgjj there is a distinct lack of guidance from
the government regarding the market. The Japanesermgnent has set strict targets for
greenhouse gas reduction but no clear implementédigets for renewable energy sources (F4).
There is also currently no market support (F6) ebeugh it is accepted by all parties including
the government (incorporated in New National Eneédthategy and PV2030 Roadmap) that solar
cells are not yet competitive in the market (F5).

Activities from industry and academic circles couidrn this around by motivating the
government to set targets for PV (in collaboratianyl reserve funds for market support (F7).
Their activities have proven to be quite effectivehe past; the PV2030 Roadmap was initiated
and governed by Professor Kurokawa, before it viclsegd-up by NEDO, and the JPEA managed
to extend the Residential Dissemination Programadditional two years. Unfortunately the
foreign markets are growing so fast the Japanesen®Mifacturers are focusing highly on these
markets (F1). As explained by the JPEA and RTSfdbas on foreign markets means that the
Japanese PV manufacturers do not try to promote dibmestic market as much (F7).
Entrepreneurs are selling increasing number of sells abroad and are increasing production to
meet foreign demand (F1). The production incredsdbler constrain the silicon supply (F6)
pushing up the prices of solar cells, and sincenaay PV cells are sent abroad domestic prices
are rising even further. The increased prices coethiwith the stop of the residential
dissemination program appear to reduce interesplar cells (F5). The reduced market means
entrepreneurs are less interested in it, leadingedoiced lobby activities (F7). This means no
alleviation measures for the market are promotetifarn in place (F5) which further constrains
the market, meaning more entrepreneurs will focuthe market abroad (F1).

The situation appears to be causing a vicious @ftctke moment. However this situation should
be resolved in the near future as the silicon suppll no longer be constraint by 2009-2010.
There are also reports the Japanese governmelanisimg to initiate a new subsidy system for
home owners aimed at halving the costs of buyirgrgmower systems in Japan which should
improve the domestic market (F5). However, whetherbudget will in fact be allocated without
lobby activities by the industry is still uncerta@as previous calls to reinstate the residential
subsidy were rejected by the Finance Ministry (F7).
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Figure 4.10: Japanese vicious diffusion cycle
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4.9.3 Crystalline silicon solar cells

Crystalline silicon is the main type of solar celluse today and as such a lot of knowledge is
being gained through the production (learning byngpand diffusion (learning by using) of
crystalline silicon solar cells. The knowledge baseJapan is large (F2) however as the
technology is quite advanced most of the resear@dpplied which means most of the research
lies with the manufacturing companies (learning d®arching). These companies are more
reluctant to collaborate regarding research howeedlaboration with research institutes and
their equipment suppliers is continuing within NE@@pjects. And there are many seminars,
symposia and journals where knowledge is still exgfed (F2). Unfortunately due to the fact
that the production of c-Si solar cells requiragdéaamount of silicon, whose supply is constraint
(F6), this type of solar cell is becoming less dapwith entrepreneurs (F1). As is evidenced by
the fact that out of the four producers, Hitachs Isald its c-Si activities and Sharp is mostly
increasing its thin-film silicon production. The magromoting factor of c-Si solar cells is their
proven performance and reliability (F4), as suck thnovation is expected to remain an
important part of the market even though its masketre will drop (F5). In general we can say
the lack of access to silicon is the main consingirfactor for the c-Si innovation system, a
situation which is most likely due to lack of effdry entrepreneurs to ensure a sufficient supply
(F7). The shortage has turned entrepreneurs away this type of solar cell leading to reduced
market shares (F4) and thereby less prospectofential new entrepreneurs (F1).

There appears to be a vicious cycle. The lack foftelby entrepreneurs to ensure a stable supply
of silicon (F7) has (amongst other factors) legrmblems for entrepreneurs to obtain a sufficient
supply (F6) which has pushed entrepreneurs awayn ftbis technology (F1) towards
technologies that use less or no silicon. Evendghaihe silicon supply is expected to increase
within a few years, entrepreneurs have alreadyteshiind are not expected to return (F1) as
development in the other types of solar cells aa&ing them competitive with crystalline silicon
solar cells.
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Figure 4.11: Crystalline silicon vicious diffusion cycle
4.9.4 Thin-film silicon solar cells

No specific cycles were found for the tf-Si TSIBpugh several factors were determined to be
important in the development and diffusion of tkeehnology. While the silicon shortage has
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negative effects on the c-Si TSIS, it is the maotiwating factor for tf-Si solar cells. The silicon
shortage has increased attention to thin-film ailisolar cells which uses only about 1/1@g

the amount of crystalline silicon (F6). Thin-filnlison solar cells first became a hot research
topic after a technological breakthrough in 197dvetd its uses for a variety of applications,
including solar cells and TFT (F4). This overlapmotes the further development of the solar
cell and also allows new players to enter productad research fairly easily (F1). The main
problem for new entrants is the fierce competitonthe Japanese PV market. This mostly likely
has prompted, the only new entrant, Fuji Electyist&ms, to aim at specialized applications (F5).
There is also the fact that all of the currentiliten manufacturing companies are also
investigating stacked solar cells. In general giegps that interest into thin-film silicon solagdi
with short-term production increases, while stackeldr cells are deemed more important in the
long-term due to their higher efficiencies.

As thin-films silicon cells have been in productifum quite some time, a lot of information has
been gathered through production and diffusion .(Fhough the technology is getting more
advanced which is making knowledge exchange mdfeudi there are still points where all
would benefit and collaborative research efforess@ntinuing (F3).

4.9.5 Stacked silicon solar cells

A virtuous cycle was found for the development taicked silicon solar cells. As stacked silicon
solar cells have a higher efficiency coupled withemuivalent low silicon need (F6), they are
more attractive than thin-film silicon solar cdits entrepreneurs. Also because they are based on
fundamental thin-film technology it is easy for thetrepreneurs producing tf-Si solar cells to
move into stacked silicon solar cells, as theydoimmg (F1). This also allows them to benefit
from tf-Si research activities which are being eeshed and discussed extensively (F2). Also as
the same actors are involved, knowledge exchangecisrring through the same network and at
the same events, greatly promoting knowledge exgdh4R3). The solar cells are now entering
the market in specialized applications (high edfiay, low weight). The use of the solar cells in
the market combined with the research that is ped shows the potential of the solar cells.
Though they are currently in a niche market comftdeis growing that they will play an
important part in the future, and they are expettdrhve large share of the market (F4).
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Figure 4.12: Stacked silicon virtuous R&D cycle
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4.9.6 CIS solar cells

CIS solar cells recently entered the market asrecdcompetitor to Silicon solar cells and are
gaining ground (F5). The cells have good cost redagrospects which would make them very
suitable for achieving the industry’s goals of casimpetitiveness (F4), which is their main
motivating factor. However in the current climatiesdicon shortages concerns have been raised
regarding the availability of Indium (F6). The uneénty surrounding this issue, combined with
the large costs associated with researching Ck&eimost likely reason (potential) entrepreneurs
are put off of this type of cell (F1). The fact &S differs so much from other types of cells is
also not a beneficial factor. The CIS research camty is fairly small in Japan with only two
companies and several small scattered groups iegdiv2). These companies do not collaborate,
afraid to lose their advantage when exposing ttezihnology (F3). The fact that the research
community is small and scattered also results misgues hindering knowledge processes. First
of, learning by doing is difficult as only a fewsearch groups can fabricate their own cells.
Secondly, knowledge exchange in this TSIS is \atlthe small research groups are scattered,
however no formalized exchange methods are préB&t Thirdly, the small number of groups
has prompted the government to keep the groupsatepa ensure no work is being done twice,
however this also means that their basic technefogiiffer, making research that is being
performed not necessarily beneficial for all otB¢® researchers (F3).

As such we can find a vicious R&D cycle where theal scattered research community (F2) is
not allowing for good knowledge diffusion (F3). $hin turn is causing problems with the
perception of the technology and thereby less este(F4). However there are some good
prospects as the small research groups are exptxteel combined into larger groups which
should facilitate knowledge creation and diffusion.
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Figure 4.13: CIS vicious R&D cycle

4.9.7 Dye-sensitized solar cells

No cycles were found for the DSC TSIS however saviactors were found to be important in
the diffusion and development of the technologyc@ding to DSC researchers, DSC solar cells
show a lot of potential to achieve the target ofl grarity through the reduction of production
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cost. (F4) As they are not based on the semi-cdaoduredustry, DSC solar cells offer business
openings for companies from different fields, sashthe chemical industry. Also it is easy for
small companies to start as no heavy machinemqgsired for production. The combination of a
new technological field and ease-of-production iBatvhas attracted many companies and
research institutes to this type of solar cell anelits main promoting factors. As a result many
small companies have entered the PV market foffiteetime (F1). One effect of this is that
collaboration between companies is more commoneplax share the costs of research and
development (F3). Even so many small companies btomped DSC research due to financial
difficulties (F6).

The main technological problem with DSC solar cédlghat they still suffer from long-term
stability issues, which makes them unsuitable fowgr applications at this time. However, there
are concerns in the PV industry that DSC solarsceill never be ready to enter the power
application market. Nevertheless, the general censeis that these types of cells are very well
suited for consumer products (F4), and they willplé on the market in this form for the first
time this year (F5). However research into DSC tgdetuses on power-applications, since this
is the government’s main area of focus. As suchpaones will most likely not receive much aid
from the government when starting in these appboat(F2).

4.9.8 Polymer solar cells

No cycles were found for the polymer TSIS howewwresal factors were found to be important
in the development of polymer solar cells. The séctype of organic solar cell, the polymer
solar cell, is currently in an early stage of depahent. As there is overlap between the research
fields of DSC and polymer, they profit from eaclhets research. As such the situation is a bit
similar to thin-film silicon and stacked siliconlapbcells as research is exchanged through the
same media and experts, the ‘organics group’ @oal @xample of this (F3). Most of the research
is only in the basic research stage which is te#l fof academic research (F2). As such its
inclusion in the PV 2030 Roadmap is an importargtdia stimulating development of the
technology though it is still far from power-typpmications. As it is expected to take quite some
time before a sufficiently large efficiency, stalyiland durability is reached (F4) to be able to
compete with other types of solar cells, they areas popular with companies as DSC. However
large companies such as Sharp are researching @obatar cells (F1) and are expecting to put
them onto the market in the future (F5). As thesepart of large group companies they have the
necessary resources to perform such basic resaetichies (F6).
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5. Comparison to the Dutch PV IS

In this chapter we will make a comparison betwedam Dutch and Japanese PV Innovation
Systems. The Dutch PV IS was evaluated using atyaof empiric sources, including the
analysis of the Dutch PV 18.We will start this chapter with an evaluation loé tDutch PV. First
we will look at the structure of the Dutch PV I8eh the fulfilment of the processes within the IS
and we will finish with an analysis of the main prating and limiting factors of PV in the
Netherlands by determining the presence of virtuanus vicious cycles. Next we will compare
the Dutch and Japanese PV IS. Based on this cosoparive will end with three
recommendations to the Dutch government.

5.1 Structure of the Dutch PV IS

5.1.1 Government system

There are two ministries which are most involvedha Dutch PV IS; the Ministry of Housing,
Spatial Planning and the Environment (VROM) and Migistry of Economic Affairs (EZ). Of
these, EZ is responsible for both monetary issndseaergy policy.

SenterNovem is theubsidy provideof the government. This agency has been responfible
the renewable energy subsidy programs.

The Sustainable Electricity Supply Platform (SE€Rjembers represent the energy industry and
other important groups, including: the Ministry BEonomic Affairs, Tennet (electricity grid
owner), NUON, ECN, Greenpeace and EnergieNed. Thetfopm distinguishes four
complementary main routes to make the electricippdy in the Netherlands sustainable.

In 2006 the platform appointed PV as one of theggn&ansition paths. [Swens, 2006] This led
to the formation of a PV transition working growwprking group for Solar Photovoltaic
Systems, the ‘Committee on Solar PV’. This workugrespecified the details of the transition
path and formulated a strategy for deployment of PVthe Netherlands, including a
recommendation for a market implementation supgcreme.

Local governmentsuch as the municipalities of Zeist and Alkmaar previding additional
subsidy schemes.

The government is also dependent on the decisidnthe European Union (EU) when
establishing its energy policy. The InternationateEyy Agency (IEA) is responsible for
international energy policy. Its solar heating aadling programme has continued since 1977.
[Montfoort & Ros, 2008]

5.1.2 Demand
The Dutch housing market can be categorised agplysdriven marketProject developers
realize many large-scale housing projects in wiocal governments usually play an important

" The research results of the analysis of the DBi¢Hransition path were provided by Dr. Simona Neigr
confidence and were used as background inform&tioour own investigation and analysis. Referereg{iNegro,
2008]

%8 platform Duurzame Elektriciteitsvoorziening (PDE¥pr more information:
http://www.senternovem.nl/energytransition/themestisinable_electricity _platform/index.asp
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part. Home owners simply buy what is availablelmnmarket. In general consumers are not very
familiar with durable living concepts. [Montfoort Ros, 2008]

Unfortunatelyarchitectsare not very enthusiastic about PV. Many are omtydentally involved

in architectural design in which solar powered mesuneed to be incorporated and when they do
most of the architects feel constraint in theiratirgty. Only a few always incorporate solar
power into their designs. [Montfoort & Ros, 2008]

Distributors andinstallers are present in the market, such as the companpr8tverk Energy
BV. However their activities are lacking customensgces and system guarantees. [Negro, 2008]

5.1.3 Intermediaries

The Dutch PVbranch organizationis Holland Solar (HS). HS is growing due to the royed
prospects of PV in the Netherlands and an incrgasimber of parties are becoming members.
The organization is becoming an important spealpagner for the government. HS is co-
founder of the Dutch Renewable Energy Association.

This association, also known as ‘De Koepel’ (DumgaEnergie Koepel) aims to stimulate the
development of renewable energy technologies inNigierlands by influencing governmental
policy and to increase political and public supp@ushing for more consistent and stimulating
policies and for the removal of administrative s for renewable energy generation are the
main priorities. [DE Koepel, 2008]

Several other industry branch organizations hawnbevolved in the PV industry in the past,
such as Uneto VNI (Branch Organisation Electro4técdl Installers), VEBI-DAK (Branch
Organization for Roofers), Association of Dutchhatects (‘Bond van Nederlandse Architecten
(BNA)), and the ‘Groene installateur’ (Green inkgl However these have retreated due to the
small market. The expertise they have gained ietbee slowly disappearing.

There are also several organizations aimed abwreersof PV systems. These have been very
active the last few years to fill the informatioapgleft by the PV manufacturers, retailers and
installers. [Negro, 2008]

Interest in PV from thénancial worldis increasing however the financial world is dtittited in

its knowledge of the rapidly developing solar aelrket. ABN-AMRO bank, in collaboration
with Seinen Construction and the municipality obfingen, developed a financing scheme, in
which financing of energy efficiency and renewableergy applications in buildings could be
included in the mortgage, and could be financedopnof the calculated allowable maximum of
the mortgage. [Swens, 2006]

5.1.4 Supply
Most of the Dutch PV manufacturing companies aralsto middle sized. Companies that are
active on the market include:

APA (Advanced Photovoltaic Applications) was founded®006. It will produce solar cells at 2

locations in Leeuwarden. The company’s first spkanels will be produced in the 2nd quarter of
2009. The production facilities are currently undenstruction. By 2015 APA aims to cover
20% of the market shares for solar cells.

APA Dbelongs to a group of companies that jointlwerothe whole range from solar cells

development to market implementation, the ‘A groui@gether with i.e. Advanced Surface
Technology BV (AST) and Advanced Water Splitting BAWS). [APA, 2008]
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Helianthosbecame a full subsidiary of Nuon in 2006. At timel @f 2007 the construction of a
pilot plant was started in Arnhem, it is expectedstart producing in the third quarter of 2008.
[Nuon Helianthos, 2008; Nuon, 2008]

Scheuten Solanvests in Germany in silicon solar cells but hecently started a test-factory for
CIS-technology in the Netherlands. [Nieuwsbank,&00

Shellstopped production of silicon solar cell in the INgtands in 2003. At the moment they aim
for thin-film solar cell (in collaboration with gés-giant Saint-Gobin) and CIS solar cell
production abroad. [Montfoort & Ros, 2008; Energeat, 2007]

Solland Solaris a German/Dutch company. It started productibsilccon solar cells in 2005
with 20 MW/year, which has been increased to 60 yB&Y by 2007. [Montfoort & Ros, 2008]

Ubbink Solamproduces 2.6 MW of solar cell modules. [Swens,6200

Lastly, the power company Delta invested in a ne@®@NEspin-off company calledGS
Development[PVPS, 2007]

5.1.5 Knowledge infrastructure

The mainuniversitiesworking on PV research are: Technical UniversitydBioven (TU/e),
Technical University of Delft (TUD), University oftrecht (UU) and the University of
Groningen (Rijksuniversitiet Groningen (RuG)). [Mfwort & Ros, 2008]

Theresearch institutegvolved in solar cell research include: TNEnergieonderzoek Centrum
Nederland (ECN), and Front-End Silicon TechnologyRhotovoltaics (FEST).

There are also severatompanies doing into PV, such as: Solland Solar, Sunergy,
Nuon/Helianthos, Scheuten Solar, AST (Advanced &arfTechnology), Shell [Montfoort &
Ros, 2008]
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5.2 Functional analysis of the Dutch PV IS
After looking at the structure of the Dutch PV IBthe previous paragraph, we will now look at
its functioning by evaluating the seven system fians.

5.2.1 Entrepreneurial activities

A relatively large number of companies are activéhie Dutch PV industry considering there is
currently not much of a domestic market. The em&epurs are small to medium-sized
companies which are mostly new entrants into theifdstry. In fact many of the current
companies have been founded in the last five y&#es.only multi-national company involved in
PV in the Netherlands is Shell.

In general, entrepreneurs are very active as theystarting and/or expanding production.
Solland Solar is currently the fastest growing campin the Netherlands, and companies such
as Scheuten, Nuon/Helianthos and AST/APA have amrexli the construction of production
lines in the Netherlands. As the Dutch market isl§rthe manufacturers are focusing on foreign
markets, in particular Germany.

5.2.2 Knowledge development

Learning by searching

The Netherlands is very strong in solar cell redeailhough the country is small, it is an
important player in the international research camity. The Netherlands is a technology
provider for a large part of the worldwide PV inttys ECN delivers production and process-
technology to both Dutch and foreign producers, tedcountry also plays an important role in
the EU PV Technology Platform. ECN coordinates @Gifear, a large EU-project. TNO and
universities such as TU/e, TUD, UU, etc, take partDutch development activities and
participate in many EU-PV projects.

The most active knowledge institutes are ECN, TN aniversities. There are also several
companies which invest heavily in research howévese focus mostly on applied research. As
professor Zeman states “Dutch PV companies argeatadoing fundamental research.” [Zeman,
2008]

Learning by doing

The first PV factory in the Netherlands was bujitHiolecsol Components BV in 1981. [Verbong
et al., 2001] Over the years the industry has mediag achieve quite some price reductions (see
figure below), which indicate learning by doing iaittes have taken place. Though prices
increased around 2005 due to the silicon short#ge, module prices have regained their
decreasing line. However as they production voluaresstill fairly small the market can not yet
benefit from reduced prices due to economies désca

Learning by using

Dutch PV companies are installing their productforeign markets and are thereby able to gain
experience to adapt their products to a real-ktirsg. However the small Dutch market means
Dutch PV installers are not gaining much experienith installing solar cells in the Dutch
system. The Netherlands has a specific buildindittcam and as such requires development of
standardization criteria specifically aimed at tBeitch situation, development of prefab
applications and the built of knowledge and expexeof construction risks. [Menkveld et al.,
2004 in: Montfoort & Ros, 2008]

There have been several projects aimed at gaixipgrience with installing solar systems in the
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Netherlands. Examples are the large-scale projectsleerhugowaard and the Nieuwland
neighbourhood in Amersfoort. Through these projectgportant information was gained
concerning construction risks, such as water leakag slanted roofs, fire hazards, and the
disappointing life-expectancy of invertors and thim solar cells in real-life situations.
[Montfoort & Ros, 2008] Research at vacation pat& Groene Leguaan’ (the Green Iguana) in
Stavoren shows that the installation and the ptpoithe inverter are just as important as the
conversion efficiency of the solar panel. [Montfio& Ros, 2008] The main technical problems
architects and installers are faced with are; dagethe solar module edges, and connecting the
panels to the other roof materials. [Montfoort &R@008]

In the building community there are many playerswéver of these only a fraction has
participated in these types of demonstration ptsjaad gained experience. [Montfoort & Ros,
2008] Unfortunately no government budget was ab&ldor demonstration of field trials in
2006, to improve this situation. [PVPS, 2007] Farthore, with the small domestic market,
important branch organizations from the built eomiment have retreated from the PV market
and expertise gained during previous market sulyzidgrams is disappearify.

Typical module prices
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Figure 5.1: Typical module prices
Small flat- or pitched roof mounted systems (ntetgrated) of 0.1 to 1.0 kW
Source: [Swens, 2006]

5.2.3 Knowledge diffusion

Collaboration

There are many collaborative efforts within the essh community. The three technical
universities collaborate heavily. As Professor ZemTU Delft explains; “We have many joint

projects. At the moment we have about three or foojects together with TU/e funded by
SenterNovem. Twente has a different research ftyous us so we collaborate less with Twente
than with TU/e. Twente is interested in systembnetgy.” [Zeman, 2008]

There are also many collaborative efforts betweea different universities and research
institutes, usually combined with companies. Asf&sor Zeman explains: “We have two types

%9 See paragraph 5.1.3
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of research projects: basic research and moreespgdsearch. Most of our research projects have
an industrial partner. | would say the divisionvbetn the two types is about 50-50. However,
even in the basic research projects an industaidhpr is usually involved.” [Zeman, 2008]

The PV-section of the TU Delft collaborates withot@utch PV companies: NUON and OM&T.
[Zeman, 2008] Scheuten Solar collaborates with BGN TNO. [Scheuten, 2008] ECN and TNO
cooperate on research for the built environmelettitbuilding future”. [Montfoort & Ros, 2008;
Building Future, 2008] One of the most successhlibborations is the Helianthos project which
was executed by TU Delft, TU Eindhoven, UniversifyUtrecht and TNO-TPD, Shell Solar and
Akzo-Nobel and resulted in a new fabrication tedbgg for flexible solar cells. Nuon has now
taken over the project and its subsidiary Heliaastidl start production soon. [NODE, 2008]

Formalized exchange methods

There are several Dutch events where knowledge aggeh can take place, these include:
‘Landelijk De Zonneceldag’ (The National Solar Day)d the Joint Solar Program (twice a year).
The type of knowledge that is exchanged during ehegents mostly consists of research
information. Unfortunately feedback from practicelacking, especially monitoring of existing
systems is not arranged in the Netherlands. [N&§}03]

Similar to Japan, the events are not just meanhformation exchange but are also important as
they are an opportunity to meet others in the fadlé@V. The importance of events and personal
contact for researchers can be seen from Prof@esoan’s list of ways he keeps up-to-date of
research activities in the Netherlands, which alloflve around meeting others in contrast to
written sources. “I keep informed in four ways.sEiand foremost through the research project
meetings and big conferences. The project meeting®nce every half year and a great way to
meet people, exchange information and ideas agéneral just keep in touch. Secondly, there is
the National PV day. Thirdly, the workshops. Lastlkeep up-to-date by just keeping in touch
with my fellow researchers.” [Zeman, 2008]

5.2.4 Guidance of the search

Vision

The Sustainable Electricity Supply Platform (SE&&3 put down a vision towards a sustainable

energy supply; the document ‘New Energy for ClimBtdicy’. This document articulates the

Clean and Efficient (Schoon en Zuinig) work prognaewhich describes how the Netherlands is

aiming to have one of the most efficient and clsaeeergy systems in Europe by the year 2020.

[SESP, 2006]

The SESP distinguishes four complementary mainesotd make the electricity supply in the

Netherlands sustainable. In 2006 the platform appdiPV as one of the energy transition paths.

[Swens, 2006] The PV transition workgroup of theSPEcreated a vision for the future of PV.

The workgroup formulated a transition path for $oRVW which specified a strategy for

deployment of PV in the Netherlands and includedreeommendation for a market

implementation support scheme. [Solar Workgrou)620The workgroup’s vision is widely

supported by the sector, in fact several companie involved in its creatiof!.It also unites

the existing Dutch and European vision documents:

« A Vision for Photovoltaic Technology - Report byetliPhotovoltaic Technology Research
Advisory Council PV-TRAC

% The group consisted of representatives from: $oteem, ECN, SolandSolar, NUON, Stichting De Koepel
Eindhoven University of Technology and Econcern.
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- Improving the European and National Support Syst@mBhotovoltaics - PV Policy Group

« Zonneklaar - the Advisory Council for Research on SpatialnRlag, Nature and the
Environment (RMNO)

« Transition Path for Solar Electricity- The Roadntdplolland Solar

Overall, the SESP are counting on a ‘modest’ cbation of PV of 17TWH by 2020. The agreed

upon installation goals are: 500 MW of installeghaeity by 2015, and 6 GW by 2030, which

translates to 3% of the total electricity use by8@0O[SESP, 2006; Holland Solar, 2005; Work

Solar, 2006]

The document should have been an input for a néav sell subsidy program. Unfortunately the

vision of the platform was not adopted by the gowent and the new subsidy scheme (SDE) no

longer has any relationship with the ambitionshaf platform or the proposed market approach.

[Negro, 2008] This has made the industry very scapabout the upcoming arrangement.

For PV solar energy the government mainly seesleainothe longer term, after 2020, as the

expectation in the report is that PV will reach semer price levels within ten years. However

some question whether this level can be reacheddh a short time. [Montfoort & Ros, 2008]

Targets

The government has no research or installationsgsjécifically for PV. However the Dutch
government has set targets for renewable energychwhre partly based on European
agreements. The main targets are:

* 20% renewable energy in 2020

* 2% energy savings per year

e 20-30% CO2 emission reduction 2020 as compare830 1

[DE Koepel, 20073]

Technological expectations

The technological expectations for PV developmer krge price reductions, up to the
residential tariff for solar power in 5 to 7 yeafr$iere will be increasingly cheaper systems based
on new or old technologies. As soon as the mark#tgrow, competing technologies and
systems will enter the market which is expectecetiuce the cost even further.

5.2.5 Market formation

Market characteristics

The Dutch PV market is very small accounting folyadh5MW in 2007. Due to the reasonable
market growth in the nineties the Netherlands isenily on par with countries such as Sweden
and Spain in installed capacity. However as magketth in other European countries is much
larger, the expectation is that the Netherlandsguilfurther down in the ranking without further
impulses. [Montfoort & Ros, 200&s the Dutch market is fairly small and the forelgrge, the
export market is very important to Dutch companies.

Motivation to buy

There is a lot of potential in the market as maognpanies and home-owners are interested in
this form of energy. This has been shown by thdaskpn of applications during a previous PV
subsidy programs and the interest shown in the mpwp subsidy scheme for renewable energy
sources’® On the second day of the application period fa trew subsidy already 3.900

%1 For more informationhttp://www.senternovem.nl/sde/index.agputch only)

87



individuals had requested subsidy, more than Hath® about 7.000 applications which can be
honoured. [NRC, 2008] In the period 1990-2003 tlkarly growth in the number of realized
system has always lain above 20%. [DE Koepel, 2D07b

The general consensus is that consumers in theeNemls buy solar cells based on financial
motivation. When buying a home, consumers are imegg willing to pay extra for PV; the most
mentioned amounts correspond with a pay-back periddur years. Renters are willing to pay
no more than what the solar systems deliver par. {&@ntfoort & Ros, 2008] Without a market
introduction subsidy there is barely any power gemnstalled. The total power has increased less
than 15% since the end of the previous subsidgesyst 2003. [Montfoort & Ros, 2008]

Inconsistent market support

A large problem in the formation of a Dutch domestarket lies with the sporadic government
market support. Many different schemes have regdlacee another over the years, and in some
periods in the past no replacement subsidy wastied for several years. Furthermore some of
these schemes were stopped fairly abruptly. In 20@l renewable subsidy scheme, EPR
(Energiepremieregeling) was expanded with an ilagtah subsidy for the sales of solar panels
by consumers. However in 2003 this scheme was stbpg the maximum total amount was
exceeded. [Montfoort & Ros, 2008] The next subsisigheme, MEP (Milieukwaliteit
Elektriciteitsproductie) was initiated in the sanyear with the goal of improving the
sustainability of the Dutch electricity productiddowever the scheme was not very successful,
with only a minimal amount of PV installed during run. [Montfoort & Ros, 2008] Then, in
2006, the minister of Economic Affairs suddenlypgted the subsidies for renewable energies,
the MEP, when predictions indicated the Kyoto pcotagoals (9% by 2010) would be achieved.
“Closed due to success”, as the Minister said. iN2006] Now a new subsidy scheme, the SDE
(Stimuleringsregeling Duurzame Energieproductie))l e initiated in the near future.
[Montfoort & Ros, 2008]

This starting and stopping of subsidy schemes efgibvernment is not limited to solar power,
solar thermal has also been subject to this bebawehich has been dubbed the government’s
‘stoplight behaviour’ by Holland Solar. [Montfoo& Ros, 2008] This behaviour has very
negative effects on the Dutch PV market as it eea lot of uncertainty with investors,
customers and producers. According to Rein Willdeegler of the Energy Transition Taskforce
it is paramount that government policy is set f@ long-term, stretching across multiple cabinet
periods. “That is the only way in which enough d¢defce is built to enable investing in the long
term.” [Nu.nl, 2006] Entrepreneurs, together witferyy companies and political parties such as
the SP (‘Socialistische Partij’) have announcedrtdescontent with the government’s erratic
behaviour. [ODE, 2008] As a spokesperson of Esstatéd “there is no consistent policy. You'll
have to be extra careful with new projects.” [Nu2006] Two companies, Solland Solar and
Scheuten, have actually indicated their intentmmbve production out of the country due to the
uncertainties surrounding market introduction sdilesi. [Montfoort & Ros, 2008]

The upcoming SDE subsidy program proves to be wiogpifor the market. The scheme does not
only promote PV but also other renewable energycgsuhowever it contains a special budget
for PV. As solar cells are still fairly expensive eompared to other technologies this will be
beneficial for diffusion. [Nu.nl, 2008] However thecheme is very limited, for 2008 only
between 10 and 20 MW of subsidy is available. [PVEDS8]
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5.2.6 Mobilization of resources

Financial capital

Financing for research is readily available fronarge variety of sources. A large portion of the
research support stems from European programs sischCrystal Clear, European PV
Technology Platform, FullSpectrum, Performance, ddtapult, PV Policy Group, PVSAT-2,
and PV-TRAC (Photovoltaic Technology Research AalyisCouncil). Government means are
primarily used for R&D, the total national spendiog research and development in 2006 was
9,40MEUR (94% of total budget). Only 0.6% and 5.484re spent on tax and green certificate
incentives for implementation respectively. No betdgas available for demonstration projects
or field trials. Additionally 2.5 million Euros (MER) of investment subsides were provided by
local and regional authorities. [PVPS, 2007]

As is the case in the rest of Europe, venture ahgthard to obtain for entrepreneurs however
capital is available to start a factory. Productmgnpanies can get enough money on the capital
market. The main bottleneck lies in the large técdinand financial difficulties that become
prominent when transforming a technology into agsge. [Negro, 2008]

Human capital

There is currently a lack of sufficiently well-ediied people in the PV branch and this problem
will only increase once the market grows. “The leigiglimitation is manpower. We have good
contacts in the industry, enough money, but notughomanpower.” As professor Zeman
explains, “We are pleased with the subsidies weeivecfrom SenterNovem, however the
research projects that receive funding need peaoptarry them out.” [Zeman, 2008]

Recent initiatives such as the founding of a ‘Séleademy’ are aimed to deal with this problem.
Initiator ECN works together with Solland, LIOF amte Institute of Semiconductor Electronics
(RWTH Aachen University). The academy offers pi@dtand theoretical courses for operators,
engineers and managers, working in the solar ndlistry. [Montfoort & Ros, 2008] However
with the expected growth of the PV industry dueipaoming subsidy scheme, the availability of
PV specialists is expected to remain constraitthéncoming years.

Physical resources

The worldwide shortage of silicon has had its @ffae Dutch manufacturers, as could be seen
from the price rises that took plateThere is also no silicon feedstock production lie t
Netherlands itself, making actors dependent oridieegn market.

5.2.7 Support from advocacy coalitions

Government

The government has not had a consistent policyrdeggasolar cells. The Netherlands has been
researching solar cells since the 1970’s and ttientdogy became part of the National Research
Programs in 1985. [Verbong et al., 2001] Betwee®718nd 2000 the government and industry
made a covenant aimed at creating a PV market. Hawa 2001 the government indicated it
wished to stop negotiations for a new covenant.rjtitmrt & Ros, 2008] In that year with the
‘4th National Environmental Policy Plan’ (NMP4),ettyovernment decided solar energy was a
too costly option and would not be able to contigbo the 10% renewable energy goal for 2020.
Maintaining a specific government policy for solppwer was therefore considered not
meaningful by the Ministry of Economic Affairs. [Mtoort & Ros, 2008] Since 2000 solar

% see figure 5.1
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energy has not taken a prominent place in DutcltyadMontfoort & Ros, 2008]

When looking at the domestic market the governnmeainly sees a role for solar PV in the
longer term, after 2010, when the technology hasoime financially profitable. However
technology-wise PV is most likely seen as an imgarpossible ‘export product’. An often stated
goal of the government is to make the Netherlandsnawledge country’; a country which
exports knowledge in the form of technology, naidarcts. In this regard, PV research shows a
lot of potential. The Netherlands is internatiopalery strong in PV research, and organizations
such as ECN are already technology providers forpamies both in the Netherlands and abroad.

Though the government has, from time to time, supplomarket introduction, it is not very
successful in its market subsidy policy. Thougls iinitiating a new market subsidy system for
renewable energies, there is not much confidentleisnrscheme in the industry as it is not based
on the SESP proposed vision. Furthermore, the gavent’s previous ‘unreliable’ behaviour, as
described in 5.2.5, have resulted in the situatibere part of the sector fears the subsidy scheme
may be changed or stopped suddenly.

Utilities

In general Dutch utilities are not interested inewable energies or any other ‘behind the meter’
activities. This is most likely due to the institurtal changes which took place at the start of the
century when the Dutch energy system was privatizedthe resulting competitive market,
renewable energy sources are not as interestingoweer companies, especially PV as it is
currently still a very ‘expensive’ technology. Asch most of the utilities only employ renewable
technologies for promotional value towards theistomers, to show that they are ‘green’
suppliers.

However several power companies promote the usB\bfeven after the liberalization, for
instance Nuon and Eneco Energy introduce extraidybsn PV. [Negro et al.,, 2008b]
Furthermore, two power companies are also activwolar cell manufacturing. In 2006, NUON
took over the Heliantos thin film silicon cell pilplant from AKZO and Delta invested in a new
ECN spin-off company called GS Development. [PVE®&)7]

Industry

There are several industry coalitions aimed at ptorg PV in the Netherlands however their
success has been varied. Holland Solar has putfdra vision for the future of PV and this
vision was one of the documents used as a basisdd?V transition path.

The HS is also one of the co-founders of the DiRehewable Energy Association (Stichting DE
(Duurzame Energie) Koepel), along with the NethettaBio Energy Association (Platform Bio
Energie), the Wind Energy association NWEA (formdshow as the FME groep windenergie,
PAWEX and NEWIN) and the Heat Pump Association. [R&epel, 2008] The association aims
to stimulate the development of renewables in tleh8ilands by influencing governmental
policy and to increase political and public supp@udshing for more consistent and stimulating
policies and for the removal of administrative s for renewable energy generation are its
main priorities. [DE Koepel, 2008] De Koepel wasaf the members of the workgroup which
wrote the Solar PV transition path document.

However the lobby power in favor of PV is limitethe created documents appear to be ignored
by the government and their wishes and ideas regardarket strategy are not followed. There
is a common message towards the government frof\thgector but it is not being heard. Even
the threat of relocation by Solland Solar and Stdreudid not lead to any significant
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improvements. [Montfoort & Ros, 2008]

End-users

ODE is one of the customer organizations that woesbromote the diffusion of renewable energy
sources. ODE attempts to achieve this by distmigutinformation through their website,

magazine and newsletter, and by participating iblipudiscussions. The organization has a
special solar section.

The amount of impact these organizations have dnigperception or government policy is

unclear at the moment. However they play an importale in the industry as they provide

customers with reliable customer information andpsut, functions which are missing from the
manufacturing and distributing side of the industry
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5.3 Virtuous and vicious cycles
In this paragraph we will determine the existenteiduous and vicious cycles in the Dutch PV

Innovation System.

5.3.1 Development

Research in the Netherlands is going strong. Thmtcy is very active in PV research and has
strong international ties (F2). There are many atmitative efforts in the Dutch research
community and between Dutch companies and res@astitutes (F3). This research is supported
through national and international research progréf®). The government has no clear vision
for the future of PV (F5) however it expects PVimake a significant contribution to achieving
the 20% renewable energy supply goal after 201@ éontinuing its research support activities
would be in line with its wish to make the Nethada a ‘knowledge country’ (F7). As such we
can identify a virtuous cycle.

The only limitation of the knowledge processes ireshe connection with the market. Learning
by using processes aimed specifically at the Dutshitutional framework (F2), and learning by
interacting processes between end-users and attogs @n the system are lacking (F3).
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Figure 5.2: Dutch PV industry virtuous research cycle

5.3.2 Diffusion

The current Dutch PV market is negligible. Howeusfore we start our analysis of the Dutch
PV market we will need to consider the same quesi®for the Japanese case: Does the lack of
a large market actually constitute a problem? Qmgig the many activities of industry to
advance a large PV market we can say that (for Xlbiw is certainly a problem. However the
Dutch government has indicated it only sees a fotePV after 2020, once the technology
reaches grid-parity, and as such the current smatket does not constitute a problem. On the
other hand the Dutch government has set high wrigpetitself for the year 2020 regarding
emission reduction and renewable energy, which valdifficult to reach without employing all
the technology currently available to them. Conside the fact that the opinions of the
entrepreneurs strongly influences their behaviauthe IS, and that the government will likely
need to employ PV, to some extent, to reach its02§@als, we will make the following
assumption. For our analysis we will assume that gtreferred situation is for PV to offer a
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significant contribution to the government’s 202&@luction and renewable energy targets. As
such a much larger than the current 1.5MW wouldésired, closer to the range of 30-50 M¥W.

The Dutch domestic market is currently very small $hows great potential (F5). Though Dutch
entrepreneurs are focusing on foreign markets @lR&), are interested in a domestic market and
are lobbying to get the government to implementketasubsidy schemes (F7). The PV industry
has created a vision of the future of PV in thehddands which was used as an input for the
vision towards a sustainable energy supply (F4)weéier the government has not taken over
these visions the created documents appear tonoeeid by the government and the industry’s
wishes and ideas regarding market strategy ardofiotved (F4). As such the lobby power in
favor of PV appears limited (F7).

The guidance provided by the government is alskingcas it does not have its own vision of the
future of the Dutch energy supply and its markéissy policy has been erratic (F4). Though the
government has supported market introduction inpt and will do so again in the near future
through the upcoming SDE arrangement, support babaen constant over the years (F5). With
the many switches in subsidy programs and the sudtiscontinuation of several subsidy
schemes both end-users and manufacturers are uhshey can trust in new schemes, which
will have negative effects on the formation of angéstic market (F5). The sporadic support has
already caused two entrepreneurs to threaten ¢catd their installations abroad (F1). In this
way a vicious cycle can be distinguished as caselea in the figure below.
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Figure 5.3: Dutch PV industry vicious diffusion cycle

One last problem for initiating a domestic PV marg#ll needs to be mentioned. Namely that

with the functions of knowledge development (F2y ahffusion (F3), knowledge processes

related to the domestic market are lacking. Lea@rhiy using does not take place in the domestic
market which means products and procedures aradagited to the Dutch institutional system.

Without this experience the installation cost widt be as low as abroad and the quality will

suffer until such experience can be gained. Alsqaegence that had been gained with the
previous subsidy systems is slowly being lost. \Withconsistent domestic market support this
trend will continue (F2).

% See also the calculation we made in the descnitimur first recommendation in paragraph 5.5.1.
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5.4 Comparison

Now that both the Japanese and Dutch PV Innovedygstems have been evaluated, we will
compare both IS in this section. We will first $tatith a structural comparison of the IS, after
which we will look at the differences in the fuffient of the functions.

5.4.1 Structural comparison

There are many differences and similarities betwibenNetherlands and Japan. First of, both
countries have limited natural energy supplies amdheavily reliant on external energy sources.
For this reason both countries are very interesteénewable energy sources and are investing
in renewable energy research. As such both cosnh@e a very strong PV research base.
Though the Netherlands is only a small countrysitan important player in the international
research community. However in contrast to Jagas,country is also dependent on European
rules and regulations for its PV policy.

Category | factor The Netherlands| Japan
Production| Estimated PV labour places in 2006 232 18.000
Total cell and module production jr20.6 MW 1,565 MW
2006
Installed | Total installed PV power 53,300 kW 1,918,894 kW
power Total installed per capita 3.3 W/capita 15.0 W/tapi
Cumulative domestic off-grid PY5,300 kW 1,884 kW
capacity
Cumulative non-domestic domestic 88,266 kw
off-grid PV capacity
Cumulative distributed grid- 43,500 kW 1,823,244 kW
connected PV capacity
Cumulative centralized grig-3,500 kW 5,500 kW
connected PV capacity
PV power installed 1,605 kW 210,395 kW
Public Public budgets for PV R&D in 2006 9.4 MEUR 21.80 VIE
budgets | Public budgets for — 93.5 MEUR
Demonstration/field trials in 2006
Public budgets  for market3.0 MEUR 28.5 MEUR
stimulation for PV in 2006
Pricing System prices in 2006 (grig4.8-5.5 EUR/W 4.7-5.2 EUR/W
connected)
Module prices in 2006 3.3-4.5 EUR/W 3 EUR/W
Price of an PV kWh 0.50 euro

Table 5.1: Comparison between Japan and the Netherlands

Unless indicated otherwise figures represent en2i06f7

Sources: http://www.dekoepel.org/documenten/factsheets%202RDDE%20Koepel4.DE%20in%20Ned.pdf
[PVPS, 2007; Swens, 2006yww.iea-pvps.org/

The main aspect where the two countries diffehésdize of their industry and market, as can be
seen from the table above and figures below. J&pane of the largest producers in the world,
stimulated by the subsidy program which createdulastaintial market for PV. Though the

domestic market is now stagnating the country Bl one of the largest markets in the world,

94



and is one of the main producers. The Netherlamdghe other hand has no domestic market to
speak of. However interest from customers is ptesed previous subsidy programs of the
government have resulted in a respectable amounstalfled solar power in the country.
Differences are also present in the type of mathkat is favoured. The off-grid non-domestic
market in Japan has already been established asnenercial market that does not require
subsidy. [PVPS, 2007] However as the Dutch elatyrigrid covers almost the whole Dutch
territory, off-grid domestic systems are rarelytatied in the Netherlands. [Swens, 2006]
Compared to Japan, the Netherlands has relativetg iwentralized grid-connected systems. This
type of system is in general more popular in Euampeountries. They are not always considered
appropriate in Japan due to the limited space wisicdvailable nevertheless the government is
now also supporting the development and diffusibtiig type of application.
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Figure 5.3: Cumulative installed PV power in Japan and thenbidands
Source: data used frohttp://www.iea-pvps.org/
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5.4.2 Functional comparison

When comparing the functioning of the innovatiorstsyns we see both differences and
similarities. Developmenbf PV in both countries is going strong and we olserve virtuous
cycles in both countries. Knowledge development) (&2d diffusion (F3) activities in both
countries are going strong and are supported bgakiernment through research subsidies (F6).
In both countries the government provides reseautisidies as it believes the technology can
provide a significant contribution in attaining spe reduction targets (F7). However the
Japanese appear to be surer of this than the Qotadrnment.

Where both countries differ most is in ttiéfusionof PV. Japan has one of the largest domestic
PV markets in the world which is based on environtaleconsciousness. The Netherlands had
some market growth in the past but at the momesinleamarket to speak of (F5). In contrast to
Japan, the Netherlands’ market is based on finenoigsiderations, as such financial incentives
schemes are very important.

In both countries the market shows a lot of pot#ntind past experiences with market subsidy
schemes have proven home-owners are interested Thé)main difference between the Dutch
and Japanese market subsidy schemes lies in thesistency. The Japanese subsidy scheme
continued uninterrupted for 12 years and worked witpre-defined goal; reducing installation
costs up to a certain level until the system prieached this level. During this time the
Netherlands had several subsidy schemes with \@ywals, lengths and set-ups, and some of
these schemes were ended fairly abruptly. Botlvéinging subsidy schemes and the unexpected
subsidy stops have negative effects on the Dutchni®ket as it creates uncertainty with
investors, customers and producers.

Both governments also lack a clear vision of thteirs of PV on which they might base a new
subsidy scheme (F4). However Japan is slightly clveahis area compared to the Netherlands.
Japan has a well-known national energy strategghvliiready includes solar cell research, while
the ideas and intentions of the Dutch governmegdnding the future of the energy supply are
fairly unclear.

In both countries there are problems with the lobhbipvities of the industry however the exact
problems differ (F7). In the Netherlands the PVteets unable to make itself heard with the
government. A vision for the future of the energypply was created but was not taken over by
the government. In Japan the PV industry managedheeve market support mechanisms for 12
years (F6), which have led to the creation of ayVarge market (F5). However the companies
are now losing interest in the domestic markettdude favourable foreign market.

In both countries manufacturers are aiming towéodsign markets, however as Japan is already
one of the largest producers in the world and Imasstablished (domestic) distribution network,
it has a much better starting position for exploaintthe Netherlands.
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5.5 Recommendations

In this section we will look at the promoting fagdor PV in Japan and the limiting factors for
PV in the Netherlands with the aim of discoveringsgible recommendations for the Dutch
government or industry. As we wish to learn frore thapanese situation we will focus on the
period in which we identified virtuous cycles fasth development and diffusion (1993-2005) for
our analysis. Furthermore, as the main problemis thi2 Dutch PV innovation system are related
to the diffusion of solar cells we will focus ondlarea.

5.5.1 Consistent subsidy schemes

After comparing the two innovation system in theyious section, we can see at least one point
where the Dutch IS may learn from the Japanesemi@ntaining a long-lasting, consistent
subsidy scheme.

In the Netherlands, many different schemes haviaced one another over the years, and some
of these schemes were ended fairly abruptly. Bogh varying subsidy schemes and the
unexpected subsidy stops have negative effects ieyative effects on the Dutch PV market as
it creates uncertainty with investors, customeis @noducers.

In contrast in Japan the Residential DisseminaRoogram created one of the world’s largest
markets. The subsidy program ran for uninterrupded 2 years and provided consumers with an
installation subsidy which reduced the cost of agystem up to a pre-defined level. Though the
chosen level was fairly arbitrary, the program wasy successful. It also had the effect that the
subsidy costs per installation were reduced forgtreernment. In short, the scheme led to the
creation of a large domestic PV market which imtattracted more entrepreneurs.

The recommendation to the Dutch government is tbexrdo maintain a market subsidy scheme
for a prolonged period of time, with a steady P\ddpet and fixed set-up, to reduce uncertainty
with customers, manufacturing companies and investo

The government can creatstaady PV budgdty ensuring a fixed income source for the subsidy
scheme, for instance by assigning a fixed percentdgthe fuel tax to feed directly into this
subsidy scheme, or by creating a special tax sébelthis purpose.

To ensure that theet-upof the subsidy scheme is consistent over the ykarprganization or
body of people that determine the set-up of thesislytshould be consistent as well. This would
be best implemented by allowing a separate (segyernmental organization, such as
SenterNovem, to be responsible for setting up amdht@ining a suitable subsidy scheme.
However for this to function correctly, the orgaatibn will need a clear mandate describing
what goals it needs to achieve and when. It woddeést if this mandate fits into the overall
government policy, such as a vision of the futurergy supply”® If the subsidy scheme’s goal
was part of a larger goal or vision this would #ate its budget allocation and promote
commitment from all parties.

As such, theduration of the program and theudgetallotted to such a scheme should fit into the
size of the market which is desired. For instatioe,Sustainable Electricity Supply Platform and
the HS Roadmap are counting on a ‘modest’ instatbgahcity of 500 MW by 2015, and 6 GW
by 2030, which translates to 3% of the total eleityr use by 2030. To allow the initial 2015
target, at least 55 MW will need to be installecergvyear between 2008 and 20°P5The

3 See the third recommendation in paragraph 5.5.3
% |nstalled capacity in the Netherlands at the €20@7 is 53.3 MW (see table 5.1), to achieve 500 y\2015, a
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upcoming SDE will last to at least 2011 and wilbal for an annual installed capacity of 10 to
20 MW. To achieve the SESP targets the amount osibsidy under the SDE will need to be
doubled, and the duration of the program shouldxpanded to at least 2015.

Although we recommend a consistent subsidy schem@etimplemented, we realize that the
Netherlands is a changing country asfthngesin the set-up of the scheme might need to be
made at some point. However we recommend that si@hges be gradual, preferably decided
on in collaboration with the relevant parties (istty and market) and with enough advanced
notice to all involved parties.

For customers it is important that the amount dfsgly and the duration of the program will not
be reduced suddenly. This is particularly importghen large projects are set up as this requires
many administrative issues (such as acquiring lglgermits) to be resolved before actual
construction can take place (sometimes up to skyegas). It might be some time before the
initial investment is earned back. Luckily, the apeng SDE scheme is meant for private home-
owners who generally require less administrativekwamd thereby less time. Especially with the
‘pre-registration’ scheme, where customers canasigsubsidy up to four years before having to
install the system.

However the main actors which are affected by potihanges are not the customers but the
manufacturers. Large changes in the amount of prtalided subsidy will make it difficult for
PV producing companies to anticipate demand andgshaheir production accordingly. Solar
cell production is a capital intensive business.DAgch PV companies are very small, investing
in a new production plant is a very costly affdfot mentioning the time-lag between the
decision to create a new plant and actual stgstaduction. Dutch manufacturing companies will
look for guarantees that their market will not gigsear before their investment has paid itself
back.

5.5.2 Market-related knowledge development

The second recommendation stems from specific pnadlhat exist in the Netherlands regarding
the connection of knowledge creation activitieswilie market. Learning by using does not take
place in the domestic market which means produadspgocedures are not adapted to the Dutch
institutional system. Experience that had beeneghwith the previous subsidy systems is slowly
being lost. Without consistent domestic market supihis trend will continue (F2).

This problem does not exist in Japan as it hasge lmarket and the Field-Test projects which
provide sufficient learning by using opportunities the domestic market. The NEDO research
and Field Test projects incorporate the market@mpanies in research in an early stage. In the
NEDO research projects, companies, researchersdaladborations thereof, can submit research
proposals. A subcommittee of specialists judgesehproposals within 6 research fields
depending on the technology and decides which gapao honour. The Field Test projects
enable the installation of test projects and inooafe market feedback and 4-years of operational
analysis. This data is also published, enablingggsk in the industry to compare results of
different installations.

The recommendation to the Dutch government wouddtetiore be to initiate a set of projects
similar to the Japanese NEDO (Field Test) projectlow for adequate market involvement and
operational feedback. For instance half the iretiath price will be paid back in exchange for the

yearly production of 55.8 MW is required (2008-1p15
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placement of a monitoring system, with the requeemthat system owners will provide

monitoring data for four years.

This recommendation is most appropriate if the govent should decide not to initiate a large
market subsidy to initiate a large market right rawt wait until the technology has reached grid-
parity. As such the industry can still gain expece with the technology in the specific Dutch
institutional framework. Without this experience timstallation cost will not be as low as abroad
and the quality will suffer until such experien@de gained.

5.5.3 Vision of the future

What we can learn from the theory and the Japareeseis that though research targets are
important, a clear vision of the future of the nedris also necessary. Setting up a future vision
could jump start a virtuous cycle, by motivatingaadtors to pool all their resources into one clear
direction. These activities will attract new actaiso will contribute their own resources and
abilities, further promoting the chosen direction.

The recommendation to the Dutch government is tberdo settle on a vision for the future of
PV in the Netherlands in collaboration with indystnd academia.

To establish this vision the government has thp®os:

1. Adopt one of the existing visions

Several visions currently exist in the industryeTbutch government has missed an opportunity
in not basing its policy decisions on the visiortte# ‘Sustainable Electricity Supply Platform’, or
taking over the vision of the PV-workgroup as thasewidely supported in the branch.

2. Adapt one of the existing visions

If the current visions do not meet the governmesténdards, they can either adapt one of the
visions or create a new vision. Adapting one of ¥igons so that they are acceptable to all
parties (including the government) would save theegnment a lot of time and money.

3. Create a new vision of the future of BY

One of the most basic forms of a future marketovisis by setting an installation target and
supplementing this with a roadmap or other impleaigmn plan. However the most important
question the vision will need to answer is whaerBlV will play in the future Dutch energy
system.

The vision will need to be set up in collaboratigith the most important parties (government,
industry, academic) to ensure a wide support badeadeeling of ‘commitment’. This could be
done by setting up a covenant between industrygardrnment, such as existed for PV between
1997 and 2000.

However the vision does not have to be span 5Gsy&aen a 15-20 year vision will help the IS
by giving direction to government policy, and mativg entrepreneurial activity. A vision with
such a medium long timeframe might also provideaddgearning ground for future visions.
However the success of this recommendation reliesthe stability of the government in
maintaining this vision. A vision can only work kg as all parties support it, belief it can be
reached and have confidence it will not be changetbenly so they can use it to anticipate
future developments.

% Independent from this research, Dr. Simona Negmatso given the recommendation for the governoeset
up a long-term vision in collaboration with marlpeatrties.

99



6. Conclusions, discussion and recommendations

6.1 Conclusions

This research was aimed at investigating the primgaind limiting factors of the development
and diffusion of several PV technologies in Japanall, seven solar cell technologies were
chosen to be investigated, in collaboration witmt8eNovem, which were further refined to
achieve the following list: solar grade silicon (®¢crystalline silicon solar cells (c-Si), thirrf
silicon solar cells (tf-Si), stacked silicon solzlls, CIS solar cells, dye-sensitized solar cells
(DSC) and polymer solar cells. The activities relgag Solar Grade Silicon were limited in Japan
and completely separate from the other technologiegstigating this technology would require
a large amount of additional work for which no timas available. As such no functional
analysis was made of this technology.

To discover the promoting and limiting factors feach of the six solar cell innovation we
investigated the functioning of their Innovationsg&ms. This assessment was performed by
evaluating the functioning of seven functions opbgasses within each of the six IS, and
observing the existence of virtuous and vicioudeas/cin the analysis of the innovation system
we made a distinction between cycles which inflgetne development, and those that influenced
the diffusion of the technology.

Overall, thedevelopment of PV in Japarent very well and a virtuous R&D cycle was found
based on expectations. The performed researchaseseexpectations of the technology’'s
capabilities to fulfill the government’s reductidargets (F4 guidance), which have also been
proven (in part) in the large domestic market. Agshsthe technology has gained a certain
legitimization within the government as a valid ioptto attain the desired targets (F7). In
particular the NEDO projects were found to havesitpre effect on PV development in Japan.
Regarding thediffusion of PV in Japgna virtuous development cycle was found during the
period 1993-2005. Lobby activities of the JPEA (Fé&portedly facilitated the initiation of a
national market subsidy scheme (F6). This schemiddehe creation of a large domestic PV
market (F5), which attracted more entrepreneur9. (Blie to the lobby-type activities by the
entrepreneurs through the JPEA (F7) the subsidgnsehwas continued for an additional 2 years
(F6).

Since 2005 the Japanese PV market growth has deveff and Japanese entrepreneurs have
turned towards foreign markets. This has resuheal vicious diffusion cycle, where the reduced
market means entrepreneurs are less interestedeading to reduced lobby activities (F7). This
means no alleviation measures for the market asmgied and put in place (F5) which further
constrains the market, meaning more entrepreneilisfogus on the market abroad (F1).
However there is clear interest in Japan from titustry and government parties to initiate a
new market scheme to accelerate the home marketlar to achieve reduction emission goals.
And there are good prospects for the domestic niaitke silicon shortage will ease in coming
years and there are reports a new subsidy schembanaitiated.

The analysis of the PV technologies led to thealiscy of several very different cycles. Even
when no cycles could be found, several factorsctcdod identified which were promoting or
limiting the development or diffusion of the diféert technologies.

The Crystalline silicon solar celld'SIS suffers greatly from the current silicon shge (F6).
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Combined with insufficient attention of manufactsréo obtain a sufficient supply this has led to
decreased interest from entrepreneurs in this tfpeell (F1), which has resulted in a vicious
diffusion cycle. However research into and productiof c-Si is still continuing. The
technology’s main promoting factors are its provelability and performance which will ensure
them a large market share for quite some years.

In contrast to c-Si solar cellfhin-film silicon solar cellsare profiting greatly from the current
silicon shortage. The overlap in technologicaldiglith TFT is pushing development forwards
and makes it easier for companies to enter thd.fi@bmbined, these two factors are the main
factors promoting the tf-Si TSIS. The main limitifector for PV diffusion is the competition on
the domestic market. This makes it more difficolt hew companies to enter and the only new
entrant, Fuji Electric Systems, is focusing on #pea@pplications for which thin-film silicon
solar cells are currently especially well-suited.

Stacked silicon solar cellre only just entering the market but are expettquay an important
future role with an increasing market share (F5 thutheir potentially high efficiency (F4). A
virtuous R&D cycle was found. The solar cells amvnentering the market in specialized
applications (high efficiency, low weight). The usfethe solar cells in the market combined with
the research that is performed shows the poteottidde solar cells. Though they are currently in
a niche market confidence is growing that they plidly an important part in the future, and they
are expected to have large share of the market (BG#4g of the main factors promoting
entrepreneurs to use this technology is that theybased on fundamental thin-film silicon
technologies but have higher efficiencies, allowiogfairly easy access to the technology while
being better able to compete with the incumbentic-8e long run.

A vicious R&D circle was found fo€lS, where the problems with knowledge diffusion am@stn
likely preventing increased interest in the tecbggl CIS is potentially very appealing to
entrepreneurs due to its high fabrication cost-cédn prospects, high efficiency and the fact that
no silicon is required. However interest in ClSnfrentrepreneurs and research institutes is
noticeably lacking, most likely due to the high tsoassociated with researching the technology,
the very different background from the silicon amdjanic PV technologies and the Indium
shortage. The small and scattered research comynba# led to problems with knowledge
diffusion. There are no formalized exchange methdts research groups are small and
scattered, research is separated and the few caespan the industry do not collaborate.
However there are some good prospects as the gpsdhrch groups are expected to be
combined into larger groups which should facilitat®wledge development and diffusion.
Dye-sensitized solar celle not on the market yet however interest in type of solar cell is
very high as they are based on a new technolofieddl(chemistry), and it easy to start research
and production as no expensive machinery is requiree main problems facing the many small
DSC entrepreneurs are financial difficulties. Theggeption of the technology is varied, as it is
expected market. It is not yet ready for power-aagpions though it will be used in consumer
products soon.

Polymer solar cellsare still in a very early stage of development. Thain factor which
promotes development of the technology is its @gewith DSC research field which promotes
knowledge exchange and diffusion. Research intoep@pplications, which will take a fair
amount of time to realize, is promoted throughPMe2030 Roadmap.

After the analysis of Japan a comparison was matlgden the situation in the Netherlands and

Japan, based on the main promoting and limitingpfacin both countries, in order to discover
possible recommendations for the Dutch PV IS.
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Developmenof PVin both countries is going strong and we can olesgixtuous cycles in both
countries. Knowledge development (F2) and diffugie8) activities in both countries are going
strong and are supported by the government throegdarch subsidies (F6). In both countries
the government provides research subsidies a$ievbs the technology can provide a significant
contribution in attaining specific reduction targ€E7). However the Japanese appear to be surer
of this than the Dutch government. Where the Nédhes in particular is facing trouble in its
knowledge development activities is with its cortr@tto the market. Little experience is being
gained with the particular Dutch institutional srst which means products and procedures are
not being adapted.

Where both countries differ most is in tigfusionof PV. Japan has one of the largest domestic
PV markets in the world which is based on environtaleconsciousness. The Netherlands had
some market growth in the past but at the momesinleamarket to speak of (F5). In contrast to
Japan, the Netherlands’ market is based on finenoigsiderations, as such financial incentives
schemes are more important.

In both countries the market shows a lot of pot#ntind past experiences with market subsidy
schemes have proven home-owners are interested\{ff@re they differ is in the execution of
these subsidy schemes, in particular their comsigteThe Japanese subsidy scheme was constant
for 12 years and worked with a pre-defined goaljlevthe Netherlands had several subsidy
schemes with varying goals, lengths and set-upsgltinis time. Also, several subsidy schemes
were cut-off unexpectedly and there were times Iwictv no subsidy was given at all. This has
impacted the faith the industrial sector has inridl@bility of the government’s future subsidy
schemes.

Both governments lack a clear vision of the fuir®V on which they might base a new subsidy
scheme (F4). However Japan is slightly ahead satea compared to the Netherlands. Japan has
a well-known national energy strategy which alreatborporates PV research, while the ideas
and intentions of the Dutch government regarding fiture of the energy supply are fairly
unclear.

In both countries there are problems with the lohbgvities of the industry however the exact
problems differ (F7). In the Netherlands the PVisecs unable to make itself heard with the
government. A vision for the future of the energpply was created but was not taken over by
the government. In Japan the PV industry managegheeve market support mechanisms for 12
years (F6), which have led to the creation of a/Varge market (F5). However the companies
are now losing interest in the domestic market tduhe favourable foreign market. As Japan is
already one of the largest producers in the wonld laas an established (domestic) distribution
network, it has a much better starting positionegport than the Netherlands.

Based on the comparison and theory, three recomamtiend were given to the Dutch

government.

1. Maintain a market subsidy scheme for a prolongetgef time, with a steady budget and
fixed set-up.

2. Initiate a set of projects similar to the JapanR&DO (Field Test) projects to allow for
adequate market involvement and operational feddbac

3. Settle on a vision for the future of PV in the Nathnds in collaboration with industry and
academia.
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6.2 Discussion

While performing this research we encountered s¢waportant points related to our theoretical
framework which we will discuss in this paragrapirst of, we found several aspects external to
the TSIS to be important in its functioning: thkcsin supply and institutional change. Secondly,
we noticed that the difference between the godheflS and the goal of actors within the IS has
an impact on the evaluation of the functioninghed tS. Thirdly, we looked at the applicability of
this set of seven functions in an Asian settingxtNee looked at two factors dealing with cycles;
the split of the IS into two parts with each thewn cycle, and the importance of several
functions creating virtuous and vicious cycles. Newe relate our research to the existing
Japanese research into the PV industry. Lastly Wediscuss our own experiences with using
the functions of Innovation System approach.

We found severahspects external to the TSI& be important in its functioning: the silicon
supply and institutional change. The world-wide@yf silicon is not under the control of any
one actor within the PV TSIS. However, though flaistor is external to the PV TSIS of Japan
and the Netherlands, it does have an importanttefidhne crystalline TSIS has a negative R&D
cycle caused by the supply shortages, while thetales have propelled development of thin-
film silicon and non-silicon technologies. Thoudhe tavailability of raw materials, such as
silicon can be investigated within the TSIS contéyt looking at mobilization of physical
resources, this analysis is limited. The analysidy dooks at the immediate causes of
manufacturing companies within the TSIS not recgjva sufficient supply, and simplifies all
causes that lie outside of the influence sphetbeactors.

The other external aspect we found important wastitional change. In the Netherlands, the
liberalization of the energy market has had a pmétbimpact on the willingness of actors, in
particular power companies, to work with and suppemewable technologies. However, despite
their influence, institutional changes are diffictd place in the functions analysis framework as
it exists now.

The Socio-Technical System framework could havenbesed (combined with the IS) to
investigate these important issues. As mentioneganmagraph 2.1, the STS framework is very
good for finding outside factors and investigatihgm more thoroughly. Of its three levels,
niche, regime and landscape, the later two woula leeen particularly beneficial to investigate
in this case. Within the landscape problem fallhsworldwide situations such as the silicon
shortage and its effects on an innovation. Whitey éffects of institutional changes on an
innovation are part of the regime level of analysis

We also noticed that the difference betweengtha of the ISand the goal of actors within the IS
has an impact on the evaluation of the functiorohghe IS. It should be noted that whether a
TSIS functions well, according to the definition wid be when the technology is being
developed and diffused. However this is not alwhgswish of the actors within the system. For
instance, the government might be quite happy witly developing a technology and exporting
technology or products abroad, and not have ag)atgmestic market. Or it might be content to
simply import the products and not be burdened waigth R&D costs (which for such new
innovations are at least partly government fund&€tiese wishes may also change over time, as
can be seen from the Dutch government’s changiegpoint on the desirability of PV in the
Netherlands over the years. As such the perceptibrise actors in the system are important
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factors for a researcher to consider when detengininether a TSIS is functioning ‘well’.

The third point we will look at is the applicabylibf this set of seven functions in @sian
setting Our research constituted the first time this gmeset of functions was used in an Asian
setting. We found the set of seven functions tove#l suited and could relate all events and
relationships to a specific function. As such we kot find any factor or function specific to the
Asian setting was missing. However we did find that had to focus on different indicators for
the functions due to cultural differenc¥s.

When looking at entrepreneurial activities, in Epgahe focus lies mostly on young start-ups,
however as we explained in paragraph 4.2 for Jagafocused all our attention on incumbent
firms, as young start-ups are less common.

When analyzing ‘advocacy coalitions’, ‘market fotioa’ and ‘guidance of the search’ we
looked at the existence, efforts and accomplishsnehtcouncils. Councils or committees are
used extensively in Japan as we explained in papag4.8.1. One of the specifics of Japanese
culture is that a lot of value is placed on mamtag harmony and ‘saving face’. As such, though
strong opinions are present, they are not voicegpasly as in Western Europe, and activities in
which opinions are given or received, such as lofihytake place through fixed councils to
minimize unexpected conflict.

When analyzing ‘advocacy coalitions’ we also lookatl groups rather than opinionated
individuals. As Japan is group-oriented, the omingd one person (nearly) always reflects the
opinion of the group (i.e. organization) he belotms

In ‘advocacy coalition’ and ‘market formation’, vipaid particular attention to government views
and actions. In Western views the authorities heget to serve the citizens and there are strong
feelings of citizen competence. In Japan theregseater dependence of citizens on authorities
and the government has a larger part in guidingcthentry. This is related to the need for more
security, as conflict and competition lead to udpmtbility and are therefore considered
undesirable. As such the government has more e&dirig role than in the Netherlands, which
means that their views are important to other adtothe IS such as the public, which is reflected
in the fact that government support has an impagublic buying behaviour, as we discussed in
paragraph 4.6.5.

During our research we found that we cotddside’ the IS into two partsdevelopment and
diffusion, and identify separate cycles in each.guch a split of the IS into two ‘parts’, has not
explicitly been done before. In several IS we foundaycle in only one part of the IS. For
example we found R&D cycles for Stacked silicon &8 solar cells in Japan but no cycle for
their diffusion. Next to these ‘single cycles’ wis@found ‘opposite cycles’, meaning we found a
virtuous cycle in one part of the IS and a viciaiygle in the other. Specifically we found
virtuous R&D cycles combined with vicious diffusiagcles, in both the Japanese and Dutch PV
IS. These situations seem to showcase the probfetramsferring research results onto the
market.

We also noticed during our analysis tisatveral functions were particularly importaimt the
creation of both virtuous and vicious cycles. Theme: ‘guidance of the search’ (F4),
‘mobilization of resources’ (F6) and ‘advocacy dbahs’ (F7).

Guidance of the search (F4) was a key factor irctbation of the virtuous R&D cycles in Japan,

%" See Appendix Il for a description of Dutch angdiaese culture and its effects on the implememtatid®V.
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while the lack of consistent market guidance in wasain factor in the vicious diffusion cycle of
the Dutch PV IS.

Mobilization of resources (F6) or the lack theramds the most important factor in the creation
of vicious cycles. Lack of physical resources cduseicious R&D cycle for CIS and a vicious
diffusion cycle for c-Si in Japan.

The function ‘advocacy coalitions’ (F7) was keytire creation of several virtuous and vicious
cycles. The lobby activities of manufacturers adad virtuous diffusion cycle for the Japanese
PV industry. However lack of support for c-Si cadisevicious diffusion cycle for this particular
type of solar cell. Furthermore, in both the Neldogis and Japan the virtuous R&D cycles were
kept going by government support based on expeotihat PV research and development
could solve the government’s problems.

Our research was not the first to look for the oeasbehind the Japanese success with solar cell
development and diffusion. Several Japanese rdszarbave investigated the history of Japan in
PV and the causes for its succ&st the historical analysis of Kimura & Suzuki (B)Geveral
factors were identified which enabled and promdteddevelopment of PV in Japan in the past
30 years. These were: providing a stable enviromnfi@n research communities, long-term
commitment by the government, market creation pEdicmarket acceptance in spite of high
price and the efforts of ambitious private firmgtwstrong commitment. One can see the first
two of these factors deal with Japan’s long-laspoficies. In fact it is generally agreed in Japan
and abroad that the long-term timeframe of the guwent’s policies was one of the most
important factors in the success of PV.

Watanabe et al. (2000) identified a virtuous cyloéesed on the interrelation of R&D, market
growth and price reduction. For their research ttiielynot apply Innovation System theory but
used techno-economics. They found that in the get®76-1995 government actions promoted
the creation of technology knowledge stock with pames, which contributed to a dramatic
increase in solar cell production, leading to auntidn in production price, promoting further
production and thereby knowledge development.

All of these factors returned in our research, tioaome to a lesser extent. In our analysis the
importance of long-term policies was underscoredthyy short time frame of our research,
however it was an important factor in our virtualevelopment cycles through the PV Roadmap.
The virtuous diffusion cycle was based on a contimnaof a successful Residential
Dissemination Program, customer’s interest basecronronmental consciousness and lobby
activities of firms. The main difference betweenri@ira and Suzuki’'s results and our analysis
lies in our observation that the lobby effortstod main PV companies seem to be waning.

We also found a similar positive relation as Wakenat al. (2000) between the market and
development, under the heading of ‘learning by doiisee paragraph 4.3.2). Though it was
found to be an important factor, especially in toenparison with the Dutch situation, in our
analysis of Japan’s PV development cycles it ditl gwone forward as an integral part of any
virtuous cycle.

Lastly we will discuss our own personal experiemgd using functions of Innovation System
approach for our research. Overall we very mucbyag using the seven functions of Hekkert et
al. (2007a). The fact that no consensus currentigst®e on the indicators to be used for each

3 Unfortunately not many of these researchers waoten their results in English, which severely harepeour
comparison.
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function, allowed us the freedom to choose appatgiindicators. When specific information for
one indicator could not be found this indicator Idobe dropped or altered. However it also
created some difficulty as it was sometimes diffitoi find appropriate indicators. Especially the
seventh factor ‘advocacy coalitions’ is very vagunel finding indicators which could be used in
the Netherlands and Japan was challenging. Alsiimas the choice felt slightly arbitrary. Until
the indicators are established it will be difficutt compare our results to those of other
researchers, as some of the indicators we chodd beuplaced under a different function by
another researcher. Especially the functions kndgdedevelopment and knowledge diffusion
appear to have a lot of overlap as both concerarek activities and results.

Nevertheless we feel that, once properly definkd,geven functions form a good basis for the
analysis of the functioning of an innovation systdPnoblems in the IS could very easily be
identified by relating them to a specific functioncombination of functions. However we found
that the most insight could be gained when anafyie presence of virtuous and vicious cycles.
By looking at the interrelation of the functionswas easier to find which factors in particular
were important for the technology. Unfortunatelywias often difficult to determine the exact
nature of the virtuous and vicious cycle. For sdaauhinologies we would have expected there to
be a virtuous R&D or diffusion cycle but could rfotd a coherent sequence of functions that
initiated a self-supporting cycle. This might haxeen solved with additional research, however
no time was available for this. Still, even whenayale could be found, the analysis of cycles
was a very helpful tool in discovering the main rpating and limiting factors of the
development and diffusion of the technologies.

6.3 Recommendations for further research

During our research we found that the analysishef IS could be split up into two parts,
development and diffusion, where a virtuous (orous) cycle in one part not necessarily lead to
a virtuous (or vicious) cycle in the other part. \Wentified ‘single cycles’ where a virtuous or
vicious cycle only exists in one part of the 1S¢glaopposite cycles’ where one part has a virtuous
cycle and the other a vicious cycle. However mesearch will need to take place to determine
whether these single and opposite cycles can betanaed over time.

In our research we were forced to limit our invgagtion to power application, however not all
the technologies we researched were suitable femtlarket. In particular DSC is now entering
the consumer products market. As this researclcateli there is a lot of interest of Japanese PV
manufacturers in this market, including small firm$owever many small companies were
reportedly forced to stop research and developraetivities due to financial difficulties. As
such, this would be a very interesting field ofdstuvhen analyzing the difficulties in bringing a
new innovation onto the market.

Furthermore, research into the development of gnst@rage technologies, i.e. lithium batteries
and fuel cells, is in progress and is regardedhamaortant support-technology for the future of
PV in Japan. Since the problems with the silicoortstye, several actors have indicated the need
to look at all technologies related to solar cednufacturing to ensure none can restrict PV’s
development in the future. Unfortunately the atié&@ surrounding these technologies lay outside
of the scope of this research. However we find tlegearch into the development of energy
storage technologies, and their effects on thedéubfi PV would be of value.
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Appendix I: Current status of PV technologies in Japan

This appendix will give an outline of the curremate of PV technologies in Japan to be used
within the PV scan 2008 of SenterNovem. We strattuthis appendix based on the
categorization of solar cell technologies used Iy European PV Technology Platforft.
However we made three small changes to this casegion related to the focus of our research.
First, we added ‘silicon feedstock’ as an additlareegory. Second, within the category ‘thin-
film silicon” we specified ‘single-junction’ and ‘aiti-junction’ based on the difference between
‘thin-film silicon solar cells’ and ‘stacked silicosolar cells’. Thirdly, we made a distinction
between ‘dye-sensitized’ and ‘polymer’ when lookiafyorganic solar cells. Each technology
consists of 4 parts: a very short description eftéthnology® government action to promote the
technology, current research activities and curredustry activities (production). We do not
claim the information in this chapter to be all-empassing or complete. We include it as
appendix as reference for readers or as a badisrtber study.

1. Supporting technology

Silicon feedstock/ Solar Grade silicon

Solar Grade Silicon entails the production of siiomaterial which is suitable for use in Solar
Cells. [U.S., 2008] Silicon is the second most e item in the Earth’s crust as it is basically
just sand. [U.S., 2005] Highly refined silicon isostly used for the production of micro-
processors (chips). Semi-conductors however reguivigh level of purity, 99.999999999%, and
it takes a lot of energy to achieve this purityicn for the production of solar cells on the athe
hand does not necessarily require this high le/puaty, 99.9999% is sufficient. [Kawamoto &
Okuwada, 2007]

Worldwide a lot of research is being done to deteenthe allowable levels of impurities for
SoG-Si in order to lower the cost of producingcsili. Considering about 50% of the current
costs of a PV module can be attributed to the Ipigitity silicon wafers, [ECN, 2008a] solar cell
manufacturers are very interested in low-cost vgafer

Government
There is currently no clear government support gagfor the research and/or development of
Solar Grade Silicon.

Research

Tokuyama is in the process of verifying and impngyvits ‘vapor to liquid deposition (VLD)’
“Iproduction process technology which can reportettike the silicon deposition rate more than
10 times higher. [Tokuyama, 2005]

Chisso Corporation has been developing a zinc-teuenethod to achieve 99.9999% purity.
“2t has established a joint-venture company ‘JapalarSSilicon (JSS)' in 2007 with Nippon
Mining Holdings and Toho Titanium, to promote joitkévelopment and commercialization of
SoG-Si. [Chisso, 2006; Chisso, 2006b]

%9 See: [EU PV Platform, 2007]

“0please see [EU PV Platform, 2007] for a more ttalescription.

“1 For further explanation of the technological pssceSatoru W. and Oda Hiroyuki, 2005, “Developniolar
Grade Silicon Manufacturing technology by Vaportiquid Deposition Method”, Nippon Kagakki Koen Y adfau,
vol.85, no.1. p.510

“2 For further explanation of the technological ps=attp:/www.chisso.co.jp/english/news/pres060920Lhtm
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Production

Tokuyama Corp. has delayed commercial SOG-Si ptamtuaintil late 2008, stating that “the
plant capable of 200 tons per year is still in a¢idation phase for commercial production.”
[Hirshman, 2007]

M.Setek started construction of SoG-Si plant wi0@t/year capacity in 2006.

Nippon Steel Corporation also announced to ent&-Sobmanufacturing and established “NS
Solar Material”. [Ikki, 2007]

The JSS is planning to construct a pilot plant vatlsapacity of 100 ton/year in middle 2008.
[Ikki, 2007]

2. Wafer-based crystalline silicon solar cells

Though crystalline silicon has been used in a aonénew applications, wafer-based crystalline
silicon solar cells is still the most common. Ttyipe of cell has dominated the PV industry since
the beginning. [EU PV Platform, 2007] Nearly all thfe solar cells that are currently being
produced are of this type. They hold 90% of thaltatarket. Due to their high efficiency and

durability they are considered very well suitedlforg-term power applications.

Compared to the other technologies crystallineailihas a high efficiency. The main problem
lies in its relatively high silicon usage. Othechiaologies which use less silicon or no silicon at
all are therefore becoming more attractive nowadslgsst of the current research into crystalline
silicon solar cells is ‘applied’ instead of ‘basic’

Government

Research subsidies are provided under the NED@girtiResearch and Development of Next-
generation PV Generation System Technologies” F82002009 Project budget: 2.38 billion
yen, under the research theme ‘technologies aratiassd processes to produce highly efficient
next-generation ultrathin crystalline silicon satatls”. [NEDO, 2007]

Installation subsidies are provided for innovategplications or systems, up to 50% of the
installation costs, under the “Field Test Projeect New Photovoltaic Power Generation
Technology” FY2007-FY2014, project budget: 7:86it yen. [NEDO, 2007]

Research

Current participants in NEDO ultrathin crystallirslicon solar cells projects are: Kyocera,
Mitsubishi Electric, Tokyo Institute of TechnologplST, Toyo Advanced Technologies Co.
Ltd., Daiichi Kiden (manufacturing equipment), Shailohoku University, Nippei Toyama
(manufacturing equipment), PVTEC, Okayama Univgysitoyota Technological Institute,
Kyushu University and Meiji University. [NEDO, 20D8

AIST is one of the few research institutes stilldpbasic research, in general most companies
focus on development.

Mitsubishi Electric Corp. has achieved 18.6% cosier efficiency with a honeycomb texture
structure to reduce surface reflectivity, whichpians to put into mass-production by 2d11.
[MEC, 2008]

Kyocera has achieved 18.5% conversion efficieniRy.g, 2008]

Hitachi developed a bifacial single crystallineicgih solar cell with improved conversion
efficiency of 15%. The company is focusing on impng the conversion efficiency of this type

“3 For further explanation of the technological psxdMEC, 2008]
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of cell (16.3% at the front, 15% at the back). [RPB08] However the company has recently
agreed to sell its technology to the Space Energgp@ation (SEC). Research activities are
therefore expected to be continued by SEC. [REW8R0
Sharp Corp. has achieved 20.1% efficiency. [RTS820

Production

Mitsubishi Electric Corp. produced 150 MW in 20@nd aims to increase this to 250 MW/year
by 2010. [Kaizuka, 2008]

Kyocera is producing 240 MW/year in 2007 [KaizuRa08]

Sharp is the largest PV manufacturing company padaand until recently the world, its current
annual production capacity for solar cells to 71%/Mear (2007) [Sharp, 2008a] About 695 MW
Is expected to be crystalline silicon solar cgisaizuka, 2008]

Hitachi currently produces 10 MW/year (2007). [RBS08]

3. Existing thin-film technologies

3a. thin-film silicon

Considered the second generation solar cell, imndilicon solar cells were created with aim of
reducing the amount of silicon that goes into esalar cell. In contrast to wafer-based silicon
solar cells, the silicon is not cut into wafers deposited directly on large area substrates, such
as glass panels (square metre-sized and biggdojl®r(several hundred meters long). [EU PV
Platform, 2007] Current products are becoming iasiregly thin, up to 10D the thickness of
conventional crystalline silicon solar cells. [EC2008b] Their market share is growing as ready-
made production lines become available.

The main research goal in the PV industry is to ensidar cells cheaper by using less silicon and
increasing the efficiency. Current research focusesmaking the wafers stronger as waver
breakage due to thinner wavers is a big problemdirrers are creating unique applications such
as see-through solar cells for in windows, and hbted solar cells which can be used in
consumer products and on curving roofs.

Government

Research subsidies are provided under the NED@qirtiResearch and Development of Next-
generation PV Generation System Technologies” F8Z2002009 Project budget: 2.38 billion

yen, under the research theme: ‘Technologies tblerfdagher productivity and to improve the
efficiency of thin-film silicon solar cells.”. [NED, 2007]

Installation subsidies are provided for innovategplications or systems, up to 50% of the
installation costs, under the “Field Test Projeect New Photovoltaic Power Generation
Technology” FY2007-FY2014, project budget: 7:86it yen. [NEDO, 2007]

Research

Single-junction:

Current participants in NEDO thin-film silicon PMqpects are: Sanyo Electric, Kaneka Corp.,
Mitsubishi Heavy Industries, Fuji Electric Advancé&échnology Co., Ltd. (R&D company of

Fuji Electric Systems), AIST and Nagoya UniversjiyEDO, 2008]

AIST created 6.33% pc-Si(1-x)Ge(x) p-I (Lum)-n snjginction cells. [RTS, 2008]

Osaka University created 6.30% pc-Si single jumctiell with a growth rate of 8.1 nm/s. [RTS,
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2008]

Sanyo Electric created 7.6% single-junction cebsng Localized Plasma Confinement CVD
with 1.5 nm/s and uniform deposition. [RTS, 2008]

Kaneka performs research on solar cells on gldsstisues.

Sanyo Electric Co., Ltd. achieved a conversioncefficy of 22% in practical sized HIT solar
cells. [RTS, 2008]

Multi-junction
Sharp developed triple-layered thin-film siliconlasocells with conversion efficiency of 13%.

[RTS, 2007]

Kaneka developed thin-film Hybrid PV module withneersion efficiency of 12%. [RTS, 2007]
Its Hybrid modules have a unique intermediate layarch greatly improves the conversion
efficiency. Kaneka focuses its research activinesthe optimization of the Hybrid structure.
[Kaneka, 2008]

Sanyo Electric created 11.4% tandem (multi-junctgdliicon based thin-film solar cells) by
Localized Plasma Confinement CVD with 1.5 nm/s andlorm deposition. [RTS, 2008]

Tokyo Institute of Technology developed a-SiC fatop cell i-layer material in triple junction

solar cells. [RTS, 2008]

Fuji Electric is reportedly working on fabricatioiechnology of a-Si/a-SiGe/a-SiGe triple-
junction plastic film substrate solar cells.

Production

Single-junction

Kaneka completed a new production line of thin-féiicon PV module with the capacity of 55
MW/year, [RTS, 2007], aims at increasing this tavi¥@ by fall 2008 and 130MW by 2010.
[Kaneka, 2008]

Fuji Electric is creating highly bendable thin-filsolar cells. They can be used in arching roof
surfaces or in consumer product. In 2009 it wilimeorporated into tent-cloth.

Mitsubishi Heavy Industries and Sanyo Electric al® reportedly producing thin-film silicon
solar cells.

Multi-junction:

Sharp began mass production of Tandem thin-filnarsctlls with 10% efficiency in September
2005. The company produced 15 MW in 2007, whicH bd increased to 160MW in 2008.
[Kaizuka, 2008] Sharp announced the constructioa thfin-film silicon PV module plant with a
1GW/year capacity in Sakai City, Osaka PrefectiiRéS, 2007]

Sharp also developed triple-layered thin-film sificsolar cells, with a conversion efficiency of
13%. [RTS, 2007] Mass production is slated to bégiMay 2007 at Sharp’s Katsuragi Plant in
Nara Prefecture.

Mitsubishi Heavy Industries previously manufacturadd sold amorphous solar cells, but
embarked on the production of microcrystalline Gittandem solar cells from October 2007,
due to the substantial gain in efficiency over gohowus type cells. The company is producing 14
MW 12% (tandem) solar cells in Nagasaki which il @kpand to 200MW in 2009.

Sanyo Electric produces HIT modules, 260 MW/y i®20increased to 650 MW/year in 2010.
[Kaizuka, 2008]

Kaneka will introduce their Hybrid PV modules teetmarket in the near future in the form of
BIPV.
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3b. Copper-indium/gallium-diselinide/disulphide (CIGSS) and related I-11I-VI compounds

This category consists of a variety of thin-filnch@ologies that do not employ silicon as a basic
component. Of these, CIGSS compounds, which indLi@& exhibit the highest cell and module
efficiencies of all inorganic thin film technologieEU PV Platform, 2007]

Government

Research subsidies are provided under the NED@gqirtiResearch and Development of Next-
generation PV Generation System Technologies” F82002009 Project budget: 2.38 billion
yen, under the research theme: ‘Technologies taawgthe efficiency of CIS thin-film solar
cells and elemental technologies to form solaisaatl lightweight substrates.”. [NEDO, 2007]
Installation subsidies are provided for innovategplications or systems, up to 50% of the
installation costs, under the “Field Test Projeect New Photovoltaic Power Generation
Technology” FY2007-FY2014, project budget: 7:86ita yen. [NEDO, 2007]

Research
Showa Shell Sekiyu has created 14.3% on a 30x3e@tn{RTS, 2008]
Honda Engineering has created 13.9% on a 73x928njRES, 2008]
Several institutes are involved in the developmehtnovel CIGS deposition techniques
employing: [RTS, 2008]
Se-radical source (AIST)
thermally cracked Se source (Tokyo Institute ofhiretogy)
Laser-assisted deposition (Aoyama Gakuin University
Particle-based technology (Ryukoku University)
Technologies for flexible cells: [RTS, 2008]
Low-temperature process; 11.8% at 330 °C, 14.140@RC (AIST)
17% flexible CIGS cells (Aoyama Gakuin University)
Participants in NEDO’s CIS projects are: Tokyo itnseé of Technology, Showa Shell, AIST,
Tsukuba University, Kagoshima University and AoyaBekuin University. [NEDO, 2008]

Production

The only Japanese companies that are producingr©@ifules in Japan are Honda and Showa
Shell. [JPEA] Honda Soltec and Showa Shell Solarimra stage that the production volume is
steadily ramping up towards full capacity of, 153tbMW/y.

Honda will open its first factory in Kumamoto in Member 2007, and is expected to start
production of 27.5 MW/year by the end of 2008. [Ri& Stroeks, 2008]

Showa Shell started production of CIGS solar celllay 2007. The production is slated to
increase from 20 MWI/y to 80 MW/year in 2009, withetconstruction of a new factory in
Miyazaki. [Prent & Stroeks, 2008]

3c. Cadmium telluride (CdTe)
The attractive features of CdTe are its chemiagapéicity and stability. The cells are fairly easy
to manufacture with potential low costs. [EU PVtRian, 2007]

Government

The Japanese government has initiated a Cadmiumicties due to regional contamination in
the past.
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Research
No research is currently taking place into CdTeausoélls.

Industry
No CdTe solar cells are produced in Japan duest@€#dmium restriction. AnTech, BP Solar and
Matsushita Battery closed down their CdTe produnctn2002.

4. Emerging and novel PV technologies

“Emerging” technologies and “novel” technologieg at different levels of maturity. The label
“emerging” applies to technologies for which atseane “proof-of-concept” exists or can be
considered as longer - term options that will di$rine development of the two established solar
cell technologies - crystalline Si and thin-film lao cells. The label “novel” applies to
developments and ideas that can potentially leadignuptive technologies, the likely future
conversion efficiencies and/or costs of which aifficdlt to estimate. [Taken from: EU PV
Platform, 2007, p.41]

4.1 Emerging PV technologies

4.1.1 Advanced inorganic thin-film technologies
Advanced inorganic thin-film technologies stem fréme thin-film technologies in the previous
section. Examples are the spherical CIS solar aelisthin-film polycrystalline silicon solar cells
deposited at high temperatures (above 600C°).

Government

Research subsidies for emerging technologies arédad under the NEDO project “Research
and Development of Next-generation PV Generatiosteé®y Technologies” FY2006-FY2009
Project budget: 2.38 billion yen, under the redeatibeme: ‘Search for next-generation
technologies that would enable significant costiotidns, improved performance, and extend the
usable life of solar power generation systems.E[ND, 2007]

Installation subsidies are provided for innovategplications or systems, up to 50% of the
installation costs, under the “Field Test Project New Photovoltaic Power Generation
Technology” FY2007-FY2014, project budget: 7:86ita yen. [NEDO, 2007]

Research

Clean Venture 21 has developed an 11%-efficientyespal silicon PV module. The firm has
conducted its fundamental research with the Nakidmstitute of Advanced Industrial Science
and Technology (AIST). [Tanaka, 2007]

4.1.2 Organic solar cells

In this categorization, the active layer of theasa@ell consists at least partially of an organje,d
small, volatile organic molecules or polymers. Tmain technology branches exist within the
‘organic solar cells’ category. One is the hybrpgpeoach in which organic solar cells retain an
inorganic component (e.g. the Graetzel cell, dyessized solar cells). The other is full-organic
approaches (e.g. bulk donor-acceptor heterojundaar cells, polymer solar cells). For both
branches the main challenges relate to increadfrggeacy, improving stability and developing
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an adapted manufacturing technology. [EU PV Platf&007]

Government

Research subsidies are provided under the NED@girtiResearch and Development of Next-
generation PV Generation System Technologies” F82002009 Project budget: 2.38 billion
yen, under two research themes: ‘Technologies ablerhighly efficient, modular, and durable
dye-sensitized solar cells’ and ‘Technologies tprove the efficiency and durability of organic
thin-film solar cells’. [NEDO, 2007]

Installation subsidies are provided for innovafpmver applications or systems, up to 50% of the
installation costs, under the “Field Test Project New Photovoltaic Power Generation
Technology” FY2007-FY2014, project budget: 7:86iti yen. [NEDO, 2007]

Research

Dye-sensitized solar cells

Sharp Corp. developed a PV module using DSC wighwbrld’s highest conversion efficiency
7.9%. [RTS, 2007; RTS, 2008] The company also erkat11% cell.

Tokyo University of Science in collaboration withujkura, Sharp Corp, Sumitomo Osaka
Cement Co., Ltd. and AIST, achieved the world hgglid % conversion efficiency with a 5mm-
square DSC by controlling the disposition of titami dioxide molecules at a nano-scale to raise
light absorption. [Tanaka, 2007]

Aishin Seiki Co., Ltd. in conjunction with Toyotae6tral R&D Labs., Inc., (affiliated to Toyota
Motor) created a 6mm x 9mm cell that has an 8.2f6ieficy and is durable up to 85°C by
replacing electrolyte with gel-state substance.oAgtterm open-air durability test is currently
being conducted. [Tanaka, 2007]

Professor Miyasaka'’s group in the Toin Universityfyokohama, in conjunction with its spin-off
company Peccell Technologies Inc., has develop&dge film-type dye-sensitised module of
30cm-square with a 2% efficiency. The universitys ledlso been developing alternatives to
flammable electrolyte, using carbon materials. €hésvelopments contribute to improvements
in the safety and durability of DSC. [Tanaka, 2007]

Professor Arakawa'’s group in the Tokyo UniversifySaience has achieved an 11% efficiency
DSC cell and is also developing a bendable dyeissss PV cell, using a film as a substrate, in
conjunction with Nissan Motor Co., Ltd. Its conviers efficiency reached 7.1% with a 5mm-
square cell, the world highest level amongst beled&pes. In addition, the university has
developed a non-metallic ruthenium dye and a dyece¥e for infrared radiation. [Tanaka,
2007]

Other companies which are performing research this technology include: Sony Corp.,
Mazda, Nippon Kayaku, Nippon Sheet Glass Co., KoapC Daiichi Kogyo Seiyaku, Toyo
Seikan Kaisha, Ltd., Nippon Steel Chemical Co.,.Ltdai Nippon Printing, Kansai Pipe
Industries, Ltd., Chemicrea Inc. and Hodogaya Chah@o., Ltd. [Tanaka, 2007; NEDO, 2008]
Other research institutes performing research delCentre Research Institute of Electric Power
Industry (CRIEPI), Graduate School of Kyushu Ind&t of Technology, Kyushu Institute of
Technology, Gifu University, Shinshu University, @a University, Sekisui Jushi Technical
Research Corp. [Tanaka, 2007; NEDO, 2008]

Polymer solar cells
A high efficiency cell of 3.8% at 1 cm? was creabgdSharp and certified by AIST. [RTS, 2008]
The participants in NEDO'’s thin-film organic profsecare: AIST, Matsushita Electric Works,

121



Kanazawa University, Komatsu Seiren Co. Ltd. (febricompany), Nagoya Institute of

Technology, Kyoto University and Nippon Oil Corptioa (oil company). [NEDO, 2008]

Kyoto University is currently investigating “Supkrerarchical nano structure organic thin-film

solar cells”. [Yoshikawa, 2008]

Other organizations and institutes which are kntovimvestigate this technology are Sony Corp.
and AIST.

Industry

Peccell Technologies Inc. is a small spin-off comp&om Toin University in Yokohama and
will be the first Japanese company to put dye-sieesl solar cells onto the market. It will start
production of dye-sensitized solar cells for uséFad-rechargers by the end of 2008. [Prent &
Stroeks, 2008]

4.1.3 Thermophotovoltaics (TPV)

The principle of Thermophotovoltaics (TPV) is thengersion of heat into electricity. A basic

thermophotovoltaic system consists of a thermattemand a photovoltaic diode cell. In the long
term, this third approach could be used in coneginty solar thermal power applications (CSP).
Before that happens, the technology could be us&@HP systems.

Research

The technology is being studied by Ube Researcloilzbry of Ube Industries, LtH.

R&D on Thermo photovoltaic Generation (TPV) is coakd mainly in Europe and US research
institutes, and not well known in Japdn.However, based on an article search there are
indications TPV is being studied at: Tokyo Ins&twf Technology, Kyoto University Graduate
School of Engineering, University of Tokyo, Gifu iarsity and Tohoku University.

Industry
N/A

4.2 Novel PV technologies

4.2.1 Novel Active layers

Nanotechnology allows features with reduced dinmraity to be introduced in the active layer:
quantum wells, quantum wires and quantum dots. ellaee three different approaches using
these features. The first aims at obtaining a nfaveurable combination of output current and
output voltage of the device. A second approaclsatusing the quantum confinement effect to
obtain a material with a higher band gap. The thipgroach aims at the collection of excited
carriers before they thermalise to the bottom efdbncerned energy band (e.g. hot carrier cells).
[EU PV Platform, 2007]

Government

“ For specifics see article: Nakagawa Narihito &f8lé Koji, “The present state of the thermophot@iolsystem
and its selective emitter materials technology”o@®utsuri, Vol. 76, no.3, p.281-285

> Source: kumano Tomoyuki, “Energy. Themophotovolt@iPV) Generation.”, Journal of the Japan Soaiéty
Mechanical Engineers, Vol.108, N0.1045, p..904-2086)
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Research subsidies for emerging technologies arédad under the NEDO project “Research
and Development of Next-generation PV Generatiosteé®y Technologies” FY2006-FY2009
Project budget: 2.38 billion yen, under the redeatbeme: ‘Search for next-generation
technologies that would enable significant costiotidns, improved performance, and extend the
usable life of solar power generation systems.E[ND, 2007]

Research

LBNL, Tsukuba University, TTI and Fukui Universityave made progress in the research on
quantum dots and nitride materials for multi-juonticells. [RTS, 2008]

The University of New South Wales in collaboratisith Toyota Central R&D Labs has made a
quantitative analysis, revealing the way to redfiaecarrier solar cells. [RTS, 2008]

Toyota research group also reported the first exawmipcommercialized nanocomposites.

4.2.2 Boosting structures at the periphery of the evice
Technologies in this category are aimed at taifprihe solar spectrum to boost existing PV
technologies, through up-down conversion layers@asimonic effects. [EU PV Platform, 2007]

Government

Research subsidies for emerging technologies arédad under the NEDO project “Research
and Development of Next-generation PV Generatiosteé®y Technologies” FY2006-FY2009
Project budget: 2.38 billion yen, under the redeatbeme: ‘Search for next-generation
technologies that would enable significant costiotidns, improved performance, and extend the
usable life of solar power generation systems.E[ND, 2007]

Research
N/A

5. Concentrator technologies (CPV)
CPV is aimed at concentrating sunlight, throughiogptdevices like lenses, to improve the
increase the amount of sunlight entering the smd#y thereby increasing their efficiency.

Government

Research subsidies are provided under the NED@gqirtiResearch and Development of Next-
generation PV Generation System Technologies” F82002009 Project budget: 2.38 billion
yen, most likely under the research theme: ‘Se&rcmext-generation technologies that would
enable significant cost reductions, improved penfamce, and extend the usable life of solar
power generation systems.”. [NEDO, 2007]

Research
Sharp has achieved 40.0% with an InGaP/Ga(In)As&He[RTS, 2008]

Industry

Sharp Corp. has been developing a three-junctibinctuding a GaAs cell, applying it to a solar
concentrating system for power generation. Shargoisducting demonstrations in foreign
countries. The conversion efficiency has reachek,38ut the system needs to be improved to
demonstrate stable performance under varying dondit
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Sharp is the only Japanese producer to create sellarfor space application. Lightweight and
flexible multi-junction cells have been developed the next generation space solar cell (with

JAXA). [RTS, 2008]
A high-concentration system using Ill-V solar celtseated by a collaboration of Solfocus and

Daido, is currently entering the market. [RTS, 2008
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Appendix II: Indicators for each function

This appendix gives an overview of the indicatohsolr were used to evaluate each function, and
the type of actors which were questioned for eaghctfon. Information from Milutin
Jerotijevic’'s report “The Netherlands: Socioteclahi@dnalysis of Wind Energy in the Built

Environment” was used in the construction of thislé¢.

Functions Factors Indicators Stakeholders/actors
Entrepreneurial Change in the number of entrepreneurs | Branch organization|
activities Type of entrepreneur Manufacturers
Recent activities
Future (announced) activities
Knowledge Learning by| Size of research (budget) Manufacturers,
development | searching Type of organization performing research| Research institutes
Type of research activities (basic/applied
Learning by| Duration of production (starting year) Manufacturers,
doing Production cost changes Research institutes,
Know-how Branch organization
Learning by| Market size Manufacturers, Users,
using Feedback from market Utilities
Presence test projects
Knowledge Learning by| Collaboration between organizations pManufacturers,
diffusion interacting | R&D Research institutes,
Patent or license exchange Branch organization
Formalized exchange methods
Guidance of the Goals Targets set by government or industry | Branch organization,
search Type of targets (research/ marketlanufacturers,
installation) Research institutes,
Support for goals Government
Credibility Technological expectations Research institutes,
Technological  background  (historicaManufacturers (R&D
breakthrough)
Expected continuation of development
Market Characteristics of the market (size) Branch organization,
formation Motivation (why they buy) Government,
Financial market incentives Manufacturers, Users
Environmental market incentives (‘Green’
certification etc.)
Technology specific applications
Mobilization of | Financial Government research budgets Financial institutes
resources Market incentives Manufacturers,
Specialized financial institutes Government,
Availability venture capital Research Institutes
Human Availability of (research) employees Manufacturers,
Availability specialized education programsResearch Institutes
Physical Availability of raw materials Manufacturers,
Use of rare materials Suppliers
Support  from Existence of advocacy coalitions Government
advocacy Activities of coalitions organizations,
coalitions Recent results of activities Utilities, Branch
organization
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Appendix IllI: Effects of culture on willingness to employ solar cell

technologies

This appendix looks into the effects of culturetba perception, development and diffusion of
Photovoltaic technology (PV) in the countries Japad the Netherland§.We will start off with

a short description of the framework we will use dor analysis; the Hofstede dimensions, then
a description and comparison of the Dutch and Jegsanulture. We will end with an evaluation

of the effect of cultural differences on the petaap development and diffusion of PV in the two

countries.

Defining Culture

Culture is a difficult concept which can have mamgrpretations. What some people might see
as part of a country’s or group’s culture, otheesyrperceive as no more than mannerisms. Many
different views on ‘culture’ exist. Some focus da perceivable aspects, by defining it as “the
tastes in art and manners that are favored by ialsgroup” [Princeton]. While others focus on
the ideas that go behind those ‘tastes’ and ‘maindefining culture as “the predominating
attitudes and behavior that characterize the fanetg of a group or organization” [Lexico].
Hofstede has created a set of 5 cultural dimengiaith which one can analyze a country’s
culture. Hofstede’s definition of culture is muldiyered. The first layer, called ‘culture one’,
deals with ‘refinement of the mind’ and encompaghe®ys such as education, art and literature.
While his ‘culture two’ is much broader and encosyges all of peoples’ actions. His focus is on
this second layer. He perceives culture as beipgoaess of learning, similar to a computer’s,
where ‘mental programs’ are created based on apsersxperience and social environment. His
definition of culture: “[Culture two] is the college programming of the mind which
distinguishes the members of one group or categbpeople from another.” [Hofstede, 1991,
p.5]

Since this appendix is more interested in practgglications, this section will not focus too
heavily on providing a precise definition of the rdo'culture’. Instead, we will introduce
Hofstede’s set of cultural aspects, called the tédis dimensions, with which one can analyze a
country’s culture and which will provide the necagsframework for the final evaluation.

Hofstede Dimensions

The Hofstede dimensions are a set of 5 aspectalaire that together explain differences
between different countries. The aspects are detedrby questioning people in the different
countries and discovering their disposition acaugdio these 5 aspecétsEach is ranked on a
scale of 0 (low) to 100 (high). These aspects mallv be explained in turn, where the information
has been taken from "The Five Dimensions Pocketi€&u[Result, 2005]

Power Distance Index (PDI)
This index indicates the extent to which the leswgrful members of society accept that power
is distributed unequally.

“® The initial part of this appendix consists of cteay® of an internal report written by Jun Wu, Meaig, Marjan
Prent and Ronald Franco Delgadillo called “Knowledad innovation management decisions in diffecahitires”,
written for the course ‘Knowledge Management anddRlanagement’. Re-used with permission.

"1t should be noted that Hofstede’s dimensions givaverage of the cultural group. The figures khoaver be
related to any one individual within the group agye differences exist.
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Low High

Low dependence needs High dependence
Inequality minimized Inequality accepted
Hierarchy for convenience Hierarchy needed

Superiors accessible Superiors often inaccessible
All should have equal rights Power holders haveiledges
Change by evolution Change by revolution

Individualism (IDV)

The two extremes of this dimension have separatmesa A low IDV score is called
‘Collectivism’ and a high IDV score is called ‘Inddualism’. Collectivism indicates that people
belong to groups such as families, clans and orgéons that look after them in exchange for
loyalty. In a society with a high level of Individlism, people only look after themselves and
their immediate family.

Low High

“We” consciousness “I” consciousness

Relationships have priority over tasks Private mpia

Fulfill obligations to family, in-group, society Fill obligations to self

Penalty: Loss of “face” and shame Penalty: Lossetffrespect and guilt

Masculinity (MAS)

This dimension also uses two different names ®extremes. ‘Femininity’ corresponds to a low
MAS factor, and indicates that caring for othersl guality of life are the dominant values in
society. A high MAS factor, ‘Masculinity’ indicatethat the dominant values are achievement
and success.

Low High

Quality of life, serving others Performance amlrifia need to excel
Striving for consensus Tendency to polarize

Work in order to live Live in order to work

Small and slow are beautiful Big and fast are higdut

Sympathy for the unfortunate Admiration for the segsful achiever
Intuition Decisiveness

Uncertainty Avoidance Index (UAI)
The extent to which people feel threatened by uagy and ambiguity, and try to avoid such
situations.

Low High

Relaxed, less stress Anxiety, greater stress
Hardwork is not a virtue per se Inner urge to woakd

Emotions not shown Showing of emotions accepted
Conflict and competition seen as fair play Configcthreatening
Acceptance of dissent Need for agreement

Flexibility Need to avoid failure

Less need for rules Need for laws and rules

Long-Term Orientation (LTO)
The extent to which a society shows a pragmatiarédbriented perspective rather than a
conventional historical or short-term point of view
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Low High

Absolute truth Many truths
Conventional/traditional Pragmatic

Concern for stability Acceptance of change
Quick results expected Perseverance

Japan and Netherlands comparison

Japan and the Netherlands have large culturalrdiftees as can be seen from picture IlI-1.
Japanese culture can be characterized by high MIiA$ and LTO, and above average PDI and
IDV. The country’s PDI factor is fairly high whiatlisplays itself in the reliance of the Japanese
people on hierarchy, as well as the expectation ibaple in high positions show their status.
One of the key characteristics of Japanese soety group-orientation, which might not be so
apparent from its above average IDV. In Japan’s gioup orientation is towards companies,
meaning that each person identifies itself throtlgh company he/she works at. Organizations
are expected to look after employees like familgt angeneral (still) offer life-long employment.

The 50 Model of professor Geert Hofstede

100

20 —

&0

i

Iy MAS UAT LTO

sCcores

Bl netherlands
Japan

Picture llI-1: Japan and Netherlands Hofstede factors comparison
Sourcehttp://www.geert-hofstede.com/hofstede dimensidns2pulture1=62&culture2=50#compare

Within the Japanese culture there is strong emphaisimaintaining harmony among group-
members. One of the most important factors in tukure is to avoid ‘loss of face’ as this
reflects on the entire group not just the individ@roup decisions are considered better than
individual decisions. This is also reflected in twntry’s UAI score.

The country has high UAI which means people travoid uncertainty as much as possible. As
such the society has a high degree of rules andatsons, the citizens maintain more ritual
behaviour and social conduct is highly ritualiz€itizens feel dependent on these regulations
and place a high level of trust in the authorities.
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This need for stability and harmony might seemdot@adict with the culture’s very high MAS
score’® which indicates that showing ambition, trying tael and working hard are key qualities
in the culture, and displaying your status is a 9§ success. However to maintain the desired
harmony, the ambitions of employees should not teaduch conflict and one should not openly
trample over others to ‘reach the top’. One of sbé&utions that appear to exist in Japan is its
fairly strict policy of basing promotion on seniyr(related to PDI).

As a final important factor Japanese culture isyvauch forward looking. People maintain a
long-term perspective, regularly saving up monaytheir grandchildren instead of their own
retirement. There is perseverance towards resuftehwcannot be readily achieved and a
willingness to subordinate oneself for a (commomppse. Change is accepted, however due to
the high Uncertainty Avoidance, a well thought skatw approach would naturally be preferred.

The Netherlands is characterized by very low MA8n@iinity), low PDI and LTO, fairly high
UAI and high IDV. The Netherlands is a highly Fema country with one of the lowest MAS
scores in the world [Hofstede, 2003]. This is shdwroverlapping roles for men and women and
a need for consensus, which can be seen in thekmaWn ‘polder-model’. Power holders are not
expected to show their status and are consideradl ¢q others and are overall accessible to
subordinates (low PDI). Status is not so importarghow success (low MAS).

The Dutch community is very Individualistic, withsérong emphasis on autonomy and variety.
People are expected to defend their own interegtpamport their own opinions. However the
low MAS score ensures that no person is left téhkisfate. A caring society exists, where there
is a lot of sympathy for the unfortunate and supptiuctures to ensure adequate quality of life.
In fact trying to be better than others is neitharially nor materially rewarded.

Hard work is not a virtue on its own, and Dutchiwdiials mostly ‘work to live’ rather than ‘live
to work’. The country has an average UAI score Witias resulted in the situation where people
rely on rules and regulations while maintainingpst feelings of citizen competence. As such
though people rely on rules they are willing tomip@a them if they cannot be kept anymore.
Along with the average LTO score we can say thatcDypeople are more willing to take
unknown risks, than for instance the Japanese. Mewthey are looking for results more
quickly, either in the short- or medium-term.

Effects of culture on willingness to employ solarealls

Solar cells are still being developed and are matpyofitable. Also, the newest technologies
could take a long time to be ready for the markieiwever they show great future potential. Of
the two countries under investigation, the Nethettaand Japan, the Japanese society with its
long-term orientation would therefore seem moreseé@develop and employ PV.

This is the case in Japanese companies, consumgtth@government. It takes a lot of time and
money to develop new solar cell products and telclgies. Nevertheless, Japanese companies
maintain their PV subsidiaries because they expmuy-term profits and opportunities. The
companies are willing to sacrifice some short-t@nafit with the goal of having a large market
share in the future. It has been mentioned thatesdapanese PV subsidiaries only recently
started making profit, even though some have exigteover 10 years.

8 Japan was the most masculine country in Hofsteatégénal survey. [http://www.geert-
hofstede.com/hofstede_dimensions.php].
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The government is also more inclined to supporewable energy technology. Since the oil
crisis the need for Japan to become energy indepéniths been widely discussed and the
government has shown itself to be big a suppohtedapanese culture, society places a lot of
confidence in the government.

One factor in particular stood out as being benafithe longevity of policy. Due to the cultural

tendency to maintain the status quo (high UAI), panmies and research institutes etc. are assured

of continued support in research and developmanndny cases research subsidy is maintained
even though the research has proven unsuccessiulcg?]. This also relates to government’s
and industry’s inclination to set up and employpmag-term strategy or vision(LTO).

We can also identify several cultural factors timiltuence Japanese citizens to buy solar cells,

namely:

* Buy to save the environment and allow a good futareheir children and grand-children,
which is related to society’s long-term orientat{@i O)

* Buy as a long-time investment. The investment pdl itself back in 20 years, there is no
need to get returns on investment quickly (LTO)

* Buy for use as a status symbol. Showing your ststwery important in Japan and buying
such an expensive item shows your financial capiasil It has even been suggested that
fully integrated roofs are less desirable in Jagmthey ‘hide’ the technology too well.

We would have expected that the high risks assatiaith developing innovative technologies

would have made renewable energy technologies asi¢PV less attractive in Japanese society.

However the expected future benefits and statug #@mgoy in Japan appears to off-set this.

Society is not worried about change in the long-run

Dutch society is more oriented towards the shartnedium-term, expecting and requiring quick
results. Companies and their subsidiaries needdeepthemselves and make a profit within a
few year timeframe. Those employing ‘unprofitabethnologies are weeded out. Though this
process fits Dutch society well, it might inhibihet successful diffusion of innovative
technologies.

The government also needs to show results fairlgktyy in particular within the 4 years they
rule. Though society is focused more on qualitylifef than performance, this does not mean
officials will not be judged. The government is egfed to serve the people, not the other way
around. As such ministers need to prove that tipeyd their money wisely while at the same
time profiling themselves. Though they belong tpadditical party they are individuals who will
be held accountable individually. Government is thyastriving for consensus, they are expected
to serve the people and can not decide thingstaraldy.

Consumers are also focused on the short- or medenm. They wish for quick returns on
investments with limited risks. The most mentiom@dounts correspond with a pay-back period
of four years. Renters are willing to pay no mdrant what the solar systems deliver per year.
[Montfoort & Ros, 2008] Dutch society does not halke long-term orientation of the Japanese
or the need to use it as a status symbol.

On the other hand the Dutch social system is mex#blie and can probably execute changes in a
much shorter time-span than the Japanese systempdies and individuals are also more
likely to take risks than in Japan which might leé@dmore companies starting research or
development of renewable energy technologies. Eurtbre, as Dutch society is highly feminine
there is a lot of focus on quality of life and theing environment, which could potentially
promote renewable energy technologies amongst mesto

130



