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Introduction

The Kyoto Protocol will enter into force in Febrya2005 but thelnternational
Energy Outlook 2004 one of the most respected international sowkitisrespect to
energy issues — concludes thatbased on expectations of regional economic growth
and dependence of fossil energy, global carbonidéxmissions are expected to
grow more rapidly over the projection period [up 2025] than they did during the
1990s (EIA, 2004).” The international community stilldas an enormous climate
challenge and new technologies are essential iry @assible long-term strategy.
Supporting the use and development of photovoltags technological strategy in
climate policy requires however a comprehensiveuragntation. Critics will
emphasize the current cost disadvantage of phdtesland the growing — but still
modest- role wind power is assuming in several pean countries. Furthermore, it is
frequently stated that there exists more cost-#ifecstrategies and technologies to
reduce greenhouse gas emissions.

We partly share these criticismiut think that climate policy strategies esseltial
consist of several complementary strategies. Tawigg capacity of wind energy is a
very desirable development but it is not an arguragainstphotovoltaics. There is a
limit on theprofitable expansion of wind power, and at that point anoffustainable
technology will have to take over to keep the decaisation process going on.
Buying hot air from Russia — assuming that thisaptvill be available at favourable
conditions for countries like Belgium- is projectéal be a cheap climate policy
option. But after 2012, there is no hot air anymamed our growing energy use needs
to be converted in a more sustainable energy use.skduld therefore carefully

distinguish between short-term climate policy oppoities and long-term necessities.

When comparing energy technologies, most analystsisf on cost figures. But

important choices that can impact our future dgwelent should never be based on
one single criterion. With a broader analysis, pholtaics can emerge as an
attractive option for several reasons. In this doent, these reasons will be discussed
in detail. Of course, cost information and projecf of cost developments are

! Most analyses of cost-effectiveness in climatécgahclude measures to reduce emissions in a
relatively short period, e.g. up to 2012, while thal potential of radically new technologies wuilly
materialize over much longer periods of analysis.



essential and will not be omitted. Of equal impoct are the industrial opportunities
associated with technology policy. The promotionsofar energy will create new

activities, new jobs, new knowledge dynamics, dlge chance that Belgium will

capture economic benefits from a pro-photovoltatategy also depends on the
current world markets for modules and systems. »eroew of the current market

situation is therefore included in our overview.

Finally, policymakers will decide upon the (neamjure of photovoltaics. What are
the policy options available and which interactiom® essential to support the

commercialisation and further development of pholiaics?

The structure this document;

A. The relevance of photovoltaics as a policy option

B. The current market situation

C. Policy design and argumentation

D. Conclusions

E. Appendix : Competition among renewable energy teldgies: PV and

Biomass



A. The relevance of photovoltaics as a policy optio

By the use of semiconductor materials, photovol(&¢) cells convert sunlight into
electricity. The seed technologies of solar pholtavcs emerged in the 1940s and
1950s but until the late 1970s, energy analystqidothat PV systems could not
produce energy net of the energy embodied in thenufacturing (Georgescu-
Roegen, 1979). Since then, a spectacular techmalogvolution transformed PVs
into net energy producing technologies with enepgyback times of 5 to 7 years
(Oliver and Jackson, 2000). In addition to thearegrgy production, solar technology
has clear environmental benefits with the avoidantegreenhouse gas (GHG)
emissions and conventional air pollutants (like,SCO, NG« and PMg). PV
furthermore offer the potential for a more balancdigersification of energy
structures and systems that are currently overwhglgndependent on fossil fuels.
Two decades of experiences with PV is a short denoour history of energy
technology but the prospects for an solar tramsitigproved strongly.

Despite the recent awareness of the potentiafoolEV, most energy market analysts
seem to hesitate about the future role of soldmelogy in the global economy. This
can be attributed to a very narrow comparison ettekity production costs in an
energystatus quamodel. In its recen®orld energy, technology and climate policy
outlook 2030(WETO), the European Commission (2003a) concluithes in the
reference scenario PV will remain uncompetitive 2080, a conclusion that leaves
the technology only a symbolic contribution in dita policy. The relevance of this
type of assessment is limited since Retfal concluded already in 1983 that the solar
energy transition will have little to do with theexgystatus qudout everything with
policy choices based on environmental and othesidenations.

What is the future role of PVs? Obviously, therend one unique answer to this
guestion. In the next overview, we present sevaggptoaches to answer this question;
private cost comparisons, learning curve analygsisial cost analysis and finally PV
and CAPM.



1. Private cost comparisons

The main contributor to the cost of photovoltaieatticity is the capital cost of the
system. This capital cost depends on the peak wlatigered by the system. Watt
peak (Wp) indicates the peak output when solaratadi equals 1 kW per rand
hence determines the area of solar cells that meigturchased. The are different
methodologies to calculate the electricity cost$dfbut the outcomes are generally
consistent.

Deutch and Lester (2004) present a cost analyatsithbased on the approach of an
early report of the American Physical Society. heit analysis, the capital cost per
peak kilowatt, Cl ($/kWp), is expressed as the sdithe power conditioning cost to
convert DC power from the PV modules into AC povarthe utility, the cost of the
photovoltaic array — comprising many individual pihwltaic modules- and the
associated land cost. The costs are then calculated

Cl ($/kWp)= 1[G, + (Cs + C)/np]

with :
f = indirect cost factor, roughly 1.35
C, = power conditioning cost, about $140/kWp
Cs = site cost, about $20fm
C. = array costs in $/m
0p = peak solar insolation (kWpfin

n = array efficiency

With a capacity factor of 25%, a ten-year loan vath0% constant interest payment
per year, a typical cell efficiency of 10% and alpesolar flux of 1 kWp/rhand
finally zero array costs Deutch and Lester (200zh)ctude that the electricity cost
from PV would be 3.4 US$cents per kWh. The calooaéexcludes maintenance and
backup power costs. Of course, array costs arer zeve so this estimates is rather a
lowest possible price limit. Today, photovoltaidleen encapsulated arrays can be
manufactured for between $1 and $2 per peak Wat. fdllowing table illustrates

how the electricity cost varies with the array cost



Array capital cost ($/Wp)  Array cost (cents/kWH)V system cost cents/kWh)

0.50 5.00 9.9
1.00 10.00 14.9
2.00 20.00 24.9

Starting from these cost figures, PV costs canrbggted as is shown in Table I.

Table | — Estimated PV electricity costs

1991 1995 2000 2010-203p
Delivered electricity price (cents/lkWh) 40-75 25-502-20 <6

Module efficiency (%) 5-14 7-17  10-20 15-25
System cost ($/Wp) 10-20 7-15  3-7 1-1.5
System lifetime (years) 5-10 10-20 >20 >30
US sales (MW) 75 175 400-600 >10 000

Source: Deutch and Lester (2004), p.43

Deutch and Lester (2004) conclude that althoughptiee of photovoltaics has been
falling, there is still a long way to go. Furthemapthe system lifetime target have
also not been demonstrated what leads to rathenisfit projected economic costs.
But their analysis equally shows that there artediht technological fields that can

innovate to lower the electricity cost from PV.

With an alternative cost calculation that leadsatiher similar results, Van der Zwaan
and Rabl (2003) present the cost of PV in termsapacity costs ($/Wp) and
electricity production costs (cent/kwWh). The cosPY¥ consists of solar module costs
and associated BOS (balance of system) costs. Ginediverse applications of the
solar modules and the very different BOS requirdsjahis preferable to report cost
ranges. For single and multi-crystalline silicone tcapacity cost of grid-connected
PV systems is 3-8 $/Wp. For amorphous silicon ahdrathin film these costs are 2-7
$/Wp. For a stand-alone PV system, the capacitis@® much higher and lie in the
range of 4-30 $/Wp.

Van der Zwaan and Rabl (2003) calculate the costkpeh of PV by adding
operation and maintenance as well as financialsctustthe capacity costs ($/Wp).
Based on an economic lifetime of 25 years, a réalést rate of 5%, annual operation

and maintenance costs at 2% of the capacity cabtaarealistic degree of climate

2 C ($ cent/kWh) = Gp[Coam + r/(1-(1+1)M)], where Gqpis the capacity cost, N the economic lifetime
of the system, r the real interest rate agg,,&he annual cost of operation and maintenance as
percentage of &y



variability, they find that the electricity costerfgrid-connected PV range between
13.6 and 18.2 cUS$/kWh for single crystalline siticand multi-crystalline (or
polycrystalline) silicon, and between 9.1 and 1@US$/kWh for amorphous silicon
and other thin film. Currently, the share of singlg/stalline silicon and multi-
crystalline silicon amounts to 89% of total modydeoduction (Maycock, 2004)
implying that the ‘average’ PV electricity costci®ser to 15 cents that to 10 cents per
kWh?®. Most authors compare these costs to a productisnof 4 cents/kWh for base
load electricity from an efficient fossil-based mlaFor stand-alone PV technologies,
the electricity costs are much higher (+70 to +100%

These figures illustrate the current cost-disacwg@tor cost gap for PV. From a
dynamic perspective, the evolution of this gapfiequal importance. This kind of

forward looking cost analysis is frequently basadearning curve analysis.

2. Learning curve analysis (experience curves — pesgratio)

Experience curves describe how unit costs ¢ (he®® Or €/Wp) decrease with

cumulative production, S(Wp),

c=0(S/I9)f° (1)

or: S =% (cle)*P (2)

Where ¢ is the initial unit cost andy3he initial cumulative production at timg=0.

The experience index is

Inrp

ﬁzm 3)

whererp is the so called progress ratio. A progress raiti0.80 means that the costs
decrease by 20% for each doubling of cumulativedpeton. In this example the
experience index is -0.322. Literature overviewsRdh modules suggest historical

progress ratios of 0.77 — 0.82 and hence learrifegte or learning rates of 0.18 —

% It is furthermore expected that especially mulfistalline silicon will continue to dominate the PV
market in the coming years.



0.23 (Parenteet al, 2002). Of course, these parameters are basedistorical
information and implicitly assume that the undewtyi production is rather
homogeneous.

Sanden (2004) uses equation (2) to calculate tlrmuatmof PV systems that need to
be produced to reach a target price that is cometio coal-based electricity. For
this exercise, the following assumptions are usegirogress ratio of 0.8 for PV
systems, a cumulative productioni® 2000 of 1.46 GWp, a unit cosf in 2000 of 6
US$/Wp and a target costaf 1 US$/Wp. Depending on solar irradiation, taiget
cost roughly corresponds to 4-8 cUS$/kWh. Sanddi04p finds that the total
cumulative production to reach the target cost82 &Wp. With an annual growth
rate of cumulative production of 30%, the targemalative production can be
reached after 21 years. With a slower growth of Y&Yoyear, it would take 41 years
to reach competitiveness. These findings shoulddmepared to the historical annual
growth rate of 24% of the PV market since 1976w&ein 1998 and 2002, the annual
growth rate of the PV market increased to 32% (Rop@D03). These results require
us to consider the validity of such extrapolatiokrtin Green (2003) presented at
the 2003 World Conference on Photovoltaic Energy Cosiear PV learning rates or
progress ratios compared to the past experiencés gas turbines and wind
generators. He concluded that for gas turbinesnand generators, the learning rates
switched from the same 20% now observed for PV wehrlower rates around 5 to
10%, and finally towards a more or less stabilipeides. For gas turbines, the first
reduction of the learning rates took place arou#@3lwhile for wind turbines 1993
was the last year with a 20% learning rate. If grisgress pattern will materialize for
PV, cost competitiveness will not be reached wilryears.

In a next step, Sanden (2004) calculates the sylugigt to support the global PV
production project — based on the difference betvibe electricity cost from PV and
the target cost- and expresses this subsidy costlation to the annual electricity
production in OECD countries. With a progress rafi®.80, the subsidy cost would
peak at 0.1 cUS$ per kWh. When this relative sybsast is compared to the cost of
the German coal subsidies — estimated around 1 @é8%&Wh- Sanden concludes
that PV could be a low cost strategy to radicaligroge the current electricity system.
Presenting the subsidy cost as relative to acteatreity consumption is however of
limited relevance. The crucial question is who @éng to pay the subsidy cost to let
PV production grow to 382 GWp. When all OECD coig#trcharge an additional tax



on their electricity use to finance these subsjdies presentation by Sanden makes
sense. But only a limited number of OECD counthase currently an active policy
to support PV. Why then should countries that naneconsider PV as a viable
climate policy strategy finance such an ambitiouissgly program? The comparison
to German coal subsidies is illustrative in thimtext. Germany finances these
subsidies because of strong internal powers thatrdluence the policy process. But
where are the strong powers inside the OECD thihtfight for the imposition of a
global pro-PV electricity tax? Of course, suppartithe take-off of PV should not
solely be based on electricity taxes. Whateveruns¢ént or approach is selected, only
a strong and growing coalition of countries thamoat themselves to PV can
succeed. Given the limited number of countries Hwtially invest in PV, a sudden
policy change in a country like Germany can endatige growth rate of the global
PV market.

Results from learning curves analysis should befally interpreted by national
policymakers. No single agent is managing the dlaterket, nor global production
(in cumulative MW). This implies that national potmakers can not influence the
evolution of the progress ratio. Furthermore, thegpess ratio is the result of joint
actions by an unknown number of participants. Th& cost impact of efforts by
companies in countryX depends on the efforts by companies in the othér
countries (withn as a variable, not as a constant). At the levethef individual
company, a lower unit cost for PV modules that Wil produced in the future can
only be the result of targeted efforts and investi:i¢o improve process efficiency.
As a result, only companies that can invest inritexpansions of production and
have access to updated process innovation infavmatill benefit most of potential
learning effects. The ability to invest depends attractive market prospects and
access to financial markets while access to retekaowledge is the result of past
interactions with other firms (competitors as weal suppliers and customers),
universities, research organisations, independaenists, etc. The latter condition
suggests that experienced firms that operate irssidead network have the highest

chances to benefit from the progress ratio insidmdustry.
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3. Social cost analysis

Learning curve analysis as presented in the fonpaeagraph is limited to private
production costs. Especially for policymakers, otliean private production costs
should also be considered when comparing diffeesttnologies.

The environmental benefits of PV provide the magbartant justification for public
investments in this technological trajectory. Ttecualated cost gap of some 5-15
cUS$/kWh for grid-connected amorphous silicon aespectively multi-crystalline
PV neglects the environmental costs associated &gbtricity based on fossil fuel
power plants. When we calculate the external dostfossil-based electricity and add
these to the private production cost, we obtain dbeial cost in cents per kWh
electricity produced. Obviously, the social cosfaxsil-based electricity exceeds the
often referred to private cost benchmark of 4 clW®B8i. A precise calculation of
external costs is very problemdtibut research during the last decades made it
possible to estimate ranges of external costsdecific pollutants emitted by power
plants (EC, 2003b).

Van der Zwaan and Rabl (2003) present some danwsje based on fuel chains in
the EU. The most important conclusion of this tgbanalysis is the strong projected
reduction of non-climate external costs — othenttiee external costs from GQOwith
the newest types of gas, coal and oil plants. Wtiike non-climate damage cost
(PMyo, SG and NQ) of a coal-fired plant built in the 1990s was cddted at more
than 10 cents/kWh, the damage cost for the mosnteglants slightly exceeds 1
cent/kWh. The non-climate damage cost of the mese¢nt gas and oil plants is 0.2
respectively 1.3 cents per kWh. The calculationhef climate cost of pollutants like
CO; and CH is very problematic since these costs did nonyaterialise, at least not
at a distinguishable scale. These damage costefdherneed to be based on
discounted future damage costs but it is currehighly uncertain where the local
impacts of a global warming will be most visibles Aan alternative for these
methodological problems, avoidance costs are frfyueused (EC, 2003b).
Avoidance costs are shadow prices to reach a specifironmental target, e.g. the
reduction targets of the Kyoto Protocol. But thea @nd up with the problematic

situation in which countries with a soft Kyoto tatghave a lower C&damage cost

* External costs are by definition location spedifézause exposure depends on geographical
characteristics such as population density.
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than countries with an ambitious Kyoto target. Vda bowever mention that for most
countries, a climate change damage cost aroundcht® per kwWh is frequently used
for coal-fired power plants (EC, 2003b).

Without climate costs, the inclusion of damage €axtthe most recent fossil fuel
electricity plants into the price would reduce ttwst gap with PV to 3.5 to 13.5
cents/kWh. When a climate cost of 2 cents is aditedprice gap is further reduced to
1.5 to 11 cents per kWh. When the oldest coal-fpkhts are considered, PV would
have a cost advantage but this would only be teampaince the oldest plants will
not be operational within 20 years. So without eliencosts, prices based on social
costs will not close the cost gap for PV. This firgdis not undermining the viability
of PV since climate policy is not based on precakeulations of future damages but
on approaches and strategies to meet short- andle¥term reduction targets. So
although policymakers do not know the damage cesttgn CQ emitted, they can
gradually introduce a price penalty on GHG emissiaa reduce total national

emissions.

4. PV and CAPM

The potential of PV is mostly assessed by engingeroncepts such as learning curve
analysis. In financial valuation, portfolio theooy the Capital Asset Pricing Model
(CAPM) is widespread used for comparative valuagaercises. The key feature of
CAPM is a risk-adjusted valuation of assets/reseaithat compose a portfolio (see
Varian (1993)). With CAPM, the true relative valoePV can only be determined by
evaluating alternative energy technology portfolidkis analysis can yield different
outcomes than simply comparing alternative eneeghriologies without considering
the total energy system. In conventional cost compas of alternative energy
technologies, important risk categories that apgcgt for the whole portfolio are
often neglected what limits the relevance of treiite’. This section will illustrate the
valuation of PV based on CAPM.

® In private investment analysis, the ‘risk-awa@&PM-investor first considers the content of its
portfolio (e.g. 60% stocks, 40 % bonds) then thdasal characteristics of the selected assets 26%.
ICT, 25% distribution) and finally his attentionfecused on the performance of individual companies.
A less risk-averse investor would simply buy a nemtif stocks that seem to outperform the market.
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4.1 CAPM and energy system risks

To elaborate the use of CAPM, we need to acknovedlgt the cost disadvantage of
PV - 3.5 to 13.5 cents’/kWh based on non-climate aipas neglects two crucial

guestions:

a. can we assume that the production cost of 4 cefts/for base load electricity
from an efficient fossil-based plant remains comistever time, and:

b. how should our future energy and electricity infrasture look like?

With record prices for fossil fuels — up to 55,6 p& barrel in October 2004 and the
ongoing tensions on world oil markets-, many of liweg-term oil price projections
are revised (or revision is considered). Gas prades strongly increased but this
market is characterised by regional differencesthiem WETO 2030 report of the
European Commission (2003a), the oil price for thk reference scenarios is
projected to reach 35 €/bl in 2030 sudden price jump is not a reason to revise
long-term projections but there are clear indigadithat current price rises are al least
partly structural. The demand-impact of ongoin@msr economic growth in China,
India and Russia seems to be underestimated by most internatiooahagnic
organisations. Given the dependence of our indalithansport systems on oil and to
a lesser extent on natural gas, the opportunity obsurning oil for electricity
generation will increase. If electricity producetisen opt for the lowest cost
alternative, (clean) coal-fired plants can becorteetive again. Currently, the US
Department of Energy already funds 65 carbon séx@iies research projects for
$110 million under its clean coal program. As pHrits climate policy strategy, the
US also invested in clean coal collaboration agesgmbetween China and India (US
Department of Energy, 2003). Carbon sequestratibnomwer CO, emissions into the
air but will definitely increase the cost of coakfl plants because of the efficiency
losses from sequestratfonMore coal-fired electricity plants will bring aew
challenge for air quality policy in most developeduntries, eventually leading to

higher average production costs because of ristygp8d NQ abatement costs.

® The WETO 2030 report was written at a time whenwia$ priced less than 1 US$.
" Real growth of GDP in China, India and Russia respectively 8% (2002), 8% (2003) and 7.3%
(2003).
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Probably everyone realises that out energy andrigigg infrastructure in 2040 or
2050 should not look like the current fossil-baseablel. Developed countries cannot
escape their responsibility with respect to thmate challenge and the pollution from
current electricity production should be furthedweed. Of equal importance, the
technologies to reduce GHG as well as non-GHG potiushould be transferred to
the new centre of the global economy in 2050 — As#and other regions. The richest
countries face a transition to a low-carbon and-pmNution economy. In countries
like the UK, this challenge is now an explicit paftlong-term economic policy. In
2003, the UK Department of Trade and Industry (Dgdplished its energy white
paper that aims at a 60% reduction of greenhousesgacompared to 1990 levels- by
the year 2050 (DTI, 2003). This document is supgzbtly the British government as
well as British industrial federations. With thigpédicit goal, the UK wants to become
the leading European low-carbon economy and gaiforg-term comparative
advantage from the new energy technologies thaheeeed to realize the reduction
target. Apparently, the future market prospectseoewable and low-carbon energy
technologies are too attractive to allow countfiks Germany, Denmark and Spain
to further strengthen their EU leadership.

Given the gravitational powers of the curr@mchno-Institutional Complewith its
carbon lock-in (Unruh, 2000), policymakers will fresmooth transitions that respect
existing economic interests of the dominant playBieswv technologies that gradually
complement existing technologies provide the keljutem because they do not
endanger vested interests. Once new technologeeseady for commercialisation,
dominant players can diversify their portfolios ibyesting in the new technologies.
This is what is currently happening with wind eneng several European countries.

In addition to environmental concerns, energy sgcureturned back as an
international issue since the terrorist attacksSeptember 11, 2001. All developing
countries are aware of the need to diversify thagrgy supply and hence electricity
production. And with the record high oil prices ahé recent revisions of known oil
reserves by several major oil companies, fearafiognergy scarcity are expressed in
popular media.

The conclusion of this overview of environmentahcerns and energy-related risks is

that energy planners should carefully balalezest-costalternatives versuleast-risk

8 The efficiency losses are estimated between 16%. 1
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alternatives. Therefore, from a national policy gpective, incorporating riskless
physical assets such as PV and wind may be edstmtiang-term energy security
and reliability (Awerbuch, 2000a). Renewables amenedrisklessfor two reasons:
they face no price volatility with respect to inputuring usof the installation and
neither the risk for future environmental restoas on the use of the technology.
Given the further depletion of fossil fuel reservasd the accumulation of
environmental stresses — reflected by the contislyouncreasing atmospheric
concentration of C®@ our current carbon lock-in will gradually evolweto a too
risky economic and social infrastructure. This iseatainty, not an assumption. The
remaining uncertainties are related to the len§theavailable transition period. Can
we afford to proceed with business-as-usual uriil5? 2025 or 20357 A political
answer to this question will be based on the tghiti reduce the expected risks and

the economic consequences of the risk-reducintegies.

4.2. CAPM and price volatility risk

Properly designed portfolios yield a portfolio effei.e. a reduction of portfolio risk
through diversification. Investors base their uéiten investment decisions on the
trade-off between portfolio return and portfoligki Only high returns can motivate
the acceptance of high risks and vice versa. Inctiregext of electricity generating
technologies, our portfolio is composed of physissets that produce an output in
kWh. Returns on a technology can be compared wikpressed as dollarcent per
kWh produced or as kWh per dollarcent. The lattptiom yields a graphical
presentation of outcomes that is very similar srsults from conventional financial
portfolio analysis, and is also used by AwerbucbO@) and Awerbuch and Berger
(2003). The price volatility risk of a generatingchnology is simply the standard
deviation (SD) of fuel prices, computed for theiper1990-2002. Data from IEA
(2003) were used for coal and gas prices. Giversitpeificant national differences
for coal and gas prices in the EU, we used as fwiceoal for electricity generation
the average coal price in Belgium, Finland, Fraand Germany. The natural gas
price for electricity is calculated as the averpgee in Finland, Germany, Hungary

° With respect to the production of PV modules, nfiacturers face price volatility risks for the used
materials (semiconductors). Most authors do na@deen semiconductor scarcity problems.
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and Ireland. Uranium prices {W0g) from The Ux Consulting Compatfywere
used. The calculated standard deviations of the gaal and uranium prices are
respectively 0.109, 0.244 and 0.173. The corralatioefficients between gas and
coal, gas and uranium and coal and uranium aresctigply —0.226, 0.354 and —
0.0157.

4.2.1 CAPM 2005

We illustrate the insights from portfolio theorytiwian analysis of five generating
technologies for the EU in 2005; gas fired (CCGDgl fired (steam boiler), nuclear,
wind and PV. We then present two scenarios for 2@ibfired plants are not

considered, mainly because of the modest prosfmotsl-fired plants in the EU.

Table Il — Technology returns in three scenarios

Technology KWh/centin 2005 KWh/centin 2025 (A) KWi/cent in 2025 (B)

Gas 0.40 0.45 0.36
Coal 0.32 0.34 0.25
Nuclear 0.29 0.30 0.30
Wind 0.27 0.36 0.36
PV 0.12 0.30 0.30

Given the significant differences in fuel pricesed technologies and average age of
technologies in portfolios in EU-countries, evess@ssment of average returns on
power plants in the EU hides many differences. Hamethe values presented in the
second column of Table Il for the year 2005 areselp in line with the existing
literature. The returns for 2025 (two scenario26 and 2025 B) will be explained
later.

In a first step, we calculate the returns and risksll portfolios in 2005 that only
make use of gas, coal and nuclear technology. Tndopo return is simply the
weighted sum of the technology returns. For 2008, Highest (theoretical) portfolio
return is hence 0.4 (with only gas technology usébdg lowest return for 2005 would
be 0.27 when only nuclear capacity is used fortet#ty generation.

Portfolio risk is a weighted average of technoloigks (SD of input prices) tempered

by the correlation coefficienitsbetween all technologies.

10 http://www.uxc.com/review/uxc_prices.html
" This effect is of special relevance with negatierelation coefficients.
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The varianc¥ of a portfolio withN technologies, with as the share of technology i
in portfolio, o; as fuel risk for technology i (SD of fuel pricem)dp; as correlation

coefficient between the returriss:

N

N
g, =22 XiX,0,0,0,

i=1 j=1

Figure | presents the results for portfolios thatyoinclude gas, coal and nuclear
technologies. G stands for a 100% gas portfolidorCa 100% coal portfolio and N
for a 100% nuclear portfolio. All the other pointsfigure | represent a combination

of more than one energy technology.

Figure | — Portfolio analysis for gas, coal andlaactechnologies
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The combination of gas, coal and nuclear technolagyoint A delivers the lowest
portfolio risk (SD= 0.088). Figure | shows that rtheare several combinations of
energy technologies that deliver a comparably |sk tevel at different portfolio

returns. Table Ill presents portfolio results feveral ‘low risk’ combinations close to

point A in Figure I.

Table 11l. Returns and risks of portfolios close toA

Return (kWh/cent) Risk (SD) Share ofgas Share ofbal Share of nuclear
0.382 0.0897 78% 22% -

0.374 0.0887 70% 24% 6%

0.371 0.0890 70% 15% 15%

0.369 0.0887 68% 16% 16%

0.367 0.0886 66% 17% 17%

0.366 0.0882 64% 20% 16%

0.365 0.0894 64% 16% 20%

The portfolio analysis clearly presents the riskune trade-off with the selection of
energy technologies. All the combinations betweenadd G in Figure | are
considered to be on the efficiency frontier sinaavmg from A to G results in higher
returns at a higher risk. Moving from A to N or imoA to C would result in lower
returns at a higher portfolio risk, clearly an uretive option. Ultimately, the
selection of a technologies between A and G dependke risk averseness of energy
planners.

Without renewable energy, policymakers can not cediotal portfolio risk below
SD=0.0886 and are limited to efficient choices lestw A and G. The inclusion of
renewable energy in the analysis for 2005 revelads unique role of renewable
energy. In this analysis, renewable energy offeiislaless alternative since there are
no input prices. A hypothetical portfolio with gnivind energy would deliver a
return of 0.27 (see Table Il) at no risk. Hencedbeelation with other input prices is
zero. Figure 1l shows the portfolio consequenceadofing wind technology to any of
the efficient combinations between A and G. Stgrfnom combination O (88% gas

and 12% coal), a linear increase of the share ofiviiom 0 to 35%' of the total

13 Since in this simplified analysis, only the fuiskris considered, any change of the return in
kWh/cent is due to input price fluctuations. Hertbe, correlation coefficient between returns isaqu
to the correlation coefficient between input priegies.

14 A 35% share of renewable energy is currently pnaiattic in terms of grid management and grid
reliability. Electricity generation from intermitterenewables can range between 10 and 30% of total
generation without any side effects on systembiiig if the backup generation is provided maiily
hydro or gas-fired plants which have quicker loadsge following capacity (Poponi, 2003).
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portfolio results in the straight line OO’. The sbs of gas and coal in the new
portfolio are both reduced by the percentage ofivenergy. A further increase of the
share of wind would result in OO’ intersecting taxis at a portfolio return of 0.27
kWh/cent.

Figure Il - Portfolio analysis for gas, coal, nari@and wind technologies
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The inclusion of wind energy strongly expands thenher of efficient combinations
from A-G to O’-G. Of equal importance is the unicaiglity of renewable energy to
reduce portfolio risk. A 20% share of wind energy-a portfolio with 70.4% gas and
9.6% coal- results in portfolio risk of SD=0.056Adaportfolio return of 0.3663
kWh/cent. Compared to Table Ill, an almost equatfpbio return is realised at a
much lower portfolio risk. The inclusion of wind engy eliminates the formerly
efficient combinations between A and O (see Figuence these result in portfolio
returns at much higher risks than necessary.
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4.2.2. CAPM 2025 A

Based on the parameter values in Table II, the Isition for 2005 is repeated for
2025. We assume that in 2025, PV is as compettiveuclear energy (0.3 kWh/cent)
but still uncompetitive when compared to the oteergy technologies that could all
improve their efficiency. This scenario appearsimstic but is in fact still biased
against renewable energy for two reasons. Firstly, assumed that input prices
(natural gas, coal and uranium) are identical tws¢hin 2005, and that the price
volatility of these input prices up to 2025 is aidentical to the price volatility used
in the simulation for 2005. More price shocks sashin October 2004, will increase
price volatility of fossil fuels. This will of coge increase the portfolio attractiveness
of renewable energy. The impact of higher prices ako be limited because of
further technological improvements that make itgilde to produce more electricity
from the same inputs. As a benchmark, it is howeeey informative to analyse the
contribution of PV under the biased simulation. Thsults are presented in Figure
lIl. We consider first the situation without PV.geire Ill is more complex because of
the additional technology —wind technology- in tlpertfolio. From several
combinations of technologies, more or less strdighs depart. This pattern is caused
by the linear increase of wind energy to a comlpdmathat initially excluded wind
energy. The extrapolation of these lines would ltesuintersecting the Y-axis in a
return of 0.36 kWh/cent, i.e. the return of windesgy in 2025. Without PV, the
efficiency frontier is the line form A to G. Portio A (61.6% gas, 8.4% coal and 30%
wind) yields a return of 0.4137 and a portfolickrizf 0.0656. Combination B (50%
gas, 9.5% coal, 10.5 nuclear and 30% wind) is arafficient combination resulting
in a return of 0.3968 and a portfolio risk of 0.86Policymakers can jump from B to
A to increase portfolio return at the cost of ah@igportfolio risk and can then move
from A to G, what will confront them to the classlidrade-off of higher returns
against higher risks. The inclusion of PV strongipands the efficiency frontier in
the CAPM 2025 A simulation. We add PV to the comkbions A and B to obtain
respectively the new efficiency frontier from A’ © and a less interesting set of
combinations from B’ to B.
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Figure Il — Portfolio analysis for 2025 without PV
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In the simulation, the share of PV is graduallyréased up to 25% of the total
generating portfolio. In B’ (37.5% gas, 7.12% coaB7% nuclear, 22.5% wind and
25% PV), portfolio risk is minimised at SD=0.047thkvia return of 0.3726. In A’
(46.2% gas, 6.3% coal, 22.5% wind and 25% PV),fplostrisk is 0.0492 and the
portfolio return equals 0.3853 kWh/cent.

In combinations A’ as well as B’ the total share rehewable is 47.5% of all
generating technologies. Although the ability tonage high share of renewables on
the grid can increase, this high share is probaldly realistic. A lower share of
renewables — 25.5% wind, 15% PV together with 52g&and 7.1% coal- results in
a portfolio risk of 0.0557 and a portfolio returfh @3966. This level of portfolio
return is highly competitive when compared to paids with a high share of coal
and/or nuclear. This analysis confirms that invesin renewable energy should be
valued from a broader perspective than just compatie cost of one technology to

another.
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4.2.3. CAPM 2025 B

The simulation for CAPM 2025 B differs from CAPM 2B A because of the

inclusion of environmental costs. All other assumt for CAPM 2025 with respect

to the energy input prices remain unchanged, Igathnan analysis that is in fact
strongly biased against renewable energy. The pgeanaalues in Table 1l reflect the
impact of environmental costs on technology retuPolicymakers can impose

environmental costs upon polluters by charging mrirenmental tax on every kWh

produced. We assume a tax of 0.5 cent per kWhraggtproduced in a gas plant

and a tax of 1 cent per kWh electricity from a golaint. The return parameters in the
last column of Table Il are after tax returns, loasa the pre-tax returns in CAPM

2025 A (third column of Table }j. The results from the CAPM 2025 B simulation
are presented in Figure V.

Figure IV — Portfolio analysis for 2025 with PV
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15 A return of 0.45 kWh/cent for gas implies a kWlbghuction cost of 2.22 cent (1/0.45). After the tax,
the production cost increases to 2.72 cent whaliésp return of 0.36 kWh (1/2.72).
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Although scenario 2025 B is presented as a scemnaioding environmental costs,
higher input prices and no internalisation of exétrcosts can provide an alternative
explanation for the 2025 B parameter values in @dbl Higher input prices will
reduce the production of kWh per invested ent

Figure IV shows that including wind energy increagbe portfolio return. The
straight lines in Figure IV will intersect the Y{axat the return of 0.36 kWh/cent.
Without PV, we obtain a hypothetical efficiencyiter by connecting the points D
(70% gas, 30% wind), E (61.6% gas, 8.4% coal, 30%@Wwand F (50% gas, 9.5%
coal, 10.5% nuclear, 30% wind). With F, the porddias the lowest possible risk of
SD=0.0628 while the return equals 0.3435 kWh/c@rftien PV enter the analysis, a
new efficiency frontier from E’ (46.2% gas, 6.3%at022.5% wind, 25% PV) to D
emerges. Portfolio risk of E is 0.0492, for a ratof 0.3382. When the total share of
the two renewable technologies is reduced to 4@b&e portfolio (52.4% gas, 7.1%
coal, 25.5% wind, 15% PV), a portfolio risk of 0905is obtained together with a
return of 0.3433 kWh/cent.

4.2.4. Adding other risk categories — broadenirgrntodel

The presented analysis is limited to fuel pricksiand neglects other relevant risks.
Especially with respect to new capacities to bealled by 2025 in the simulations,
construction period risks could be considered. ddwstruction period risk relates to
the precise moment of the first electricity prodoctirom the new plant and the total
construction cost of the plant. The total constarctost includes private investment
costs in additional to social costs such as actsdeturing construction and
environmental damages. Obviously, existing plardsndt face these construction
risks. Renewable energy technologies face othestnation risks than gas, coal or
nuclear plants. Off-shore wind projects are charegdd by relatively high
construction risks when compared to on-shore wirmepts and PV-installations.

Although data are hardly available, PV can provftelowest construction risks

% The results of the presented analysis with enviental costs and stable prices will slightly differ
from the results with higher prices since the fatenario brings changes in the standard deviafion
input prices.

A complete analysis of construction risks shous énclude fatal and non-fatal accidents with
roofers that install PV modules. The cost of thesgdents can be seen as ‘external’ PV construction
costs.
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Awerbuch and Berger (2003) also consider operaséind maintenance cost risks.
When these risk categories are added, renewaliladkgies are no longer risk-free
but bear some degree of market risk.

Both new risk categories can improve the qualityhef portfolio analysis. However,
relevant data are hard to find or do not exist. Aweh and Berger (2003) therefore
complement their analysis by using financial prexgach as the historic standard
deviation for various corporate bonds. The resfribsn their more complete risk
analysis however confirm the conclusions of thelyais with only fuel price risk,
even when the risk parameters are changed sigmifyce a sensitivity analysis. This
is not surprising since the fuel risk clearly doatas all the other market risks for the
electricity sector.

Finally, the presented analysis is limited becaadethe selection of energy
technologies. Other renewable energy technologmes twind and PV are not
considered. In principle, there can be competitmetween different renewable
technologies. In the appendix, we introduce biomags the portfolio model. Our
results illustrate that short-term cost-comparisorsd to be clearly distinguished

from long-term cost comparisons.

4.3 Conclusions

The cost disadvantage of the PV installations tatently dominate the market are
still significant (between 10 and 15 cents per kWiif)e electricity price from fossil-
based power plants and nuclear plants however @sslinistorical subsidies that
made these technologies competitive, as well asdh&l costs from the production.
When social costs are added to private productimtse the cost disadvantage of PV
is reduced. With the most modern types of fosssiellapower plants, the remaining
external costs are relatively low. Even a perfattmalisation of external costs will
never make current PV technologies competitive.

The global PV market grows by some 30% each yedttda evolution will generate
important cost reductions in the future. Sande®@42@alculated that PV can become
competitive after some 20 years of further growithere are however no guarantees
that the progress ratios or learning ratios wilnaén identical over the coming

decades. Green (2003) presents evidence of stemhgtions in learning effects for
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gas and wind turbines and when the same phenoméadas place for PV,
competitiveness will be further postponed.

Cost competitiveness is however but one factor gomplex analysis. Our future
energy systems need to adapt to new market realiReserves of fossil fuels are
limited and price increase are inevitable. Sudd&eshocks have significant macro-
economic impacts with cost consequences that aesuned as a percentage of lost
GDP instead of additional cents per kWh. Strategiergy dependence is another
aspect of future energy systems. All developed t@ms need to reduce their
dependence on oil and renewable energy can cotdrtiouthis goal. Our portfolio
analysis showed that PV, next to wind energy, effiae ability to reduce the risk
from fossil-fuel dependence while the cost conseqges of an energy system
transformation are modest. Not investing in PV iscmriskier than promoting the
diffusion of PV.
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B. The current market situation

The global photovoltaics market was and remainsariing market. Growth rates of
30% or more have become the established trendeimglttbal photovoltaics market.
2003 was no exception, and 2004 seems to be gduatlyant. World PV cell and

module production reached its highest ever leveP®3 at 744 MW (Maycock,

2004). This represented a 32.4% increase (182 MMithrin annual output) over the
2002 figure of 561.77 MW. In both Japan and Eurgpeduction grew by over 40% -
Japanese PV cell and module output increased byt453863.91 MW during 2003,

and there was a 43% increase in European productid@3.35 MW. However, there
was for the first time a decrease in PV productiothe US, which dropped by 14.6%
to 103.02 MW, largely due to the collapse of Asto®r. The global PV market
therefore seems to be a market in transition wiootunities for newcomers among
leading companies that all are vulnerable to suddemges in the political climate

surrounding solar energy.

1. Market leaders

Table IV shows that Japan dominates the world navke a share of 48.9% in total

production in 2003. Europe follows with a globalash of 25.9%. The Japanese
dominance is a rather recent phenomenon. In 1888V market was still dominated
by US firms.

Table 1V. World PV production in 2003 (MWp-DC)

Region 1995 1996 1997 1998 1999 2000 2001 2002 2003
Japan 16.40 21.20 35.00 49.00 80.00 128.60 171.22 251.363.91
Europe 20.10 18.80 30.40 33.50 40.00 60.66 86.38 135.05 3.3%9

us 34.75 38.85 51.00 53.70 60.80 74.97 100.32 120.6®3.02
ROW 6.35 9.75 9.40 18.70 20.50 23.42 32.62 55.05 83.80
Total 77.60 88.60 12580 154.90 201.30 287.65 390.54 7361.744.08

Source: Maycock (2004)

The bulk of the PV production is highly concentcataut the market is clearly open
for newcomers (see Q-Cells, Photovoltech). In 2008,top ten manufacturers of PV
cells and modules accounted for 85% (634.42 MWjotdl global production (see

Table V). Japanese companies maintained first laindl positions, with Sharp well in

26



the lead at 198 MW and Kyocera at 72 MW. Shell Sotame second with 73 MW,
followed by BP Solar with 70.23 MW. RWE Schott juetpfrom seventh to fifth
place, tying with Mitsubishi on 42 MW. Sanyo's puction of its high-efficiency
amorphous silicon/crystal silicon heterojunctioroguct took eighth place, while
AstroPower dropped out of the top ten from sixtleleventh place at the end of 2003
(AstroPower has subsequently been bought by GEJell, producing 28 MW in
2003, joined the top ten. Isofoton moved up to sdvelace and Photowatt retained
tenth position.

TableV. Top PV cell/module producers

Company Production by year (MW) Ranking

1999 2000 2001 2002 2003 1999 2000 2001 2002 2003
Sharp 30.00 50.40 75.02 123.0798.00 3 1 1 1 1
Shell Solar 22,20 28.00 39.00 5750 73.00 4 4 4 4 2
Kyocera 30.30 42.00 54.00 60.00 72.00 2 2 3 3 3
BP Solar 3250 4190 5420 7380 70.23 1 3 2 2 4
RWE Schott (was ASE) 10.00 14.00 23.00 29.50 42.00 7 7 6 7 5
Mitsubishi N/A  12.00 14.00 24.00 42.00 NA 9 9 9 5
Isofoton 6.10 950 18.02 27.35 3520 - 10 8 8
Sanyo 13.00 17.00 19.00 35.00 35.00 5 6 7
Q-Cells - - - - 28.00 - - - - 9
Photowatt 10.00 14.00 14.00 17.00 20.00 7 7 10 10 1o
AstroPower 12.00 18.00 26.00 29.70 17.00 6 5 5 6 1
Total 166.10 246.80 336.24 476.92 632.43 -
World total 201.30 287.65 390.50 561.77 744.08 -

Source: Maycock (2004)

Sharp

With a share of 26.6% of total production, Sharpledinitely leading the global PV
market. Sharp started with the development of soddls in 1959 and introduced in
1980 the first calculators with solar cell batterig#he development of high-efficient
multi-crystalline silicon solar cells started in9®and since 2000 Sharp is the number
one producer in the world. Without any doubt, Shaitb continue to dominate the
global market in the coming years. Since June 2804yp sharply increased its solar
cell production line to 315 MW with the start ofopluction at the Shinjo Plant in the
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Nara prefecture. Since February 2003, productipacity expanded from 200 MW —
comparable to Table V- to 248 MW in November 2008 dinally 315 MW
nowadays. This unseen expansion is motivated by gitoeving domestic and
international demand (Sharp, 2004). In its pressase on the Ninjo plants, Sharp
refers to the German policies to promote PV systant comparable programs in
several US States. Sharp predicts that global Rvadd in 2004 will top 1 GW. With
expected cost reductions resulting from this exjpen®f capacity, other global

players risk to face very tough price competiticoni Sharp.

Shell Solar

The headquarter of Shell Solar is based in Amsterbat the company is in fact a
global player with manufacturing bases in the U8tr@any and Portugal. Shell Solar
is an integrated company, active across the ewdilee chain of photovoltaics; from
manufacturing of silicon components, solar cellsl @aolar modules to selling of
complete systems and installations. In additioa,dbmpany developed over time an
extensive and highly experienced network of audeati distributors, dealers and
installers around the world.

Total annual capacity of Shell Solar was estimae®d0 MW in early 2003 and
expanded since then (see Table V). The companyogsigbme 1300 people around
the world and recently incorporated Siemens S@Aaell invested millions of Euros
in Shell Solar and is rather straightforward whercomes to the future of solar
energy. According to Shell, solar power has theipixdl to produce 10 to 20% of the
energy generated in the future buteither in Europe nor anywhere else major
portions of the solar energy market can surviveheaut subsidies at present. Its
development is decided on in the political aremént)y with corporations venturing
to invest because they believe it will lead to angwrcial line of business in due
course(Shell, 2002)".

Kyocera Solar

Kyocera Solar Inc. or KSI is part of the Kyocerawgp which was founded in 1959 in
Kyoto by eight scientists. Ten years later Kyocstated to operate in the US and
since then the North American operations of thaigrexpanded to more than 5 000
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employees engaged in the manufacturing and saebobad range of state-of-the-art,
high-technology products in the United States, @araend Mexico.

KSI is a vertically integrated high-tech compangttierves the widely varying needs
of customers for distributed solar electricity thgh two major market channels.
Industrial customers, such as original equipmentnufecturers, government
organizations, utilities, corporate clients anditoions, are served directly with fully
integrated system packages. KSI also serves alghabaork of more than 1 500
authorized distributors and dealers with compongrdskaged systems, engineering,
technical support, project management, sales hielsgture and training. One of the
most important products of KSI is the integrated®én™ Grid-tie Photovoltaic (PV)
Power System, consisting of photovoltaic modulegliract current to alternating
current (DC-to-AC) power conversion device, DC wiriand protection, AC wiring
and protection, lightning protection, component mtong and mechanical support
(Kyocera, 2004).

BP Solar

The origin of BP Solar traces back to 1973 with finending of Solar Corporation.
Solarex later purchased Exxon’s Solar Power cotmoraand was purchased by
Amoco Oil. In 1985 BP started to build manufactgrplants in Spain and acquired
plants in Australia. In 1999, BP Solar and Solarexged. In the US, BP Solar has 3
manufacturing plants, the BP Solar Headquarterd, \zarious sales and support
offices. BP Solar's operations in Europe range frechnical sales and services
groups in the UK to significant manufacturing ogienas in Spain to one of the
largest sales and distribution networks in Germ&®/ Solar has operations in almost
every country in Europe.

BP Solar is European market leader in solar poventg. In September 2004, BP
Solar opened its ‘Geiseltalsee’ power system inoBaxAnhalt. This project will
produce approximately 4 MW what corresponds rougdblfthe average electricity
requirements of some 1000 four-person householoistHe future, an upgrade is 6
MW is planned.

In a recent speech Steve Westwell, BP Vice PresiftenRenewable Energy and
CEO of the global solar power business, statéth :the last five years, BP has

already invested 500 million dollars in solar poveativities. During the next three to
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five years, Germany, California and other partsha# United States and Spain will be
significant growth markets. BP plans to increase global production capacities
from currently 90 to approx. 200 megawatt over toening eighteen months (BP
Solar, 2004)."

2. Types of production

The vast majority of PV manufacturing output isdifar grid-connected installations,
mainly in the key markets of Japan, Germany andJBestate of California. Table VI
shows how this trend took off in 1999 and has daneid the sector since then. This
grid-connected residential/commercial sector ismeged to have grown from 270
MW in 2002 to 365 MW in 2003. Japanese installagiam 2003 increased by 200
MW, and German installations grew by about 120 M3khaller growth was in the
US (38 MW) and the remainder of Europe (around 3@)MMaycock (2004) further
concludes that dramatic growth in market volume &admpact on prices. Thanks to
the increase in the grid-connected market, thegarigactory prices for single and
polycrystalline silicon modules decreased to arou&$2.70-3.25/Wp. Amorphous

silicon and cadmium telluride modules were soldrates of $2.00-3.00/Wp.

Table VI. World PV market by application area 19932003 (MW/year)

Application 1993 1996 1997 1998 1999 2000 2001 2002 2003
Grid-connected residential/commercial 2 7 27 36 60 120 199 270 36p
Consumer products 18 22 26 30 35 40 45 60 65
World off-grid rural 8 15 19 24 31 38 45 60 70
Communications and signalling 16 23 28 31 35 40 46 60 70
PV-diesel, commercial 10 12 16 20 25 30 36 45 50
US off-grid residential 5 8 9 10 13 15 19 25 30
Centralized (> 100 kW) 2 2 2 2 2 5 5 5 8
Total (MW/year) 61 89 127 153 201 288 395 525 648

Source: Maycock (2004)

Crystalline silicon - both single and polycrystadli- continues to dominate the sector
(see Table VII). Nearly 89% of the world's PV cafld module production in 2003
was based on sliced single crystal and polycryse8ilicon cells (660 MW). Despite
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the new plants announced in the thin-film sectoly @6 MW of amorphous silicon
(A-Si) was produced (this is 3.4% of total prodanj. In 2003, 4 MW of copper
indium diselenide (CIS) was manufactured, alondhv@&tMW of cadmium telluride
(CdTe). Sanyo produced over 30 MW of its amorphsilison on crystal silicon
slices. Single crystal and polycrystalline silicgmoduction should continue to

dominate the market for several more years.

Table VII. Cell/module production by cell technolog in 2003

Proportion

Technology Production (MW) of total

us Japan Europe ROW Total
Polycrystalline 13.42 271.23 11450 60.65 459.80 61.79%
Single crystal flat-plate 68.00 44.17 7115 17.15 200.47 26.94%
Single and polycrystalline total 81.42 315.40 185.65 77.80 660.27 88.73%
Amorphous silicon 7.10 0.01 7.70 3.00 1781 2.40%
Amorphous silicon indoor use 0.00 5.00 0.00 3.00 8.00 1.00%
Amorphous silicon total 7.10 5.01 7.70 6.00 25.81 3.40%
Crystal silicon concentrators 0.70 - - - 0.70 0.10%
Ribbon (silicon) 6.80 - - - 6.80  0.90%
Cadmium telluride indoor 0.00 0.006 - - - -
Cadmium telluride outdoor 3.00 - - - 3.00 0.40%
Copper indium diselenide 4.00 - - - 400 0.54%
Microcrystalline Si/single Si - 13.50 - - 13,50 1.82%
Si on low-cost substrate 0.00 - - - 0.00 0.00%
A-Si on Cz slice - 30.00 - - 30.00 4.00%
Total 103.02 363.91 193.35 83.80 744.08 99.89%
Total indoor use (8.0 A-Si + 1.5 CdTe) 9.60
Total terrestrial production 734.48
@ Matsushita dropped CdTe for calculators.

Source: Maycock (2004)

3. PV activities in the US

US cell/module production totalled 103 MW in 2008,14.6% decrease on the
previous year. There were several reasons for tihésdifficult year experienced by
AstroPower prior to its bankruptcy; reduced productby BP Solar in the US
following the expansion of its new plants in AsradeEurope; and changes in the US
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BP Solar plant (the former Solarex), including Erglices and a new anti-reflection

coating. Production by manufacturer is shown inl@ahll.

Table VIII. US PV cell/module production (MW)

Company 1996 1997 1998 1999 2000 2001 2002 2003
Shell Solar 17.00 22.00 20.00 22.20 28.00 39.00 46.50 52.p0
AstroPower 285 430 7.00 12.00 18.00 26.00 29.70 17.90
BP Solar 10.80 14.80 15.90 18.00 20.47 25.22 31.00 13.j2
USSC 060 1.70 220 3.00 3.00 3.80 4.00 7.00
RWE Schott (was ASE) 3.00 400 400 400 4.00 5.00 5.00 4.00
First Solar - - - - - - 1.00 3.00
Evergreen Solar - - - - - - 1.90 2.80
Global Solar - - - - - - - 2.00
Other (including SunPower,1.10 0.20 060 1.00 150 1.30 2.50 1.80
Ammonix, lowa Thin Film

Technologies)

Total 35.35 47.00 49.70 60.20 74.97 100.32 121.60 103.02

Source: PV News, Vol. 23 No 3, 2004

Progress in thin-film commercialization

The 30 MW roll-to-roll amorphous silicon plant ohlted Solar Systems Corporation
(USSC) produced 7 MW in 2003. The BP Solar amorplsilicon factory in Virginia
and cadmium telluride factory in California weresgd in late 2002. Shell Solar
(formerly Siemens Solar Industries) shipped nearW of CIS PV modules, while
First Solar shipped 3 MW of CdTe modules and annedrplans to produce 6 MW in
2004. Global Solar produced nearly 2 MW of CIS-tgekmodules. lowa Thin Film
Technologies produced about 100 kW for specials®dll power applications. One
major event in the US thin-film market was the joienture between USSC and Solar
Integrated Power, which introduced a new flexiblé lBofing material. Over 5 MW

of capacity is now installed on the roofs of comamrproperties in California.

Installations increased 42%

Despite reduced production, US installations (ofV¥0or more) increased by 42%
from 44.4 MW in 2002 to 63 MW in 2003 (see Tablg.IXlost of the growth was in
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the grid-connected sector, from 22 MW in 2002 tdVB& in 2003. Imported modules
doubled to 18 MW, the majority of these coming fr@apan.

Table IX. PV applications by market sector in the & (MW)

Application 1994 1995 1996 1997 1998 1999 2000 2001 2002 2009
Grid-connected distributed 12 15 20 20 22 37 55 120 220 330
Off-grid industriallcommercial 3.3 40 44 48 52 65 75 90 13.0 140
Off-grid consumer 30 35 40 42 45 55 60 70 84 990
Central station - - - - - - - - - 5.0
Consumer (< 40 W) 17 20 22 22 24 24 25 30 40 4.
Government projects 06 08 12 15 15 25 25 10 10 l.I
Total installed in US 9.8 11.8 13.8 14.7 158 20.6 24.0 32.0 484 ¢6}.0
Imports - - - - - 20 40 50 90 184
Exports 16.2 240 251 36.3 379 39.8 550 73.3 812 5§.0
Total produced 26.0 358 38.9 51.0 53.7 58.4 75.0 100.230.6 103.0

Source: PV Energy Systems

In California, the installation of PV systems ngaitbubled to 27 MW in 2003. The

increase was brought about by a number of prograame initiatives;

 The California PV programme involves several kewyplts and unique
assistance, with the state's PV ‘buy-down' programmsulting in the
installation of 12.3 MW of grid-connected residahtand commercial PV
systems.

« The Sacramento Municipal Utility District (SMUD) empleted phase two of
its PV Pioneer programme by offering subsidizeddy$stems to its customers
at reduced prices. SMUD installed about 400 kW \éfsstems in 2003; over
11 MW of capacity has been installed by SMUD in st ten years.

« The Los Angeles Department of Water and Power (LADWYV programme -
with subsidies as high as $5.50/W - resulted inN8V8 of newly installed PV
systems in 2003. Cumulative installations by LADV¢Rched 7.5 MW.

« The California Public Utilities' renewable portili standards (RPS)
programme with Pacific Gas & Electric, Southern ifdatia Edison, San
Diego Gas and Electric, and Southern California Gasinstalled 9.9 MW in
2003. Other Californian utilities and cities ingdl nearly 400 kW.
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The government sector

PV serves a broad array of applications in thigsoseand many applications are
considered to be 'emerging markets'. These indRMeliesel hybrid power stations
that can ultimately serve remote sites or providaedportable power for emergency
situations. The US Department of Defense fundsnsigllation of about 0.5 MW per
year and this has resulted in installed PV systetadling over 3 MW. These systems
are in applications ranging from remote sensortatge off-grid PV-diesel hybrid
systems where utility power is not available oriafgle. The Utility Photovoltaic
Group (UPVG) programme has also carried out thadsaof utility installations,
amounting to over 9 MW in five years. Several tlemg 'nearly economic’
applications have been installed. The US DepartroeBnhergy subsidized these early
applications with, on average, 25% of federal fumdts UPVG systems were installed
in 2003, although several of the utilities thatrgal PV experience have installed PV
under their state-mandated RPS programmes. Anoimgortant government
programme is 'PV for Schools' in which federal astdte programmes fund the
installation of small grid-connected systems inagds for education and emergency

power.

The on-grid distributed sector

Prior to 1999, this sector involved only a few lpadopters', amounting to less than 2
MW per year. In 2003, this sector had grown sigatfitly, and had 32 MW of new
installations. Growth was primarily in the on-grigsidential sector, and was
primarily the result of state tax credits. Califarted the way, with over 27 MW of
grid-connected systems installed in 2003.

Other important programmes included - but werelingted to - the 'PV for Schools'
programme, and state programmes for renewable ersagasides resulting from
restructuring.

Other forms of marketing incentives included stadddV systems for new homes,
offered through home-builders, by AstroPower, BRaSand Shell Solar, and

34



expanded in-store sales of packaged retrofit, goidected, AstroPower PV systems
through the Home Depot chain of do-it-yourself esor

Costs and prices

The installed cost of grid-connected PV systemseadesed slightly as cash subsidies,
especially in California, decreased from $4.50/\WCJjAnstalled to $3.50/W. In this
competitive environment, the installed prices dexgpdrom around $8.00-9.00/W
(AC) in 2002 to about $7.00/W in 2003 (see Table sme volume systems were
sold at low prices of $6.50/W,primarily to buildefidhese price reductions were made
possible by continued low factory module pricesvolume purchases (see Table Xl)
and reduced labour costs, owing to increased vohinestallations.

Table X. US trends in system prices for grid-conneed residential systems

Year 1992 1993 1994 1995 1996 1997 1998 1999 2000 22012 2003

Price (US$/W) 12.00 12.00 12.00 11.00- 10.00- 10.00- 10.00- 9.00- 8.00- 7.00- 6.50- 6.50-
12.00 12.00 12.00 11.00 11.00 10.00 9.00 9.00 8.00

Table XI. Typical prices for single and polycrystaline silicon modules in US

Year 1992 1993 1994 1995 1996 1997 1998 1999 2000 200Q2 22003
Price (US$/W) 4.25 425 400 3.75 4.00 4.15 4.00 350 3.75 3.5@5 33.00

4. PV activities in Japan

Sharp continued its explosion in production to ¥B& in 2003 (nearly twice the total

production of PV in the US), and announced plansnfodule assembly plants in
Mexico and the UK. Both Kyocera and Sanyo continiineir expansion, and said that
they planned to more than double their productiorthe next two years. Sanyo
continued to expand production of its very higheséihcy amorphous silicon on

crystal silicon heterojunction cell (the H cell). Shipments of HIT product topped
32 MW in 2003. The Japanese Government's goalashave production capacity of

over 500 MW, with a domestic market of 250 MW peayand annual exports of the
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same amount by 2005. An estimated near-200 MW a-gpnnected PV was
installed in 2003. Table XII gives full details.

Table XII. Japanese PV cell/module production (MW)

Company 1996 1997 1998 1999 2000 2001 2002 2001
Sanyo 460 470 630 13.00 17.00 19.00 35.00 35.0p
Kaneka 0.00 0.00 0.00 350 5.00 8.00 7.50 13.5(
Kyocera 9.10 1540 2450 30.30 42.00 54.00 60.00 72.0D
Mitsubishi Electric - - - - 12.00 14.00 24.00 42.00
Sharp 500 10.60 14.00 30.00 50.40 75.02 123.07 197p1
Hoxan 080 100 100 1.00 1.00 0.00 0.00 0.00
Canon 050 210 200 1.00 0.00 0.00 0.00 0.00
Matsushita 120 120 120 120 1.20 1.20 1.50 1.50
Mitsubishi HEL - - - - - - - 2.00

Total 21.20 35.00 49.00 80.00 128.60 171.22 251.07 363]91

The Japanese PV production industry aggressivelghgoexport sales during 2003,
with the establishment of marketing organizationthkin the US and in Germany.

Several government-assisted projects were initigteide developing world as well.

Residential PV dissemination programme exceedsgoal

Begun in 1994, the Japanese PV Systems Dissemmnatiogramme (commonly

called the '70,000 Roofs' programme) has now exaxkatl its goals. The programme
started with a 50% subsidy, that was decreaseénmantally, reaching about 10% in
the financial year 2003. Over 168,000 residengtateams were installed in the period
1994-2003, with a total capacity of over 620 MWe(Jable XIII).

The Japanese '70,000 Roofs' programme is now ctmpliés last year of subsidies
(see below). Over 25 000 applicants were approwtadiden April 2001 and March

2002, and 38 000 applicants were approved betweeih 2002 and March 2003. 52

863 applicants were approved in the financial y&203, leading to installations of
over 200 MW,
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Table Xlll. Summary of Japanese '70,000 Roofs' proggmme

Systems Financial year
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Number installed 539 1,0651,986 5,654 6,352 15,879 20,877 25,151 38,282 1B2[86

Cumulative 539 1,6043,590 9,244 15,5981,475 52,352 77,503 115,78%8,46¢
number installed

Capacity 1.86 3.9167.536 19.48624.12357.693 74.381 91.00 141.00 201.¢0
installed (MW)

Cumulative 1.86 5.77613.31232.79856.921114.614188.995279.995420.995621.994

capacity (MW)
Source: Osamu Ikki, PV Activities in Japailki@rts-pv.com). 1994-2001 data from the
New Energy Foundation

Some aggressive pricing is expected from Japanrderoto enter other growing
markets. Prices for residential grid-connected R¥%tesms installed in Japan have
dropped: while 1995 prices were nearly $11/W, ifegprices in 2003 were less than
$6/W.The next two years will, however, be pivoias, the explosive growth in the
Japanese home market could slow down just as netorigs come on-line.

Consequently, export markets would be necessawgép the industry healthy.

5. PV activities in Europe

European installations are estimated at 140 MWh witer 110 MW in Germany and
30 MW in the rest of Europe in 2003. Though Germaoyninates the European
market for installations, manufacturing is moreeuge, with Isofoton and BP Solar
manufacturing in Spain, and Photowatt in Franceirigu2003, PV cell and module
production increased by 43% to reach 193.35 MW0A3(see Table XIV). RWE

Schott and Isofoton rose to number one and twaunojge, respectively, with 38 MW
and 35.2 MW of production. Q-Cells shot into thpthce with 28 MW, and Shell

(Germany) moved into fourth with 25 MW. PhotowattdeBP Solar (Spain) grew to
20 MW and 16.45 MW, respectively.

Q-Cells

It is quite possible that in 2004, the leading posiin the European PV industry will
not be taken by one of the incumbents but by QsCENlCells, located in Thalheim
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(Sachsen-Anhalt in Eastern Germany), is an impbriawcomer on the PV scene. It
is an independent producer that concentrates ortdainologies in the photovoltaic
field. The initial market entry by Q-Cells was thgh a major investment in 2001: a
12 MWp facility for the production of high performee polycrystalline solar cells.
The capacity of the first line was successfullyr@ased to 24 MWp in mid 2002. The
second factory of Q-Cells began operating in 2@d8ng the company a total output
of 48 MWp and the commissioning of further prodactiines in 2004 is taking the
overall capacity to 100 MWp.

To illustrate the industrial dynamics that rule 8% sector, it worth stressing that the
first Q-Cells factory was built and commissioned thre record time of just six
months. Also the construction time for a secondtaird, considerably larger, factory
must be with 8 and 7 months close to a record.fattery has been designed with the
most modern and proven technology, it includesrabar of industry innovations and
is highly automated. The production technology asdadl on fully automated multi-
batch processes, in order to deliver maximum raiipland redundancy in the event
of single machine down-time. A key feature of Qi€gbroduction line is the quality
management, where some of the most modern tectmitase been incorporated to
ensure product and process integrity.

Cell efficiency is key: Q-Cells was one of the fiEsuropean industrial producers to
offer solar cells exceeding 15 % efficiencies gdustomers. Its best polycrystalline
cells exceed 16.4 %, and Q-Cells offers commepriadlucts with an efficiency up to
15.6 %. The mono-crystalline cells deliver effices up to 17.8 %. The need for
further increases is self evident for the compamy &ill be essential to generate price
and performance improvements. Technologically, tiedium term objective is to
improve cell efficiencies up to the current potehtof around 17 % for poly-
crystalline material and around 20 % for mono-@alste material. As a pioneer in
Europe, Q-Cells introduced the Q6 solar cell (GaHrormat/150 x 150 mm) in 2002,
which sets a new standard and leads to furtheriogsiovements. Q-Cells recently
presented its newest product innovation: the 8-inighh performance photovoltaic
cell made of multi-crystalline silicon. The perfante generated by this solar cell
with its edge length of 210 mm is 97 % higher thhat of the 6-inch cell — the
current standard product. Q-Cells already produtiesl cell with the highest
performance in Europe with its Q6. At a cell densit 330U the cell performance of
the 8-inch cell is at least 6.4 Wp. It will be lained in the first quarter 2005.
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The shares of Q-Cells are held by the managemem,t@ number of private

investors, a German bank and two internationalwentapital partners. Q-Cells has
completed two financing rounds: the initial finamgiof ca. 15 million Euro for the

first factory and a further 20 million Euro in acead round financing for the

expansion of Q-Cells 1 and Q-Cells 2. For its depeient in 2004 the company will

invest 20 million Euro. Q-Cells’ revenues increaf®edn 17.3 million Euro in 2002 to

100 million Euro in 2004. In November 2004, Q-Geldnnounced the further
expansion of its production capacity from hithel® MWp (megawatt peak) to in

total 320 MWop. This expansion will create more tH&® new jobs in Germany and
bring total employment by Q-Cells up to 450The preliminary work for the highly

modern production line started in the last quanfe2004. It is planned to put it into

operation by the 2nd quarter of 2005. As a reduhis expansion Q-Cells will be one
of the largest producers in the sector worldwideJ€ls, 2004).

Table XIV. European PV production (MW)

Company 1997 1998 1999 2000 2001 2002 2008
RWE Schott (Germany; was ASE) 200 3.00 7.00 10.00 16.00 24.50 38.0
Isofoton (Spain) 270 420 6.10 950 18.02 27.35 3520
Q-Cells (Germany) - - - - - 8.00 28.00
Shell (Germany) - - - 3.30 7.50 9.00 25.00
Photowatt (France) 5.70 12.00 10.00 14.00 14.00 17.00 20.go
BP Solar (Spain) 11.30 450 5.00 9.16 12.16 16.70 16.45
Ersol (Germany) - - - - - 9.00 9.00
Sunways (Germany) - - - - - 4.50 4.50
Eurosolare (ltaly) 250 3.20 150 230 4.00 3.00 3.50
Helios (ltaly) 140 150 130 150 220 3.00 3.50
Intersolar (UK) 1.20 130 200 250 3.00 2.30 2.50
RWE Phototronics (Germany) 0.00 0.00 2.00 2.00 2.00 2.00 2.00
Free Energy Europe (the Netherlands) 0.60 0.60 0.60 0.60 0.60 0.60 0.60
Konkar (Croatia) 0.80 080 080 0.80 0.60 060 0.60
Shell (the Netherlands) 2.00 2.00 200 220 280 0.00 0.00
Dunasolar (Hungary) - - 120 220 3.00 3.00 0.00
Other companies 0.20 040 050 0.60 050 450 450
Total 30.40 33.50 40.00 60.66 86.38 135.05 193.35
& Dunasolar moved to Thailand in 2003.

18 Total employment at RWE Schott is currently arou@d.6
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Photovoltech

Table XIV does not include information on Belgiarogucers. It appears however
that the young Belgian company Photovoltech willdmong the largest European
companies within 2 years. On December 16, 2004tdvbtiech’s Board of Directors
approved a decision to increase the photovoltalt greduction capacity of the
company’s plant in Tienen, Belgium, from 13 MWp dimse to 80 MWp a year.
When all permits are received, the new capacity lvéilcommissioned by end-2005,
with production gradually ramped up to full capgait 2006. The expansion project
will create close to 80 jobs. This growth will cotidate Photovoltech’s position as a
top-tier operator in the photovoltaic solar powstustry in the European Union. The
company will produce enough cells in a year to pguound 40 000 households, in
response to strong growth in demand in the EU, @albe Germany. Photovoltech
was created in December 2001 by Total (42.5%), tEebel (42.5%, including the
interest held by subsidiary Soltech) and Imec (13hptovoltech holds an exclusive
license to Imec technologies that offer significadvantages, notably in terms of cell
efficiency and appearance. The project reflects ¢thenmitment of Total and
Electrabel to this type of renewable energy, foicktthe outlook is very promising
(Photovoltech, 2004a). Total and Electrabel areaaly commercially active in the
field of solar energy through their respective stiasies Total Energie and Soltech.
Imec (Interuniversity MicroElectronics Center) iseoof the world’s leading research
institutes, with a proven reputation in solar egerdsing state-of-the-art high-tech
equipment, Photovoltech started production of raystalline silicon solar cells in
November 2003. As a spin-off of Imec, Photovoltdws a variety of innovative
technologies at its disposal. Its isotropic texation production process delivers
cells that combine an outstandingly uniform appeegawith high efficiencies (up to
16% and more). These cells are commercialized uhédorand name MAXIS.

The premium product in the MAXIS range is the MAXBE+ cell, a unique Back
Contact Cell which offers enhanced visual appeahbse there are no bus bars on the
front. The ‘metallization wrap through’ processoals the electrodes to be passed
through the cell. Besides the aesthetic advantagdule manufacturers are interested
in Back Contact Cells for two reasons: by bringthg external contacts to a single
surface, the cost of module assembly can be redar@dh addition, a higher packing

density (and therefore higher module efficiency) ba achieved.
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Photovoltech also manufactures and markets its medules. The module portfolio

with standard MAXIS cells goes up to 180 Wp with @@ls (encapsulated cell

efficiency 16%). Modules with MAXIS BC+ cells wilbe launched in 2005.

Photovoltech’s modules are suitable for all appidses: stand-alone installations and
grid-connected systems. For applications whereaviappeal is an important factor,
Photovoltech’s Back Contact modules offer an ercell solution (facades,

architectural projects, sunroofs,...). Due to theaned and increasing growth of the
photovoltaic market and strong demand for its patsluPhotovoltech aims to expand
its capacity considerably and to continue to grawhie coming years. Photovoltech
currently has a workforce of 52 people (Photovdiiet004b).

German PV programme reborn

It was the combination of two German support progres that stimulated the
tremendous growth in the German PV market - th® 'Q00 Dacher-Solarstrom-
Programm’, which provided loans at a very low ratanterest, and the guaranteed
rate (feed-in tariff) for all PV-generated powed fento the grid. The number of
German PV installations qualifying for the feedtamiff were estimated at nearly 120
MW in 2003, enabling Germany to exceed its goal360 MW installed. This
program was open for private persons, householdsamnall and medium businesses.
Up to 5kWp installed a loan of 6 230 Euro per kV4s been foreseen, with a limit on
the total loan set at 500 000 Euro (KfW, 2002).

Table XV. Feed-in tariffs under the revised Germarfeed-in law

Site of installation Tariff (Eurocents/kWh)
Undeveloped area 45.7
Roof (< 30 kW) 57.4
Roof (> 30 kW) 55.0
Facades (< 30 kW) 62.4
Facades (> 30 kW) 60.0

As the '100 000 Roofs' programme was coming torah ad 2003 was the last year
of both the low interest and the high price for Riectricity (about 45

Eurocents/kWh), the German programme was rebordamuary 2004, with a revised
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law. This law extends the buy-back rate to 45-620Eents/kWh, depending on the

type of installation. Table XV shows the new ratecture?

6. PV activities in the rest of the world

PV production in the rest of the world in 2003 e&sed by 52% to 83.8 MW (see
Table XVI).

Table XVI. ROW PV cell/module production 1995-2003MW)

Company 1995 1996 1997 1998 1999 2000 2001 2002 2003
CEL (India) 140 160 200 200 210 150 170 150 24O
Sinonar (Taiwan) - 250 250 260 200 3.00 300 3.00 3.0p
BHEL (India) 115 100 100 1.00 100 100 150 150 2(o
BEL (India) - - - - - - - 1.00 1.00
RES (India) 0.70 100 100 120 120 100 1.00 - -
Heliodinamica (Brazil) 0.40 0.10 000 0.00 0.00 0.00 0.00 000 04o
Reil (India) 0.70 0.70 - - - - - -

CHINA 150 150 150 160 200 250 3.00 8.00 94o
Webel (India) - 065 070 070 120 150 120 3.00 4.5p
Udhaya (India) - 050 050 050 050 050 050 095 0.9
BP Solar (India) - - - 3.80 400 646 806 1310 1411
BP Solar (Australia) - - - 510 550 576 696 840 26.34
BP Solar (Hong Kong) - - - - - - 1.30 3.30 0.0

BP Solar (Malaysia) - - - - - - 0.70 130 0.0
Motech (Taiwan) - - - - - - 3.50 8.00 17.0d
Mabharishi - - - - - - - - 3.00
Other? 050 0.20 020 0.20 0.20 0.20 0.20 2.00 14O
Total ROW production 6.35 9.75 9.40 18.70 20.50 23.42 32.62 55.05 83.80
#Includes Microsol and Harbin Chronar.

Source: PV News, Vol. 23 No. 3, 2004

Taiwan's Motech reported over 100% growth to 17 MWdtech's solar cell factory is
located in the Tainan Science-Based Industrial Rddtech (founded in 1997) began
mass production of crystalline silicon solar ceits November 2000. Annual
production was 3.5 MWp in 2001 and 8.0 MWp in 200he projected total
production in 2003 is 18 MWp. Planned further exgans will bring Motech's solar
cell production capacity to 50 MWp by the end 0020This projection indicates the
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increasing competition that European and other m@gyers will face in the coming
years. Interestingly, the CEO of Motech's Solarckleity Division, Dr. Simon Tsuo
worked in the past at the U.S. Department of Ersrij\ational Renewable Energy
Laboratory in Golden (Colorado). Motech began pobidm of single-crystal solar
cells in addition to Multi-Crystal Solar Cells. Theerage efficiency of Multi-Crystal
Solar Cells reached 14.7% and Single-Crystal Cedshed 15.5% (Motech, 2004).
China's production is estimated at 9 MW (althougitanfirmed reports put this
figure at 10 MW). Much of the growth in ROW prodiact was the result of increases
by BP Solar in India (14.11 MW) and Australia (26 KAW).

7. Conclusions

The global PV is strongly growing and the most im@ot Japanese and European
companies have ambitious expansion plans. Furthereases of cumulative
production will lower future prices and this prosesan have problematic
consequences for the least efficient producers.atkat shake-out in 2005 or 2006
would be no surprise.

In their expansion plans, most companies refethto German market. This again
illustrates the fragility of the current PV mark€&€he reverse image of this situation of
dependence is that the European PV market woully regolode when a few other
countries would follow Germany’s example. In Jaenwell as Europe, there are
currently no problems in doubling or even triplily/ production capacity. The
Belgian case of Photovoltech illustrates that Belgengineers and technicians have
the skills to play a significant role in the glolahrket. Q-Cells managed to build new
plants in 6 to 8 months. PV installations have ddeantage of offering flexibility to
its buyers but apparently the same flexibilityasrid with respect to constructing new
PV plants. These are all indicators that policymakeally can move this industry
with targeted incentives. Europe has the techrs&dls, abilities and networks to
dominate the PV market in the coming decade. Big wWill only happen when

national programmes are launched to create theatsark
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C. Policy design and argumentation

In this part, the essential steps in the pro-P\icgairocess of Germany are briefly
discussed. We have to conclude that technologrogjrpss is only one side of the
story: institutional change is at the heart of ploécy process. In the next section, a
strategy to develop new climate friendly technadésgsuch as PV is positioned in the
current emphasis on cost-effective and short-téwwh air’ mitigation options in
climate policy. PV clearly plays a role in long+teclimate policy but we should be
aware that current institutions and ‘soft’ instrurtgesuch as low energy taxes will
never trigger massive PV investments. On the conttiae further and expanded use
of current climate policy instruments — environnataxes as well as emissions
trading and green certificates- even risk to défraestment funds from radically
new renewable technologies to the most mature rablevtechnologies such as wind
energy.

We conclude with an overview of possible policyiops to accelerate the diffusion
of residential PV. Most countries will favour a nuxe of instruments and strategies
but our analysis suggests that especially techrégpllation in the form of building
standards can yield most advantages at a verydgtwv €Compared to annual price
increases in the residential sector, mandatorysinvents in PV-systems only
marginally impacts the price of apartments in P\dtpped buildings. An essential
advantage of technical regulation is the enforaagetbpment of national PV-

institutions among all involved stakeholders.

1. Industrial take-off: the case of Germany

Jacobsson and Lauber (2005) argue that policymakimgt a ‘rational’ process but
rather one that appears to be based on visions/anés, the relative strengths of
various pressure groups and on deeper historichtattural influences. In countries
like Germany, Denmark and Japan, policymakers éectd pursue comprehensive
strategies to develop renewable energy technologiesomplex and unpredictable
political process preceded this pro-renewable ositin most other developed
countries, mainly good intentions have been fortealaso far.

The case of Germany is revealing from many respédter extensive periods of
experimentation with wind and solar technologié® $tock of installed capacity in
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Germany started to grow strongly between 1995 & 2This development can be

the first phase of an industrial life cycle; th&daff of the long-term diffusion of

renewable technologies. There exists a broad tfitexaon these initial phases which

are characterized by an extremely high degree akehaincertainty (in terms of

competing designs, new entrants, regulatory changie3. Jacobsson and Lauber

(2005) distinguish four key conditions for thisrimative stage to emerge:

1.

Institutional change is at the heart of the pro¢esseman and Louca, 2002). This
is of course a broad policy field, ranging fromestific to educational policies. It
implies that prior investments in knowledge forroatitake place before market
opportunities are created. Only countries with vale technological traditions
will be able to exploit new global market opporties for new renewable
technologies. Given the recent creation of new @@fons in the PV industry,
the latter condition is certainly fulfilled in Beign. This is however not a reason
to restrain further basic R&D investments in newasadtechnologies. The
institutional infrastructure is of course much hiea and includes economic
regulation, tax policy and industrial policy. Neiunis need to find support in the
existing institutional infrastructure, otherwisesithgrowth opportunities will be
obstructed. Van de Ven and Garud (1989) were ftisé th claim that firms not
only compete on the markets for goods and servimgsalso to gain influence
over the institutional framework. In terms of PVvdlpment, an institutional
framework that clearly supports a transition tovgardore sustainable energy
technologies is an essential precondition. Supfmrtnew industries therefore
should be as transparent as possible and basedlargderm perspective (10
years and more). In addition, crucial aspects sischccess to the grid and feed-in
tariffs for PV electricity producers should be guateed and communicated in a
way that reduces uncertainty. Annual regulatorynges create unnecessary levels
of uncertainty.

Initial markets will not emerge themselves but néedbe created for a new
technology. In the formative phase, niche marke¢seasential to demonstrate the
viability of the technology and to help buildingcanstituency behind a new
technology. Technical regulation provides the esisand most direct way to
create new markets. New regulation can impose Pduhes on the roof of new

commercial and residential buildings with a totabrket value exceeding a
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3.

specific threshold. This type of regulation will bether elaborated in the next
sections. Indirect market creation can result froaking other alternatives more
expensive. When fossil-based electricity is higtayed, the relative position of
renewable energy is improved. But given the wealspects for higher energy
taxes in the near future, technical regulation &hbe considered as first option.
This is especially relevant for Belgium where @itPV-markets are modest and
uncertain.

A new technology will only become successful whensibacked by a broad
constituency. Institutional back-up for the newhtealogy can be provided by
other businesses — also from other industries- arghnisations such as
universities, NGO'’s, labour unions, pressure growpgers and journalists. Only
a respected PV coalition can engage in wider palitidebates and secure
institutional alignment. Jacobsson and Lauber (2@0§ue that the development
of joint visions of the role of that particular temlogy is a key feature of that
process. From this respect, the future of PV irgBeh will only be secured once
policymakers set clear targets for the diffusiord dature role of PV. Private
investment plans are preferably based on cleart deast quantifiable market
prospects.

New firms should enter the new industry in ordersteengthen the political
coalition of a specific technology. The more peagépend on a new industry (as
supplier or employee), the less easy it is forqyohiakers to neglect the industry
or to disadvantage the industry with regulatorynges. It is simply unthinkable
that Denmark, Germany or Spain would ever take goreasthat seriously
endanger the viability of their own wind energy ustties®. In those three
countries, investment companies and banks are awér¢he power and
significance of the wind industry and this will pgely influence their decision
to provide capital to new initiatives. And accesscapital is essential for new
companies. From the other conditions, we know rleat firms will only enter the

market when an initial market exists and has ajresadne institutional back-up.

19 As no market can be sheltered from internal anereal market dynamics, producers in these
countries can also be confronted with drastic ratpuy changes. Long-term survival depends on
adaptation to new circumstances, even in countittsa clear pro-renewable strategy.
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A take-off of PV into a rapid growth phase may acevhen investments have
generated a large enough and complete enough syktgntan develop in a self-
sustaining way. Once started, a chain reactiorositive feedback loops can set into

motion a process of cumulative causation.

The case of Germany

Until the end of the 1980s and in fact beyond, waatde energy faced in Germany a
political-economic electricity supply structure theas largely hostile (Jacobsson and
Lauder, 2005). Large utilities relying on coal andclear energy dominated the
market and were strongly opposed to all small aeckedtralized production. R&D
funding for nuclear power and coal dwarfed thatesfewable energy technology. In
1982, total energy R&D in Germany totalled overilildn Euro, of which 0.0025%
went to wind and PV R&D. Part of the latter fund reveeven devoted to
demonstration projects that were set up to provelwenergy was not viable. Is it then
surprising that technological evolutions in renelsadnergy technologies were rather
modest? The Chernobyl accident came at a time wbegaral politicians started to
ask questions with the pro-nuclear policy of ‘genttpression’ that has been pursued
so far. Chernobyl meant the end of German nucl&dd Rnd gave a boost to pro-
renewable pressure groups. Opposition against m@newenergy inside ministries
however was very tough. The Ministry of Economidaifs which supported in the
past huge subsidies for coal and nuclear energy,rasisted all demands for market
formation with the remarkable credo that new enetgghnologies had to prove
themselves in the market without subsidies.

Around 1990, around 1.5 MWp solar capacity wasailed in Germany (mostly
under the solar demonstration project that stamedestly in 1986). Although the
installed capacity was modest, four firms entefieel market (among which AEG,
MBB and Siemens) and a range of organisationsestad defend the case of solar
energy. Next to business associations like the @er8olar Energy Industries
Association, Greenpeace and more importantlyQke-Institutbecame very active.
The Oko-Institut even delivered regulatory proposals that werer latere or less
adapted into the renewable energy policy laws. Tgiswing and efficient
constituency, together with the rise of the Grearty? made it impossible for German

policymakers not to support renewable energy iretiity 1990s. The concept of ‘cost
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covering payment’ has been forwarded by the caresiity in 1986 and 1989 and was
later applied in various Feed-in Laws at federal &cal levels. Interestingly, the
Feed-in Laws of 1987, 1988, 1998 and 1990 werereBveounteracted by the
Ministry of Economic Affairs but these efforts fail. The Feed-in Law required
utilities to connect generators of electricity fraenewable energy technologies and
buy the electricity at a rate which for wind and Bmounted to 90% of the average
tariff for final customers. In addition, large demnstration cum market formation
programmes initially guaranteed a payment of 4 Eemts per kWh renewable
electricity produced. As already discussed, a ld@monstration programme for PV
was the 1 000 roofs programme.

From the beginning and especially with the takeaffthe wind turbine industry in
Germany, the big utilities started to attack thed-an Laws both politically and in the
courts. Even a complaint with DG Competition wadded, invoking violation of
state-aid rules. The German Ministry of Economi&#sé than proposed to reduce the
feed-in rates with the reduction of the productamst from renewable technologies
and later DG Competition followed this argumente3é political debates however
impacted investors’ confidence and this explains $sitagnation of the renewable
energy market in Germany between 1996 and 1998997, the Feed-in Laws were
incorporated into the Act on the Reform of the ye$ector. Feed-in rates were not
reduced dramatically. The proposals to do so leshdssive demonstrations bringing
together metalworkers, farmer groups, church graumasenvironmental associations.
After this removal of uncertainty, larger firms ergd the wind turbine industry. For
PV, the 1 000 roofs programme was successful buidaoot justify investments in
new production facilities. The proposal for a 1@ Goofs programme by Eurosolar
in 1993 was not supported by the government coalist that time. The German PV
industry has been saved by the municipal utilitiescal pro-solar activists petitioned
local governments to enter into cost-covering @it for PV electricity. After much
effort, mostLanderallowed these contracts, especially since PV ebd#gt remained

a marginal business at that time. This process\@vk as the Aachen model. In a
later phase, some states decided to subsidize sellsr for special purposes, e.g.
schools. Of equal importance were the efforts bgeBpeace Germany to collect
several thousand orders for solar rooftops. Allséheefforts guaranteed that the

German PV industry did not disappear at the entlefL 000 roofs program.
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The growth of German PV producers — Siemens alretadjed production in the US -
made the public aware of the threat of ASE to ée®ermany when no local PV
market was ensured. After dialogue with policymakeXSE decided to expand in
Germany and this example was followed by Shell988L

In January 1999, a 100 000 roofs programme with ilnerest loans for about 350
MW was started. For the sake of speed, the progeitook the form of a decree by
the Ministry of Economic Affairs and only after atig protests by parliamentary
groups, this ministry withdrew its bureaucratic talo$es. This programme was
initially not a big success since everyone was ingifor a revision of the Feed-in
Law with the Renewable Energy Sources Act. This aetwefers to the polluter pays
principle and in the memorandum we find tHebnventional energy sources still
benefit from substantial government subsidies whkesdp the prices artificially low”.
Under the new law, the rates of the tariff scheneeewguaranteed to investors for 20
years. Preferential rates were guaranteed untpexific cumulative capacity was
reached. These ceilings needed to be raised in d062o the large expansion of
renewable energy in Germany.

In 2002, the Green Party could secure the trarsfféhe competency of renewable
energy from the Ministry of Economic Affairs to tiMinistry of the Environment.
But around that time, a new enemy emerged withctied and nuclear interests that
for the first time feared that the success of raai#e/ energy could eventually lead to
the displacement of nuclear and coal plants, ealiat a time with no expected
growth of electricity demand. So far the renewabbtiustry proves strong enough to
cope with the protectionist challenges for the fuallear coalition. This is clear

illustration of the significance of a broad constitcy.

In 2002, the German government announced that B0 2@newable energy
(including imports) is envisioned to contribute ab®0% of total electricity demand
(Bundesregierung, 2002). In this scenario, elatgritom renewable energy sources
is expected to require regulatory support until lub@020-2030. After 2030,

renewable energy is expected to outperform conveatienergy.
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2. PV and the near-term versus long-term stratieaiz-off

We already referred to the avoidance of exterrfelces as a major advantage of PV.
The potential of photovoltaics extends beyond timther diversification of energy
technologies. In addition, PV can play an importate in the long-term development
of climate policy. Due to the complex nature ofnwite policy, it is useful to
distinguish between strategies and options fostiwet, medium and long term.

In principle, there are three climate policy stgis;

1. adapt to future climate policy changes;
2. reduce greenhouse gas emissions in the near fupite 2020);

3. reduce greenhouse gas emissions in the far awansef(gtarting in 2030 or 2040).

Option 1 is not acceptable for developed countoesause they created — although
not intentionally- the climate problem and have tbehnologies and resources to
transform energy structures. Conclusively, devedopeuntries should act according
to their responsibility and show international leestip. Option 3 is rarely considered
as a separate policy option although this goal@lksly is in line with Article 2 of the
UNFCCC®. Carbon cycle models project that the avoidanceofigh atmospheric
concentration levels of CQe.qg. at a level of 460 ppm, allow a further irge of
global emissions up to 2025. Between 2025 and 285@gnificant reduction effort is
necessary (Fetter, 1999). A similar conclusioroignulated in a recent policy advise
by the Belgian Federal Council for Sustainable Dgy@ent (Federale Raad voor
Duurzame Ontwikkeling). So far, the internationafrenunity selected option 2 with
a strong emphasis on reducing greenhouse gas ensdsy the year 2012. With the
entering into force of the Kyoto Protocol in Febmu&005, especially European
countries have no time to waste and are (despgratkbcating resources to buy hot
air from Russia. Economists claim that buying hopeovides the most cost-effective
option for meeting the Kyoto target by those coiestthat negotiated a very bad deal
at the 1998 Burden Sharing Agreement (amongst Belgium and the Netherlands).
This is however a very short-sighted view on a vagnplex problem. The focus on

2 The goal of the UNFCCC is the stabilisation of giemuse gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenérfierence with the climate system (UNFCCC,
1992).
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hot air takes away resources that could otherwigee hbeen invested in new
technologies and processes to lower energy useemnigouse gas emissions. The
problem with hot air is that its existence providesargument for many policymakers
to do nothing and just send the cheque to Moscawwvat after 2012, especially in
a country that wants to phase out nuclear energy?

In the negotiations for the post-Kyoto Protd¢oRussia will not obtain a similarly
generous deal. The only outcome of post-Kyoto riatiobs is that real reductions of
greenhouse gas emissions cannot be further postpdihnere are two strategies to
reduce emissions. Firstly, technological strateg@sed on government-funded basic
R&D can aim at developing low-carbon technologidsaaceptable costs, and
secondly technical standards and price instrumeamstarget current energy use and
hence create a shift towards more sustainable oémfies. The latter option is
probably more an hypothesis than an effective apfiarst of all, technical standards
are the result of negotiations between industried policymakers. There is a
powerful constituency defending the current carlbock-in what renders it very
unlikely that drastic technological standards wveller be implemented. The same
constituency succeeds in preventing the instalatibdrastic energy taxes or other
charges that will change behaviour. Policymakeas fee economic consequences of
measures that really reduce energy demand. Therefigr risk to end up with soft
price instruments like low — if noticeable at alarbon taxes and technical standards
that pose no challenge at all. Both provide onlakviemcentives to develop innovative
technologies. Too low price incentives will not deéo typical cost-effectiveness
benefits that are associated with economic instriusné®r environmental policy. In
this context, the only remaining alternative is thevelopment of new low-carbon
technologies such as PV. However, the current pdtamework is focusing on the
cost-effectiveness of short-term mitigation optighile long-term solutions — not to
mention the essential radical transformation ofrgnaystems- is hardly considered.
The same conclusion is reached by Sanden and 2@86) in a forthcoming paper ;
"There is a risk that society in its quest for cefftciency in meeting near-term
emissions targets, becomes blindfolded when it sotoethe more difficult, but
equally important issue of bringing more advanasthhologies to the shélf

% These negotiations are planned to start in 2008 fif$t exchange of information and preparation
took place during the recent COP in Buenos Airescénber 2004).
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This observation does not imply that price instrateehave no role to play in the
future development of climate policy. Especiallyosg price incentives are essential
to control energy demand. Sanden and Azar (2008h ewgue that the absence of
mature carbon neutral technologies follows from #iesence of strong industrial
actors in favour of a carbon tax. With respecth® tnarket attractiveness of PV, the
current climate policy taxes do not close the qurpice gap as presented in Part 1.
Higher energy or Ctaxes — e.g. a tax rate of 70 US$/ton carbon —ldvmake
wind, biomass, natural gas and possibly light waeactors (LWRs) competitive
(Sanden and Azar, forthcoming). This high tax wowldwever not make PV
competitive. To make PV competitive on most grigwoected markets within one
year, a extremely high carbon tax of around 1000k @8r ton carbon would be
needef. Conclusively, price instruments can create atitre. markets for the most
mature set of renewable technologies like wind gnerhis new market situation can
redirect renewable investments funds from seci@es PV towards additional wind
capacity. Conclusively, the gradual increase ofgincentives will not promote the
diffusion of radically new low-carbon technologi@®V, fuel cells) and energy vectors
(hydrogen). For these reasons, other policiesateatomplimentary to economy wide
price incentives are crucial. We should also berawhat the technologies that are
now considered as competitive all have a historgnagsive (and eventually) ongoing
subsidisation. Historical fossil fuel and nucleachnology subsidies are extremely
high but we should also not forget that gas turbibenefited from spill-over effects
from military R&D of jet engines since World Wardhd onwards.

In this context, Sanden and Azar (2005) stresstig®ing reductions in energy R&D.
This reduction is mainly due to the dismantlingnofclear and coal research while
funds for renewable R&D remain at a very low levalthe US public energy R&D
peaked in 1979 at 7.5 billion USD (1995) and is rdoawn at 2.3 billion USD. With
lower investments in technology development, thespects for radical new
technologies are limited. In addition to R&D podisi market creation can be of equal
importance for the further development of PV. Bstrategies have (dis)advantages
but the current focus on short-term cost-effectivéigation does not provide at all
incentives for the take-off of PV. We can only clude that pro-PV policies are

22 Even this extremely high tax level would not guéearthe commercial success of PV. Other low-
carbon technologies less expensive than PV but mgrensive than wind energy will benefit more
from this tax regime than PV.
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essential for the long-term effectiveness of clenalicy. The further growth of wind

energy will not be sufficient to lower greenhouses gemissions without significant
reductions of energy demand. Other low- or no-cardreergy technologies are simply
indispensable for the future. Not investing in A%ks to increase the cost of future

climate policy reduction targets.

3. Accelerating residential PV expansion; an owamwof policy options

With energy prices not reflecting historical sulssdand external costs, the price
disadvantage for PV installations will remain pesbbtic. This section presents
several policy options for the needed near-term éX@gansion. In this section we
focus on PV systems for new constructions. Altholyh systems can be either
incorporated into new homes or retrofitted ontosesg homes, retrofitting makes it
very difficult to realise the scale economies ta available to homebuilders. These

are the most important advantages for new homedmsild

* low equipment prices can be negotiated by purchdsitarge quantities;

» stable relations can be developed with architeelsctricians and roofers to
optimize the design and installation of standardr®dfing packages;

* new houses can be sited and designed to ensure sgdad access and easy
installation;

* interconnection costs can be mitigated by devetppeiationships and standard
costs with utilities and regulators;

* PV can be incorporated as a standard option in etiack materials for new homes

(Duke, et al,, forthcoming).
1. tax deductions/subsidies for PV installations amkanortgage interest deduction
Tax and mortgage deductions as well as direct didssare widely used instruments
to promote the expansion of PV (in Europe, Japahtae US). Obviously, direct

subsidies bring the highest costs for governmendgbts. Tax and mortgage

deductions are mostly limited and can be spread towee. The problem with these
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options remains that profitable PV investments meger guaranteéd Only very
motivated house-owners with enough additional resesuwill invest in PV. In those
countries with successful PV programs such as Ggrnaad Japan, other support
mechanisms like local subsidies and /or preferketaiédfs were very helpful to ensure
PV take-off. The most important instrument to suppV is the use of net-metering
or the ability to sell PV-produced electricity teetnet.

2. net metering or feed-in laws

With net metering, the house-owner can run the medekward when PV system
output exceeds the electricity needs of the bugdiwhen PV electricity is valued at
retail electricity prices, the installation is geaing at return during the operational
lifetime. But given the underpriced retail eleatgiqrices, especially PV net metering
at prices that significantly exceed retail priceas provide an enormous boost to the
PV market. Dukeet al (forthcoming) calculate that a 4 kWp system prau5500
kWh/yr — for typical US insolation (1 800 kWhym) and a 77% system efficiency-
what is about half of average annual electricitpstonption of US households. In
Belgium with a lower insolation but also with a rhdower average annual electricity
consumption by households, a smaller 3 kWp caninciple produce more than half
of annual consumption. From this setting, attractiet metering prices can provide a
strong incentive to opt for PV installations witlglher capacity than strictly needed.
Furthermore, the ability to sell PV electricity tgs many advantages. PV added to
the grid can displace the most costly alternatiegvgr sources on the electricity
supply system. Because of the strong correlatidwden peak PV output and the
hourly demand for electriciff, PV can in the long-run avoid the constructiomeiv
central-station peaking power plants.

The instrument of net metering is generally regdrde a temporary instrument in
order to help launching the PV market. The sud@sensal of net metering / feed-in
policies or the risk for a sudden reversal willue€ investors confidence. To lower

this risk, house-owners will invest in smaller Phstallations. Therefore, all the

2 Only subsidies up to 75% of the investment coatsguarantee profitable PV investments for the
house-owner.

24 During the working week many houses with PV ifatains are empty between 8 AM and 6 PM,
what allows the selling of PV generated electriaityhat time. In the weekends, commercial building
and most public building are also empty, allowihg production of PV electricity for the grid.
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characteristics of net metering policies shoulcc@efully communicated to possible

investors:

* how long will the support measure exist?
* who can sell PV electricity to the grid?
* isthere a cost to establish access to the grid?

» what is the price or the foreseen price evolutmmHAV electricity sold?

It is normal that over time the favourable pricesdelling PV electricity will fall. The
take-off of the global market will create signifitareductions of the cost of PV
installations and hence partly close the price gdps evolution is on itself not a
reason the gradually phase-out net metering ingestsince the avoided external
effects will be more important with supportive PVlipies. Given the expected
lifetime of a PV installation, a projection of tfeed-in price for 20 years is essential
to gain investors confidence.

The calculation of the precise net metering or feethriff is very specific for each
country and depends on existing electricity prigasgrage insolation and the use of
other policy instruments to support PV. Quite olongly, the use of attractive net
metering —without other supportive measures- is ldast expensive strategy for
policymakers. Established electricity companied piesent their objections but one
can be sure that they prefer high feed-in taritieve realistic externality taxes on
electricity. High energy or electricity taxes risk reduce aggregated electricity
demand — and hence the market value of electrictyipanies- while the feed-in of
PV electricity will have a hardly noticeable impawt the profitability of electricity

companies.

3. building standards

Technical regulation provides another inexpensptoa to launch the PV market. In
Belgium, as well as in most other countries, propprices for houses and especially
apartments strongly increased during the last deca@ver the last three years, the
average price increase was 8% per year. Real estaies in and near Brussels
skyrocketed. Further price increases are projecétpugh not for all real estate
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categories. Policymakers should make use of thimdcive evolution to launch
residential PV installations. Direct results can digained by the use of technical
standards.

Let's assume for the sake of illustration that puilakers enact a new building
standard for new buildings- residential as wellcaenmercial- with an estimated
market value of more than 500 000 Euro and impasetliese buildings a PV
installation of at least 1 kWp per 150 000 Euroesfpected total market value.
Depending on the roof surface, an upper limit ostatbed PV capacity should be
establishe®. We then assume that the market value of a plaboéding with 15
small apartments in a geographical area with redbtimodest prices is around 700
000 Euro. Starting from a production cost price30d Euro per Wp, a 4 kWp
installation for this building will cost around D90 Euro. This is a high price, net of
subsidies or favourable feed-in tariffs. This antosimould however be balanced to
the total market value of the building. When thetsmf the PV installation are fully
transmitted to the buyers of the apartments, tiwe wf the average apartment will
increase from 46 666 Euro to 47 599 Euro. This [siee increase of 2%. When the
same building would however be located along thastdine or in the heart of
Brussels, the market value of the new building wWdoé much higher. Assuming a
market value of 2 100 000 Euro, an installationirofprinciple 14 kWp will be
installed. The cost of this installation will be 800 Euros. When this additional cost
is for 100% passed to the buyers of the apartmémesaverage price will increase
from 140 000 to 149 800 Euro. The technical stashdgmerates a price increase of
1% for each individual buyer of an apartment inlnéding. The two examples show
that the price increase from the imposition of Métallations is marginal when
compared to the annual real estate prices incre@ibesapartment prices in the latter
example are not at all exceptional. Currently, rsartments with a surface of 100
m? are sold along the coast line for prices up to @30 Euro and more (depending on
location, etc). For commercial buildings with evdgher prices, the consequences of

the mandatory standard are very similar.

New regulatory initiatives like the proposed builgli standard should consider

existing practices and requirements. Project deesto should still be free to select

% An alternative is not to establish this upper fimit to force architects to integrate PV modutes i
the facade of the building.

56



other technological options to reduce energy uskegaeenhouse gas emissions. When
the energy efficiency performance of a new projedutstanding —measured against
a quantified benchmark- one can argue that thegyafdin to install PV modules will
trigger excessive financial, administrative andamigational burdens. However, when
the new project hardly meets minimal requirementserms of energy efficiency
performance, the obligation to install PV modulal provide a strong incentive for
the project developer to consider several optioneetluce net-energy needs. When
other options make it possible to reach an outstgnénergy efficiency performance,
the project developer should be free to select wanwvants. When nothing happens,
the obligation to invest in PV should be enforced.

In addition to the advantage of direct market ¢ogatwe can provide three additional
arguments for the imposition of this mandatory R¥étallation standard for new
buildings:

1. The mandatory standard forces all involved partiesproject developers,
architects, electricians, roofers, sales peopte;-db establish more or less stable
relations to lower the time cost of integrating Ptallations in the total project.
In the literature on technological take-off, thierrhation of institutions is
essential. The standard simply makes it imposdimearchitects to neglect the
integration of PV installations.

2. Project developers rarely become owners of them pvojects and many house-
owner did buy a house that was build by others. VA iRstallation has an
investment cost next to an operational cost. Withaetive feed-in tariffs, there
are even operational benefits. Project developemstwo sell their buildings at
attractive prices and will therefore not consider integration of PV installations
if their competitors don’t follow (although thereeaexceptions, especially with
very expensive projects). The mandatory standasiiels levels the playing field.
Without the mandatory standard, the individual bugean apartment does not
have the ability to demand for a PV installatiorhisT request would strongly
increase total project costs as well as the tatat of the apartment (when this
individual will have to pay for the complete indtdilon). A negative consequence

of the mandatory standard is of course the remtniaif choice for future project
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developers. However, when project developers feregber sustainable energy
systems, the obligation to install a PV systemlmamithdrawn.

3. In the initial phase of implementation, this mamagatstandard will confront
project developers with several logistic and pradtproblems. This will imply
frequent interactions with PV suppliers. Therefore can assume that this
standard will provide a boost to especially Belgiw firms since these are best
aware of local construction practices and are bmsited to provide flexible
solution to urgent construction problems. Since petition policy makes it
impossible to require that local project developbrtsy modules from local
producers such as Photovoltech, the advantagecal kmowledge and flexibility
should be considered as one of the few alternatoseapport local suppliers.

4. The building standard shifts the financial burdéra pro-PV technology policy
to investors in new real estate projects. From @as@olicy perspective, this
group clearly has the ability to carry the finah@ansequences of the technology
policy. Other policy alternatives such as subsidies financed by general tax

revenues and hence have a indirect impact on loannie groups.

Only a few Belgian project developers already iraég PV installations in their
recent constructions. In its ‘Commodore’ project@ostende, Groep Versluys did
foresee solar electricity for the common areas sashthe entrance hall. The
Commodore building is located at the Albert | Proae next to the beach and the
price for each apartment probably exceeds 350 @®0.&Vith nine floors and around
8 apartments per floor, the total value is thiddng is that high that the additional
PV investment cost is simply negligible. In its paity, Groep Versluys explicitly
mentions the benefits — here low fixed costs fa ¢bmmon areas in the building-
from the PV installation for the buyers of the apants. This illustration shows that
at least some Belgian project developers are awfaitee benefits of PV and are able
to sell it to (rich) clients that probably valueetlpositive characteristics of solar
technologies.

The mandatory standard can create a very promisiigl market. The potential
impact of the standard is high. Once 500 projedwtailed each 10 kWp, a generating
capacity of 5SMWp is created. If we optimisticallgsame that each year 500 projects

will be completed, after 10 years a minimal BelglW-capacity of 50 MWp is
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realized. As a matter of comparison, the largesopgean PV company — Shell Solar-
produced in 2003 modules with total capacity oNba/.

Furthermore, we need to stress that this type ainieal standards has no cost for
government budgets. To the contrary, the measuleenerate incomes. The simple
announcement of the measure can lead to a modbficat existing investment plans.

Current expansions by firms like Q-Cells and Pholi®ch suggest that an output
increase by 1.5 MW creates one full-time highlylekii job. In addition, new jobs are

created for roofers, electricians and other invdlmarties on the field. Of equal

importance, these jobs will not replace existingsjo

Finally, a more symbolic advantage of the measuwaladvconsists of the additional

exposure to Belgian ambitions to contribute to dhedual transition to a low-carbon

economy.
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D. Conclusions

The PV installations that currently dominate therkaa still face a significant cost
disadvantage between 10 and 15 cents per kWh ielgctproduced. This cost
disadvantage can be explained by historical ewwtstiand should not be confused
with technological inferiority of PV modules. Thareent electricity price from fossil-
based power plants and nuclear plants excludesmengr historical and ongoing
subsidies that made these technologies competéas/gell as the important social or
external costs from fossil-based electricity prdaut When social costs are added to
private production costs, the cost disadvantage\ofis reduced but not eliminated.
With the most modern types of fossil-based powantsl, the remaining external costs
— other than external costs from greenhouse gases<€latively low. Even a perfect
and complete internalisation of external costs mat make current PV technologies
competitive. This is however a static view on aalewng technology.

The global PV market grows by some 30% each yedttda evolution will generate
important cost reductions in the future. Sande®@42@alculated that PV can become
competitive to fossil-based electricity after sogeyears of further strong growth.
There are however no guarantees that the progaBies or learning ratios will remain
identical over the coming decades. Green (2003kegmted evidence of strong
reductions in learning effects for gas and windbitnes. When the same phenomenon
takes place for PV, competitiveness will be furthestponed.

Cost competitiveness is however but one factorgoraplex analysis that is currently
dominated by engineering-economic considerations. fQture energy systems need
to adapt to new market realities. Reserves of lffissis are limited and price increase
are inevitable. Sudden price shocks have significaacro-economic impacts with
cost consequences that are measured as a percehntmgé World GDP instead of
additional cents per kWh electricity produced. ®ig& energy dependence is another
aspect of future energy systems. All developed t@ms need to reduce their
dependence on fossil fuels imported from a limised of countries and renewable
energy can contribute to this goal. Renewable gné&romes an instrument to
reduce energy system risks. Several European goesnts formulated ambitious
targets for the share of renewable energy in &nakgy use by the year 2050 and we
expect that more countries will follow this examp@ur portfolio analysis showed
that PV, next to wind energy, offers the ability reduce the risk from fossil-fuel
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dependence while the cost consequences of the tingsuknergy system
transformation are modest. Not investing in PV igschriskier than promoting the
diffusion of PV.

In the young but strongly growing global PV markbge most important Japanese and
European companies have ambitious expansion Hamther increases of cumulative
production will lower future prices and this prosegan have problematic
consequences for the least efficient producers.atkat shake-out in 2005 or 2006
would be no surprise.

In their expansion plans, most companies refehéobtooming German market. This
illustrates the fragility of the current PV mark&he reverse image of this situation of
dependence is that the European PV market woully regolode when a few other
countries would follow Germany’s example. In Jaganwell as Europe, there are
currently no problems for doubling or even triplifRy/ production capacity. The
Belgian case of Photovoltech illustrates that Belgengineers and technicians have
the skills to play a significant role in the globmalarket. The global PV market is
highly dynamic and flexible. The German company €i<Cmanaged to build new
plants in 6 to 8 months. PV installations have ddeantage of offering flexibility to
its buyers and apparently the same flexibility asirfd with respect to constructing
new PV plants. These are all indicators that patigkers really can move this
industry with targeted incentives. Europe has tbehnical skills, abilities and
networks to dominate the PV market in the comingade. But this will only happen
when national programmes are launched to creatednkets.

With respect to market creation, especially the ndzer case illustrated that
technological progress is only one side of theystioistitutional change is at the heart
of the policy process. Various policy fields rargyiinom R&D policy to educational
priorities need to be aligned towards clear goals$ jgersist during difficult periods.
New firms need to find support in the existing igional infrastructure and initial
markets need to be created for a new technologpew sector can only take-off
when backed by a broad constituency.

In addition to the advantages of PV with respedh® reduction of external effects
and energy dependence risks, it is crucial thattegies to develop new climate
friendly technologies such as PV are positionedh® current emphasis on cost-
effective and short-term ‘hot air’ mitigation opti® in climate policy. But the period

after 2012 will of equal, if not larger, importantigan the current goal of climate
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policy. The focus on short-term options risks tagyleet long-term necessities of
which new technologies are ranked first. PV clegathys a role in long-term climate
policy but we should be aware that current ingong and ‘soft’ instruments such as
low energy taxes will never trigger massive PV stmgents. On the contrary, the
further and expanded use of current climate pahsyruments — environmental taxes
as well as emissions trading and green certificaggen risk to detract investment
funds from radically new renewable technologiesthie most mature renewable
technologies such as wind energy. Therefore, anitemb technological policy is
needed in climate mitigation strategies.

We conclude with an overview of possible policyiops to accelerate the diffusion
of residential PV. Most countries will favour a rre of instruments and strategies
but our analysis suggests that especially techmegailation in the form of building
standards can yield most advantages at a very st €Compared to annual price
increases of real estate in the residential sestandatory investments in PV-systems
only marginally impact the price of apartments iN-&juipped buildings. Our
examples illustrate that the technical standarceggas a price increase between 1
and 2% for each individual buyer of an apartmerthenbuilding with a PV-system on
the roof. The mandatory standard forces all invdlyarties — project developers,
architects, electricians, roofers, sales people,—eto establish more or less stable
relations to lower the time cost of integrating P\gtallations in the total project. In
the literature on technological take-off, this fation of institutions is essential. The
standard simply makes it impossible for architdotieglect the integration of PV
installations.

In the initial phase of implementation, this mamdatstandard will confront project
developers with several logistic and practical pgots. This will imply frequent
interactions with PV suppliers. Therefore, we casuane that this standard will
provide a boost to especially Belgian PV firms sithese are best aware of local
construction practices and are best located toigeofiexible solution to urgent
construction problems.

The mandatory standard can create a very promisiigl market. The potential
impact of the standard is high. Once 500 projedwtailed each 10 kWp, a generating
capacity of 5SMWp is created. If we —optimisticallgssume that each year 500

projects will be completed, after 10 years a mitiBelgian PV-capacity of 50 MWp
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is realized. As a matter of comparison, the largastopean PV company — Shell
Solar- produced in 2003 modules with total capagitg2 MW.

Furthermore, we need to stress that this type dinieal standards has no cost for
government budgets. To the contrary, the measutegenerate incomes. Finally, a

more symbolic advantage of the measure would csnsfghe additional exposure to
Belgian ambitions to contribute to the gradual $faon to a low-carbon economy.

We conclude that there are no reasons for not stipgdhe take-off of PV industries

in Belgium or other European countries.
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E. Appendix : Competition among renewable energy thnologies: PV and
Biomass

From the preceding overview, we concluded that @ataics are assumed to play a
significant role in the future mix of energy techogies. In the portfolio analysis, PV
has been introduced into a model consisting of gaml, nuclear and wind
technology. This analysis illustrated the long-tebenefits of PV in the energy
technology mix. There are however other renewabiergy technologies that
hopefully also will gain importance in the comingcddes. In this section, we analyse
the possible competition between two relatively wherenewable energy
technologie® — PV and biomass- based on the portfolio modet ties been
presented in section 4 of part A. We wonder whetheestments in one of these
renewable energy technologies has the potentiataiding out the other one, i.e.
will support for biomass energy limit the marketguttial of PV and vice versa?

After a brief overview on the potential of biomassergy, a portfolio framework for
2025 will be used to illustrate the expected tratfs-between PV and biomass for

policymakers.

1. Bioenergy and the potential of biomass

Global bioenergy consumption and production poédstare difficult to quantify.
Most estimates assume that currently around 12-D4%he world’s energy is
provided by biomass energy. In developing countties share of biomass energy is
estimated at 34% but these numbers must be treatedyreat caution (Obersteiner
et.al, 2002). The WEA 2004 report distinguishes betw&aditional’ biomass (9.3%
of world primary energy production) and ‘modernoimass (1.4 % of world primary
energy production). Although speculative, thesaredes show that biomass energy
is currently much more important that for instamgad energy, responsible for less
than 0.7 % of world primary energy production (WER04).

The theoretical potential of biomass energy is miacher than the actual base but
this will require the implementation of pro-actigbanges in land use policies. At the

global level, a comprehensive policy to stimulabarmges in land use will be very

% ‘New refers to the limited market diffusion of biomamsd PV in the European energy technology
mix. Biomass energy is the first energy technoleggr used but modern biomass energy technology
are only widely used in a few developed countries.
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labour as well as skill intensive. Especially irveleping countries, thousands of new
biomass projects can contribute to lowering fugneenhouse gas emissions but then
thousands of local communities need to be traimadfivated and financed to
participate. Additional efforts will be needed &rms of monitoring, the selection of
appropriate technologies, logistics and projectasnability. Obviously, this is an

enormous challenge.

In developed countries, the use of biomass in autimeal boilers for district heating,
electricity production and cogeneration (CHP) isgofat importance in the primary
energy consumption in the Nordic countries (Denm8xkeden, Finland) and Austria.
Biomass for district heating and CHP is also wedtablished in Denmark and

Germany.

Two basic approaches to biomass conversion fotreigg and heat can be used:

1. direct combustion technologies : from simple biosnbsrning for direct heat in a
domestic boiler, stove or open fire, to large scediksation of biomass products
such as wood chips for electricity generation, ritistheating and cogeneration
(CHP);

2. gasification of biomass products to provide gasdoesl| for a wide range of uses
including large and small scale CHP; as a feedsfimcfuel cells, and for heating
systems. An emerging application is biomass integraombined cycle electricity
generation and CHP or BIGCC.

Also in developed countries it is possible to ims® the use of biomass energy.
Depending on the climate of each country, fasttirgatrees such a willow or various
types of switchgrasses can provide biomass inpldsever, especially in countries
with a high population density and a very intensigeicultural sector, the opportunity
cost of investing in expanded biomass harvesting lmcome prohibitive. A larger
area used for biomass cropping implies less oppivies for other activities. Biomass
inputs can also be imported but then the cost®irtpbuts will increase. Furthermore,
transportation that is based on fossil fuels va@tluce the carbon neutrality of biomass

energy.
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2. the cost of biomass electricity

With respect to the cost of electricity from biomasombustion technologies,
estimates depend on the many possible technologicdigurations as well as on the
mix of inputs. For an overview of biomass projaat8elgium we refer to the recent
report by VITO for ANRE. However, most cost estiggtfor conventional
combustion technologies without cogeneration rdmgfeveen 0.05 and 0.07 Euro per
kwh (WEA, 2004 ; Oregon Department of Energy, 2004)ese cost figures include
a capital cost around 0.04 Euro per kWh, an opmraticost and the cost of the
inputs. Fuel transportation, storage and handliogiscare a significant part of the
costs of biomass energy producfibrA complete overview on the cost per kwWh for
all Belgian biomass projects is not available bat fan optimally integrated
conventional installation on woodchips the eledfyicost is estimated at 0.031 Euro
per kWh (Vito, 2004). As always, this estimate deggeon many variable such as the
size of the plant and the rate of utilisation. Savauthors argue that combustion
plants should be as flexible as possible. One egiyato deal with fuel supply
uncertainty is to design the facility to handle tiplé biomass fuels types. The
learning rate for electricity production from comenal biomass is now rather low
since the combustion technology is rather mature.

3. Biomass and PV in the portfolio model

Assuming that the current (2005) electricity cdsthe average conventional biomass
plant is 5 Eurocent/kWh, we obtain a portfolio retof 0.2 kWh per cent invested.
Conventional biomass clearly outperforms PV witietarn of 0.125 kWh/cent. When
climate policy is reduced to short-term mitigatit@ngets — as it seems to be up to
2012- policymakers could prefer to invest in biompsojects and not in PV projects.
In terms of cost-effectiveness, biomass would reakind wind energy but clearly
before PV. When resources for renewable energegi®pre limited — a very realistic
hypothesis- the focus on biomass endangers theténgevolution of the expected
learning effects of PV. Lower investments in P\krie add more years to the time

needed to achieve competitive PV projects. Frors fierspective, policymakers

%" In some cases, the inputs can be obtained for Een the transportation cost of bringing organic
waste to the combustion facility is then coveredt®y/waste producer.
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should be careful not to crowd out investments\inbly allocating the bulk of support
funds to other than PV projects.

Over a longer period, we need to consider otheeaspas well. In the 2025 B
scenario, it is assumed that the price of PV atgtrwill fall until PV generates a
return of 0.3 kWh per Eurocent (see Table Il). B}22, electricity from biomass
plants can also become cheaper but here sevesateihteract. Based on the learning
effects for the combustion technology, the pric&urocent per kwWh can be reduced
but an increased use of biomass in the electrmmtgfolio will be restricted by the
capacity to produce renewable biomass inputs. Waildhtherefore assume that
policies to support biomass energy in several Eesopcountries can lead to upward
price movements for the mix of biomass inputs. Beeaof the nature of the
transportation processes in 2025, it is quite nealsie to assume that biomass input
prices — when delivered at the combustion unit-shightly but positively correlated
to fossil fuel prices. Higher petrol price will makhe transportation of biomass inputs
more expensive. In addition to increasing transmnm costs, the rising prices for
biomass inputs — due to rising marginal opportucitgts of land use- can increase
this price correlation to relatively high levelsotB scenarios — low and high
correlation levels- limit the attractiveness of h@ss in a portfolio that balances
return as well as portfolio risk. Biomass can [sistainable energy technology but its
capacity to reduce input price risk is clearly lessactive when compared to wind
energy and PV. Of course, biomass energy can reducenergy dependence on
fossil fuels imported from the Middle East. The ékts from diversification should
be clearly distinguished from the pure input prisé.

For the portfolio model, we assume that the pricbiomass electricity will in 2025
fall to 0.04 Euro per kWh, what leads to a retufr®.@5 kWh per Eurocent invested.
Solely based on price comparisons, PV is a moradtte option in 2025. However,
this price comparison still neglects the contribatiof the renewable energy
technology to portfolio risk reduction. Startingpiin the initial 2025 B model with
parameter values in Table I, we added biomaske®025 portfolio with a return of
0.25 kWh per Eurocent and an input price corretatip0.05 with coal and gas prices.
The correlation between biomass inputs and uranias set a 0. The standard
deviation of the biomass input prices was set Htdidhe level of gas price changes

(i.e. at 0.05). These assumption are crude sirex tsimply is not standard biomass
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input. National differences can be significant thus portfolio mainly represents the
average European situation.
To compare the contribution of biomass to that\éf We first assumed that the share

of the other energy technologies in the Europeanwais restricted as follows:

the share of gas ranges between 40 and 60%;

the share of coal ranges between 0 and 20%;

the share of nuclear ranges between 10 and 30%, and

the share of wind ranges between 10 and 30%.

The portfolio results of all these combinations presented in Figure V. The best
option in this simplified model 2025 B is foundpoint O: 50% gas, 10% coal, 10%
nuclear and 30% wind. This combination results iretarn of 0.3433 and a risk of
0.0625 (SD). In a next simulation we add biomassdmbination O. The share of
biomass evolves from 1% to 10% and the other tdolgies in combination O are all
reduced by the same percentdge

The results are presented by the combinations fioto B in Figure V. The same
exercise is then repeated for the integration of iRVthe technology mix of

combination O. When the share of PV is increasethfil to 10%, we obtain the
portfolio combinations between O and B in Figure V.

Figure V shows that a 10% share of PV leads totarmreof 0.3389 and a risk of
0.0562, while a 10% of biomass results in a retir®.3339 and a risk of 0.0590.
Based on this simplified analysis, biomass enemplies a lower return at a high
portfolio risk. From this perspective, the longrterpotential of PV is clearly

preferable over that of biomass.

Figure V — Portfolio analysis for PV and biomas2025

2 \When the share of biomass is 5%, the share asghen 50*(1-0.05).
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4. Policy recommendations

These findings should not interpreted as an argtatien against biomass in a
diversified energy technology mix. The main conmusis that PV can offer a very

valuable contribution to climate policy as well @sergy security policy, especially
when the technology is shielded from competitiondt least one decade. Without
support mechanisms, a more mature renewable tempnauch as biomass looks
more attractive in the short-run. Shifting supporchanisms from PV to biomass
would benefit biomass production but endangersrtiportant potential of PV in the

long run (here up to 2025). Therefore, the maincumion from this analysis is that
PV deserves specific technology and/or market meatupport, even when other
renewable technologies look superior in the shamt-rin a purely competitive

markets, PV has no ability to grow strongly and red@omass risks to become

outcompeted by wind projects.
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