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Much ado about nothing: Photovoltaic policy in theEU and its implications for
climate change mitigation

Introduction

Of all the prominent renewable electricity sourqe®tovoltaics (PY) is by far the
most expensive per Watt and the least efficietg¢iims of energy conversion. Typical
PV efficiency has risen from around 6% in the m@Qs to around 18% now, a
doubling every 32 yeatsBy comparison, computer power has consistentiyob
every 2 years If computer power followed the same curve as W& would still be

using the computers of 1958.

PV works by the brightness of the sun, yet Germamgre it is most heavily
subsidised, installed and accepted, is relativally German PV subsidies now
amount to almost a billion euros per year (PV Boizoup 2006, p. 28), with
mushrooming cash commitments for subsequent ykearscally, if this money were
spent instead on pure PV research and developiRé&m)( PV technology might
advance faster, and installed PV pay its way moomer. Yet PV advocates tend to
ignore this apparent misallocation of funds (exgeket al. 2001, Jager-Waldau 2007,
Reiche and Bechberger 2004).

PV could potentially make a huge contribution tonelte change mitigation, as it is
completely fossil-free in operation and its ‘enepgyback time’ (see below) is
considerably shorter than the life of a typicaltuliiintensified R&D were to bring
PV to its economic breakeven point earlier rathantlater, it could replace a
significant portion of fossil fuel and even nuclganeration. This paper argues that
this opportunity is being squandered by misguidedn@n policies that serve to

promote premature deployment of an immature teciyyoat a ridiculous cost.

L A list of the abbreviations used in this essayiven in Appendix 5.

2 Since 6 x 2°(50/31.64) = 18.

% The number of transistors per centimetre of silichip has followed Moore’s Law (1965), doubling
every 18 months. Allowing for other limitationsyreore modest overall trajectory is a doubling of
overall computer power every 2 years.
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We first outline the technical features of PV thalicy makers need to take account
of. We then explore the place of PV in EU climatarge and related policy
development. Since Germany is the motor of PV esjoarwithin the EU, we look
extensively at German PV policy and its effectshvesser reference to other EU

countries. Finally, we make recommendations foicgahakers.

Photovoltaics in electricity production

Due to the high cost, low efficiency and small powetput of PV cells, early interest
in their use was mostly confined to the space itrgusd remote low power
appliances. In 1955 efficientyvas typically 2% and the cost per Watt of prodarcti
capacity (PW¢€) $US1,750, though efficiencies of 6% could be ackd at very high
cost (Lenardic 2008). Efficiencies rose to 9% b$8,9and today 15-18% is typical.
Costs fell to below $US20 PWC in the mid 1970s, aredaround $US2.70 PWC
today. Since the cost PWC of fossil fuel generatmesound US 80c, the relatively

high cost PWC of PV electricity has significant iptions for policy development.

Another important issue for PV usefulness is ‘epgrgyback time’ (EPBT). This is
the time it takes for a PV installation to genetagamount of power that was used in
its manufacture, installation, etc. (Alsema anduMikaar 2000). For a PV unit to be a
viable source of energy it must make up for thuitnand produce yet more power,

during its lifetime.

A further criterion is ‘carbon payback time’ (CPBhe time it takes a PV unit to
produce the same amount of electricity that waegdad from fossil fuels in its
manufacture, installation, etc. CPBT for PV mad&weden would be far shorter
than for PV made in Germany, as Sweden’s powdmsest entirely renewables and
nuclear (see Table 2). However, since various aedsma a PV system come from

different geographical sources, it is not usuadlgsible to distinguish between power

* ‘Efficiency’ is a measure of the percentage ofligim energy falling on the PV surface that is
converted to useable electrical energy.

® Cost PWC needs to be distinguished from cost patt & power produced. The former is an
idealised figure based on the amount of power &y&tem could produce in expected conditions. The
latter is a measure of how a system actually peréadrin given location.
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mixes in manufacturing (but see Kannan et al. 208)ce CPBT is always less than
EPBT, the latter figure is a sufficient measure of PM&efulness in GHG mitigation.

Alsema and Nieuwlaar (2000) examined a range aftafjne silicon and thin filrh
PV types in 2000 and found EPBTSs of 2 to 8 yeagpedding on cell type, type of
mounting, and level of solar radiation (See Tabldrihigh irradiation countries,
such as Spain and Italy, EPBT is 60% shorter thaaones of medium irradiation,
such as southern Germany, and about half as lofay &mw irradiation areas such as

northern Germany, Britain and Scandinavia.

Energy Pay Back Time (yr) of present PV systems
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Table 1. The energy pay -back time (in years) for present -day PV applications. Two dilerent
module technologies (multicrystalline silicon and t hin film amorphous silicon) and two types
of installation (ground-mounted and roof-integrated ) are distinguished. Source: (Alsema and
Nieuwlaar 2000)

More recently, Battisti and Corrado (2005) foundBHB of 3-4 years on rooftop
installations in Rome, while Alsema et al. (200d)rid EPBTs of 1.7-2.7 years in

South-European locations.

® This is because at least some of the power usednoifacture a PV system is likely to have come
from renewables.

" Crystalline silicon is the most common type of coencial PV. Others include ‘thin film’ and
‘concentrator’.
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Even shorter EPBTs have been reported with morkistigated PV types, such as
‘concentrator’ cells. In these, mirrors are useddncentratésunlight up to 450 times
its natural intensity onto multi-layered cells, le@at which is designed to absorb a
different frequency. Minassians et al (2006) folRBTs of 1.5 years in California
and 1.2 years in Arizona for the ‘SolFocus Gentjhhtconcentration PV system.
Peharz and Dimroth (2005) recorded an EPBT of lyé&d?s for a ‘FLATCON’ high
concentration system installed in southern Germbayyar the most impressive

result, given Germany’s mild sunshine.

Provided a PV unit survives its expected lifetini@® or more yeafsthese EPBTs
make PV a viable means of abating GHG emissionsisBieployment of PV a cost-
effective way to do this, compared to other rendesbhAnd would the money be
better spent on PV R&D? We explore these questiorsation to EU and, in
particular, German PV policy.

EU Energy and PV policy
PV policy in the EU comes under the broad headuigsergy policy, climate change
policy and technology polic¥.

Energy concerns were at the heart of the EU’s fowgydn 1951, with the European
Coal and Steel Community Treaecurity of energy supplyhas been an issue for
the EU since the oil crisis of 1973. It was shaifplyused recently when Russia cut
off gas supplies to Ukraine in January 2006 an8eiarus a year later. Since these
countries act as gas transits to EU states, the®ma led to crises of supply. The
European Commission proposed a new Energy Plaaumpe (EPE) in April 2007
(EU Commission 2007), which will eventually leada@ommon Energy Policy
(CEP).

® These should not be confused with ‘concentratitigr smwer’, which is a totally different
technology that concentrates sunlight on a watiéebihat drives a turbine generator.

° There are notable examples, such as in a UnivasBast Anglia, UK, building, of PV units failing
long before their expected lifetime is completet Biis is not an apparent problem among the huge
number of rooftop PV systems manufactured andllegtan Germany.

1°The EU’s complex decision making structure is oetliin Appendix 1.
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The priorities lying behind the proposed EPE amsty of supply, common foreign
policy on energy, enhancing the EU internal enengyket, promoting renewable

energy and promoting research in energy techndlagyCommission 2007).

Parallel to the quest for energy security has laegrowing concern ovalimate
change.This issue has its own history within EU policwdmpment, but is also
represented in texts concerned primarily with epeegurity. Paragraph 1.1 of the
EPE, for example, points out that current EU pekc¢ciwhich lead to high GHG

emissions, are ‘not sustainable.” (EU Commissiod72 para. 1.1).

The EU launched its ‘European Climate Change Progra (ECCP) in March 2000.
This has led to the adoption of a wide range oicped and initiatives, including the
EU Emissions Trading Scheme, launched on 1 Jarif}y, and a focused policy on
renewable energy sources (RESS).

In January 2008 the EU Commission put forward thal text of its proposal for EU
law on the contributions member states should nsakas to reduce GHG emissions
to meet EU GHG reduction commitments up to 2020 Edghmission 2008a).
Simultaneously it put forward its proposal for Edwlon the promotion of use of
renewable energy sources (EU Commission 2008b)eRalies are to make up 20%
of energy sources by 2020 within the EU as a wtaoid, the burden of this is to be
shared among EU member states according to andafijmenula related to the
proposed GHG reduction targets, plus known existmgwables potential (See
Table 2).

The proposed legislation distinguishes three seabrenewable energy: electricity,
heating and transport. ‘The overall approach’, shgsexplanatory memorandum, ‘is
for Member States to retain discretion as to theahthese sectors in reaching their
national target,” (EU Commission 2008b p.7) apaotf a mandatory 10% biofuels —

a stipulation many are now regretting.

Meanwhile, within the electricity sector, membeatets will be free to structure their
renewable portfolios how they choose. There istipukation as to what proportion of

wind, solar, biomass, hydro, etc., each state shaiuh for.
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(1) (2) (3)
Targets c wlzre;jéﬁﬂ:_léﬁ;ﬁﬁg?giﬂfﬂ?ﬂﬂgb to Share Renewables in the final energy
2020 : 2005 demand by 2020
AT -16.0% 34%
BE -15.0% 13%
BG 20.0% 16%
Y -5.0% 13%
cz 9.0% 13%
DK -20.0% 0%
EE 11.0% 25%
Fl -16.0% 38%
FR -14.0% 23%
DE -14.0% 18%
EL -1.0% 18%
HU 10.0% 13%
IE -20.0% 16%
IT -13.0% 17%
LY 17.0% 42%
LT 15.0% 23%
LU -20.0% 11%
MT 5.0% 10%
ML -16.0% 14%
FL 14.0% 15%
PT 1.0% 31%
RO 19.0% 24%
SK 13.0% 14%
5l 4.0% 25%
ES -10.0% 20%
SE -17.0% A5%
UK -16.0% 15%
Table 2. Legally binding targets for EU states, as proposed by the Commission
January 2008.
EU PV policy

PV policy is embedded in renewable energy polidyiclv is in turn embedded in EU

Energy policy and EU climate change policy. Her®Ré policy can be seen as having
received a boost from the supply crises of 200620@¥ and the general acceptance
that energy supply is now a crucial issue for the Bus a boost from climate change

concerns.

A further strand contributing to PV’'s promotion kit the EU is the desire to benefit
from being an international leadertechnology developmentThe EU Commission

has explored this issue separately and in paraitblthose of energy supply and
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climate change, and now points out, as a matteowifse, how the concerns reinforce

each other. A typical example is:

‘... [Climate] change offers a stepping stone to noke the European
economy, orientating it towards a future where t@tbgy and society will be
attuned to new needs and where innovation willteraaw opportunities to feed
growth and jobs.” (EU Commission 2008d, p.2)

The three issues of energy supply, climate chanddechnology development now
form a ubiquitous narrative background to EU statets on RES in general and PV
in particular. They appear in the preambles or oygeparagraphs of virtually all EU
documents that deal with climate change or its gsed solutions. An example is the
opening sentence of the EU Commission’s ProposaridU law on the promotion

and use of energy from renewable sources:

‘The Community has long recognised the need tdtéurpromote renewable
energy given that its exploitation contributes limate change mitigation
through the reduction of greenhouse gas emisssussainable development,
security of supply and the development of a knog#elased industry creating
jobs, economic growth, competitiveness and regiandlrural development.’
(EU Commission 2008)

PV has a key place in EU policy as one of a numb&ES options. But while the
EU Commission supports its development, it doesleatand or propose premature
deployment of this currently uneconomic technololjyis is shown clearly in a key
Commission document on RES technology, the Teclgyditap (EU Commission
2007a). This document looks critically at the reskaneeds and potential of major

RESSs, including PV. One of its key statements is:

‘The PV industry is not in competition with otheER-based electricity
generation industries. The ultimate goal of the camity that supports PV
systems iso make the technology competitivith all sources of electricity in
the medium term and then allow all technologiesampete for their fair share

in electricity generation.” (EU Commission 2007mphasis added)
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Member states are clearly free to ‘make this teldgycompetitive’ by any route
they choose. Because Germany has taken on thisvitsknormous commitment, we

will now explore German PV policy in some detail.

German PV policy

Germany is not richly endowed with RESs. Unlike #thasand Latvia it has little
potential for hydroelectric power. Compared to sulaly, Spain and Greece it is
dull and cloudy. It is only about half as windytae UK and has limited coastline for
tidal power potential. Its modest geothermal poatihtas long been exploited for

health spas.

Nevertheless, German RES policy has been stepd al&J policy for some years.
The Renewable Energy Supply AGtromeinspeisungsgeseta) December 1990,
obliged electricity grid operators to buy power gexted by RES installations smaller
than 4 MW at minimum prices. RES sources were ddfas hydroelectric, wind
power, solar power, biomass, and power from wastiesawage incineration (UO
1998). PV gained a further boost when the Renewahérgy Feed LayErneubare
Energien Gesetz — EEGame into force in April 2000 (EEG 2004). This geherous
guaranteed ‘feed-in-tariffs’ (FITs — the Germamfiasf subsidy) that grid operators

had to pay for each kWh of power fed into the dpydRES operators.

The ‘100,000 solar roofs’ programme, introduced %99, aimed to boost PV power
by 300MW by December 2003. Low interest loans ofaf.23 euros per KWp were
offered. The scheme was oversubscribed and hagl tevised upwards (Goetzberger
and Hoffmann 2005).

The RES share of German electricity generation dgrem 3% in 1990 to almost 9%
in 2003, when the 100,000 solar roofs programme@nthe EEG was amended in

2004, obliging grid operators to pay more heftyffimto RES operators (see Chart 1).
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Consequently the RES share of electricity is likelgurpass Germany’s goal of
12.5% by 2018

Maximum and minimum FIT under German EEG 2004
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Chart 1. Maximum and minimum feed in tariff under G~ erman Renewable Energy Law 2004.

PV has benefited spectacularly from these lawgetsic section deals with it in the
EEG, which sets a FIT designed to make it a saditable investment, particularly
for small ‘rooftop’ operators but also for largesiallations (EEG 2004 Article 11).
The 2004 FIT was set at 45.7 euro cents/kWh foaggemounted PV systems and
57.4 euro cents/kWh for installations on buildinigss paid at these rates for 20 years
to PV operators who began to generate power in.ZD0d starting rate for new
operators in subsequent years is tapered, redbgib§o each year. So, for example,

an operator starting in 2005 will receive 95% ofb@ents per kWh for 20 years.

As a consequence Germany is now the world’s lagestucer of PV and accounts

for some 35% of the world’s PV installed capacity.

How did PV win such generous financial support? ahswer lies in large part with

extremely successful lobbying by two German GreanyRactivists, Hans-Josef Fell

" Despite a growth in total power consumption by f8m 1990 to 2003, GHGs from electricity
generation declined by 13%GCRI 2004). But this was in large part due to dewndissioning of dirty
East German power plants after reunification.
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and Volker Oschmann, from Hammelburg, a picturesqguoeyard town in northern
Bavaria. Fef?, a Federal MP, conceived the FIT in the 1990$iaihj setting up a
pilot scheme in Hammelburg, which paid a FIT of @ischmarks per kWhr
(Laudatio 2006, Fell 2008). He and Oschmann, aréédeireaucrat, worked very
effectively for the100,000 solar roofs programnie, 2000 law and its 2004
amendments (see, e.g. Oschmann et al. 2006) ureatbaf@ Schroder’'s Red-Green

coalition government.

Germany Cumulative Installed PV
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Graph 1. Cumulative installed PV generating capacity in Germany

The usual justification for massive state-sponsaiisttibution of PV is a
sophisticated argument based on a visionary futaesfully tapered but generous
FITs will stimulate the PV industry, drive compgtit, provoke R&D among
manufacturers, develop widespread social acceptanddead to early efficiencies in
manufacturing, distribution, technical support, manance and associated
bureaucracy (e.g. Sandén 2003, PV Policy Group)2007

Without the subsidy, power from a state of the@oftop PV system connected to the

grid costs 4-5 times as much per watt as convealtipower - hence the EEG’s

121t is also claimed that Fell was one of the fisGermany to install a PV system on the roof &f hi
house, which he did in 1991 (Laudatio 2006).

10
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guaranteed tariff of 5 times conventional powec@ii PV Policy Group 2007, EEG
2004). If PV continues increasing in efficiencyitathistoric rate, it will be 2081
before it pays its way, though possibly much earlier if other power searbecome

more expensive and there are step-wise breakthsandpV efficiency.

But increasing the solar efficiency of PV is na tinly way to make it pay. Cost
reductions are also being pursued in manufactumsggallation and technical support
(Alsema and Nieuwlaar 2000). There is also encongagsearch on high-
concentration PV (see above), with efficienciespto 35%, though this is currently
prohibitively expensiveReharz and Dimroth, 200%)lence, much current thinking
looks forward to an earlier breakeven date. Crexgf2005) estimates a future
annual 6% increase in overall PV efficiency (i.gear-on increment of 6% of the
previous years’ percentage efficiency), which wdwlthg PV to four times its current
efficiency by 203, a date in line with other thinking. But still] 8V systems up to
the breakeven time will require a subsidy — morey tould have been spent on
more focused research and development. Even Saadémong advocate of FIT

policy, warns of ‘the risk of a premature lock-iham inferior design’ (Sandén 2003).

Installed PV, Germany: Percentage increase on previ ous year
source: Author's calculations based on Federal Ministry for the Environment statistics
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Chart 2. Installed PV, Germany: Percentage increase  on previous year
source: Author's calculations based on Federal Ministry for the Environment statistics

13 Since there are 73 years from now till 2081, @ficy is doubling every 31.64 years, and
2/(73/31.64) =5
4 Since 4 = (1/(1-0.06))"22, and there are 22 y&Fara now to 2030.

11
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What it will cost

The author developed a mathematical model to estifoéure predictions of total
German subsidy (see Appendix 2 and Appendix 3).rmbdel uses parameters for the
average annual increase in installed capacity,ameduction of FIT as set down by
the EEG, and the total subsidy for nenits paid out in 2004. Under the EEG, units
installed in 2004 receive the full FIT for 20 yeddsits installed in 2005 receive a
FIT of 95% of this rate for 20 years, while thosstalled in 2006 are subsidised at

95% ofthis rate for 20 years, and so on.

The total subsidy in 2004 was 225 million eurosybaich 80 million was for units
installed in that year. This payment will continée, these units, for 20 years, so that
the total commitment for units installed in 2002@x80 million = 1.6 billion. Using

this as a basis, three scenarios were explored.

Scenario 1.The FIT was set as outlined above. The averageahnmcrease in
installed capacity was set at 55%, which has beemvterage annual increase over
the last decade (see Chart 2, and compare BP 20Q08)s case, the total subsidy
committed by 2020 will b&.4 trillion euros, and116.7 trillion eurosby 2030.

Scenario 2.There is now a government proposal to reduce kheriere rapidly, by
9.2% in 2008 and 7-9% thereafter (Economist 200@ayelling thig>, using the
same rate of increase of 55%, shows a total comenitiof overl.7 trillion euros by
2020 ands1.9 trillion euros by 2030.

Scenario 3.The government’s more modest aim is to increas@guPV capacity
from 3% of electricity supply to 27% by 2020, attacof 9 within 12 years,
representing an annual increase of about'20¥his would fulfil PV's share of
Germany’s ‘20-20 by 2020’ godl Using these parameters, with the reduced FIT in
scenario 2, shows a total commitment of @&0 billion eurosby 2020 andb44

billion euros by 2030.

5 This model uses a tariff reduction of 8% per yesafram 2009, but 5% per year up to 2008.

'® Since 1.207M2 = 9.

" This is the proposal for the EU as a whole to @efi0% of its energy from renewables by 2020, with
20% of transport fuel coming from biofuels.

12
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But the government’s figure, of an increase inadhetl capacity of as little as 20% per
year, bears no relation to reality. PV is a saferdtive investment under the EEG,

and interest is hardly likely to wane overnight.

Further, the PV industry worldwide would be in skhdcan annual 20% ceiling were
put on German PV expansion. German expansion &y dactor driving the rapid
increase in investment in PV worldwide and, iroflican private R&D. PV is now
seen as a lucrative, viable business growth oppityts not because PV is economic,
but because of the artificial but reliable econdhy German government has created
for it (Chodogam 2008).

But a focused investment in PV R&D of 210 billiomres over 12 years — the
absolute minimum subsidy under current policy -Id®peed the arrival of the
breakeven date considerably. Continued subsidiglsl @mount to anything between

this figure and hundreds of trillions.

Further, the models show that the present levBhahcialcommitmento FIT
subsidies is far greater than the (already laag&)alannual level. For example, the
FIT in 2008 will amount to about a billion eurositithe 20-year commitment tew
PV units installed in 2008 will amount to over bilion euros. And in 2009, a
further 11 billion commitment will be added to thisd so on. The system is
unsustainable. Germany’s total GDP in 2007 wadrBlibn euros. Even our least
costly scenario would represent a huge drain oeto@aomy

It could be argued that the government’s coffeessafe because the FIT is not a
direct government subsidy, as it is paid by gridrapors to PV generators. But they
pass it on to consumers, so it becomes a cost lbgrttee public, and functions much

like a tax.

PV policy among other EU countries

15 EU countries now have FITs for PV, but most Fdifes small and are not boosting
the market (Jager-Waldau 2007, and see Append&idyenig for example, has a
FIT that is tied to the market electricity pri&itain has no FIT bubas a RES target

13
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EU countires total PV (MWP) in 2005
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Chart 2. EU countries’ total installed PV (MWP) in 2005

of 10% of electricity production by 2010, and 2092920, but no specific PV target.
It operates a PV quota system with a subsidy thiard to get in practice (PV Policy
Group 2006, p. 60).

Austria is even more wary of promoting PV. It has no PMtsy, and its current
Green Electricity Act limits the maximum total sibsed PV capacity to 15MW,
thus ‘blocking further market growth.” (PV Policy&@up 2006, p. 19)

These three are broadly representative of mostdtldides. The exceptions, along

with Germany, are Greece, Spain, Italy and Frasee Chart 2 and Chart 2a).

As of June 200&reecehas a RES law more generous than Germany’s.dto#
FIT to PV operators of around 50 eurocents per k\&tijusted annuallypwardsfor
inflation and for increases in the retail electsigrice, and guaranteed for 20 years.
Like Germany, it has streamlined the permit prodessmall, grid-connected PV

systems. Large commercial systems are eligibladiditional grants of up to 60% of

14
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their cost. A target of 700MWp minimum has beenfge2020, and installed
capacity has shown a steady increase from 1MW @020 7MW in 2006 (PV Policy
Group 2006, Psomos 2007).

Spain has targets for PV of 135MWp capacity by 2010uneag 122 million euros
investment. It offers a FIT of 39-44 eurocentslpathr, paid directly by the
government, plus soft loans, and direct subsidiastgd by the Spanish Institute for
Energy Diversification and Savilftand its regional counterparts. Installed PV is

increasing at up to 54% per year and heading tasvEdOMW.

In Italy a FIT is fixed at 50-59 eurocents per kWhr for kriisegbOMWp) operators,
payable for 20 years. There is a competitive tandescheme for large PV operators,
which must bid for payments for power they will@fion the grid. Winners are
selected by the Italian Electricity ServitéGSN 2008).

Chart 2a. PV (MWP) except Germany 2005
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France has a non-binding target of 1-50MWp of installdd dapacity by 2010. PV is
seen as a very small niche market, but is suppbgtedmodest FIT of 15.4 eurocent

18 |nstituto para la Diversificacion y Ahorro de ladEgia - IDAE
19 Gestori Servizi Electrici —GSN: formerly GRTN

15
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per kWhr, with a 5% abatement and inflation compéina (currently 13.85
eurocents). Investment subsidies are available thenfrench Environment and
Energy Management Agerféand regional agencies. Tax credits for PV have
recently been increased. These support mechanistks tine average payback time
for a small-scale private rooftop PV system 15-8arg, compared with 7 for
Germany and about 4 for (sunnier) Greece.

Discussion and conclusions

The EU target of 20% renewable energy by 2020lveltostly because most RES
power is more expensive than fossil fuel power.réfuge the target needs to be met
in the most economically efficient way. As eachmtoy is free to make up its own
mix of RESs to meet its allocated portion of thgéd, countries can pursue efficiency
within their own mix of resources, and there igonessure on any to deploy PV

prematurely.

Most EU countries, which are dull and cloudy, havanservative approach to PV,
leaving it to enthusiasts who are preparepay its high price. Sunny Mediterranean
countries may have less to lose from subsidisingyit even in their climates it comes

nowhere near to paying its way.

The handouts for PV in Germany represent a grosallocation of funds. Spending
an extra billion euros per year on PV R&D rathertlon operating subsidies would
almost certainly hasten the arrival of PV’'s comnaregiability and therefore lead to
much deeper GHG emission cuts sooner, both foEthand on a worldwide scale as
technological advances are shared. Pressure fioore® such as the PV Policy
Group needs to be resisted in other EU countrigadhey do not follow Spain,

Italy and Greece in taking up the German model.

The world’s largest PV manufacturer, Q-Cells, inli&o, near Leipzig, employs 213
people in its R&D department (Q-Cells 2007, cf. Bmmist 2008a), but the 2007

20 Association ayant pour la protection de I'envirement et la maitrise de I'énergie: ADEME

16



Climate Change Impacts and Policy: CW 3 Student ID 3748154

subsidy, of 900 million euros, could have paidS@00 R&D jobs direct§?. The
additional commitment of a further 7.5 billion esrio 2008, plus a further 11 billion

in 2009, would create enough funding for a PV-sinhattan Projeét

A further irony is that the huge German demanddrkeeps the price high and
makes it more expensive for sunnier countries whiohld get up to twice the power
per unit. Due to manufacturing bottlenecks, the obsrystalline silicon has risen
from $US25 per kilogram in 2003 to around $US40afato(Economist 2008a).

Is it too late for Germany to pull back from thistp? FITs guaranteed for 20 years
cannot justly be withdrawn, but there would be mjastice in desisting from starting
new contracts. The greater problem would be th@bkdisruption of downsizing the
German PV manufacturing and distribution indusivigich currently generates some
40,000 jobs (Q-Cells 2007, p. 40) — though eachafiieese can be accounted for by

the size of the year’s new subsidy commitrfiént

At the very least, Italy, Spain and Greece shoake ta warning from this and redirect
their funds from FITs to R&D, before a German-stiyM juggernaut develops.
France’s relatively low FIT might be a good comprsgrposition to aim for.

If EU policy makers are serious ab@iHG abatement they will seek the quickest and
most cost-effective way to develop PV to its ecomonneakeven point. The German
government should be challenged to shift publidfog from premature deployment
of a sub-standard technology to more focused R&ithout any reduction in the

annual level of funding.

2 This assumes the wages and workplace infrastructste200,000 Euros per year, per worker
employed in R&D. Q-Cells does not give a specifitife for cost of R&D in its annual report, but
since 213 of its 1,707 employees work in R&D we maughly estimate that R&D makes up at least
213/1,707 of its annual budget of 190 million euytics 23.7 million euros. If we assume it actually
costs almost twice that much, i.e. 40 million euthen by the same cost-ratio 900 million euroseiou
provide R&D wages and equipment for 4793 reseascher

2 The Manhattan project cost $US2 billion, about $8 8ilion (18 billion euros) in today’s
equivalent money (Schwartz 1998).

Z PV units installed this year will get a guarant&t, spread over 20 years, of about 6 billion euros
This amount would more than pay this year's wagabh®#0,000 PV workers in Germany — it would
give them an average of 136,000 euros for the year!
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Appendix 1: The EU decision making process

‘EU policy’ has to be carefully defined because Bi¢is not a sovereign state. Power
rests ultimately with the governments of its mendiates, which alone have the
means to implement legislation and enforce it. Minatess, to be a member of the
EU a country has to enshrine EU rules in its legigh or regulations and undertake
to implement and enforce these. Further, EU ruleslaveloping and broadening
over time, and there has been a gradual surrefidervereignty in many areas of
policy (Leonard 2005).

In general, EU policy is formed through a procesgitning with theEU
Commission.This body, which sits in Brussels and forms tharhef EU
bureaucracy, consists of civil service (non-pditj@ppointees from the 27 member
states. It initiates legislation through a lengpingcess of consultation, publishing
position papers, receiving feedback from the EUidaent and the European
Council, hearing the views of interest groups, fnmthulating further papers and draft
legislation.

To become EU law, the exact wording of a pieceegidlation has to be approved by
both theEU Parliament and theEuropean Council This is not to be confused with
the Council of Europe, which is a different bodgpresenting a large number of states
in Europe and the Middle East. To add to the caafuthe Council of Europe has its
headquarters in Strasbourg, which is also oneeofitio cities where the EU
Parliament meets.

Hence an EU ‘law’ is more properly called ‘a Dingetof the EU Parliament and the
Council’ The Parliament is elected by popular vateong EU citizens. The Council
consists of a ministerial representative of eachmber government. While it may
have different members for different meetings, atdity to the policy area under
discussion, the European Council is legally onlg body. Once every year the heads
of government come together for a European Coumedting that has a special
kudos, but no more institutional power than anyeotauropean Council meeting

Once a document becomes EU law, its member statestivo years to enshrine it in
legislation or government directives, whicheveapgpropriate for each law.
Governments are also obliged to develop institgtimimplement and enforce these
laws.
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Appendix 2. Spreadsheet results for model of GernmaFIT costs up to 2030

(Scenarios 1 and 2)
German PV German PV
Feed in tariff Feed in tariff
estimates as estimates as
per EEG per EEG
Scenario 1 Scenario 2
20 year FIT [Total 20 year FIT (Total
FIT for commitment |[accumulated commitment jaccumulated
newly for each FIT FIT for newly {for each FIT
installed PV |year's new |commitment installed PV year's new |commitment
(million PV (million |(Billion (million PV (million  |(Billion
Year euros) euros) euros) euros) euros) euros)
2004 80.0 1600.0 1.600 80.0 1600.0 1.600
2005] 117.8 2356.0 3.956) 117.8 2356.0 3.956)
2006 173.5 3469.2 7.425 173.5 3469.2 7.425
2007 255.4 5108.4 12.534 255.4 5108.4] 12.534
2008 376.1] 7522.1 20.056 376.1] 7522.1 20.056
2009 553.8 11076.3 31.132 536.3 10726.6 30.782
2010 815.5 16309.9 47.442 764.8 15296.1] 46.078
2011 1200.8 24016.4 71.458 1090.6 21812.2 67.891
2012 1768.2 35364.1 106.822 1555.2 31104.2 98.995
2013 2603.7 52073.6 158.896 2217.7 44354.6 143.349
2014 3833.9 76678.4 235.574 3162.5 63249.7 206.599
2015 5645.4 112908.9 348.483 4509.7| 90194.0 296.793
2016 8312.9 166258.4 514.742 6430.8 128616.7 425.410
2017 12240.8 244815.5 759.557| 9170.4 183407.4] 608.817
2018 18024.5] 360490.8 1120.048 13076.9 261539.0 870.356
2019 26541.1 530822.8 1650.871 18647.7, 372954.6) 1243.311
2020 39081.8 781636.5 2432.507| 26591.7 531833.3 1775.144
2021 57548.00 1150959.8 3583.467| 37919.7 758394.2] 2533.538
2022 84739.4 1694788.3 5278.255 54073.5| 1081470.2] 3615.009
2023 124778.8 2495575.7 7773.831 77108.8] 1542176.5| 5157.185
2024 183736.8] 3674735.2] 11448.566 109957.2]  2199143.7| 7356.329
2025 270552.4] 5411047.6] 16859.614 156798.9] 3135978.9] 10492.308
2026) 398388.4 7967767.6| 24827.382 223595.3| 4471905.9 14964.214
2027| 586626.9] 11732537.8 36559.919 318846.9] 6376937.8 21341.151
2028 863808.1 17276161.9] 53836.081 454675.7]  9093513.3] 30434.665
2029 1271957.4] 25439148.4] 79275.230 648367.5 12967350.0] 43402.015
2030 1872957.3] 37459146.0f 116734.376 924572.1] 18491441.1] 61893.456
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German PV
Feed in tariff
estimates as

per EEG
Scenario 3
20 year FIT ([Total
commitment jaccumulated
FIT for newly [for each FIT
installed PV year's new |commitment
(million PV (million |(Billion
Year euros) euros) euros)
2004 80 1600 1.6
2005 117.8 2356.0 3.956
2006 173.5 3469.2 7.42521
2007 255.4 5108.4] 12.53362
2008 376.1] 7522.1]  20.05576)
2009 415.2 8304.4] 28.3602
2010 458.4 9168.1 37.5283
2011 506.1] 10121.6] 47.64988
2012 558.7| 11174.2] 58.82411
2013 616.8 12336.3  71.16045
2014 681.0 13619.3  84.77978
2015 751.8 15035.7]  99.81552
2016 830.0 16599.5 116.415]
2017 916.3 18325.8  134.7408
2018 1011.6 20231.7] 154.9724
2019 1116.8 22335.8  177.3082
2020 1232.9 24658.7]  201.9669
2021 1361.2 27223.2  229.1901
2022 1502.7 30054.4  259.2445
2023 1659.0 33180.1 292.4246
2024 1831.5 36630.8  329.0554
2025 2022.0 40440.4]  369.4958
2026 2232.3 44646.2 414.142
2027 2464.5 49289.4) 463.4314
2028 2720.8 54415.5 517.8469
2029 3003.7 60074.7] 577.9216
2030 3316.1 66322.5 644.2441

Student ID 3748154
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Appendix 4. Support mechanisms for PV in EU and Swzerland.
(Source: Jager-Waldau 2007)

Support mechaniams lor photovelias in the BEwopean Undon and Sediwerland (ol = € cont)

Ausirsa

Hilgium

Cyprus

Caech
Fepublic

Denmisrk

Esloma

Fiinland

Framas

Chermrany

Cironm

Hungary

Iretand

lialy

Fwd-dm tan T paid for 20 yeam with cap of 15 MWp, but only Tor systems matalled in 2003 and
2004 {cap was neached ller only 4 weeks ]

AW = 20 kW, 0.47 £/KWh = 20 kWp

2005 A new renewable energy law B curoa Uy wnder decussion, bul no Tederal support at the
mcarsil.

Some of the Federa] States have support achemes.

Feod-in taall: 1560 kWh; Randes from 1 Tameary 2006: 0045 cUWh (15U kW b with revense
mieber; nel foad-in) Tor X0 years with 165 MW cap.

Feod-in tardl: (012026 €/kWh and mvestment subsidis up 1o 55% for private myvestons and
up Lo 4054 Tor compand e,

Mew Law on the Promotion of Production of Elecincty from Benswable Energy Sowrces went
il effect on 1 Avgust X005, Producers o eectrcly can choose from (o support schems:
® Fived leed-m taridls

® (imeen Honuos

Tanilsare not fxed L, Bt e riclung & Labes that the tanils duowld be set in swch 2 fashson, Ut
e pay-back vme of matalls vons & Lo than 15 years, In sdditon, the annusl prooe decresse Tor
new mnsiallations ghould be §% max

Mo apecifle PV programme, bul settleament praos Tor green eheclrcty.

Mo apociifle PV programme bul Benewable Portfolo Standard and ax reliel
Fead-in tardl for dhectricity prodwosd out of BES i 5.1 ckWh

I tmeent subsidy up Lo 40%.

Feod-in tardl madnland: 15cykWh< 12 MW Tor 20 vean; lower VAT on imvesiments,
Fead-in tardl Oveneas and Corses: 3050 kWh

Feed-in tardl for 20 years with budlt-in annus] decrese of $% from 2005 onward. For planis,
e Lher on b kbings nor sownd bardens, the decease will rse 1o 6.5% Trom 2006 onwand. 2005
Lz T

A3 46 kWh minmury on buddmgs and sound barden S4.5ckWh = 3kWp, 51961

KWh =30 kWp and 513 ok Wh = 100 kWp, Tor Fagade integration then & an sdditona] bonus
of Set/kWhe

Feed-in tan (T 0078 €kWh on iglands and 007 €kWh on the mamnlad. Grants for 40-50% of
Lozl cost. Holds only for commiensial appications = 5 KW, no grants Tor domestic applics tions,
Law 256495 miroduos a mduction of the taxable incoms of fna wers installing renewakle
emergy sysbems in private budklings (75% of costs for puchase and installation & Lax-

et b

Minstenal Decnes 562002 guaraniesd Tosd-m @nll (on mdelim e term), begnning in Januay
2003, all emergy generated from renewalb emergy nesownos must b purchased etwem 6 and
AACUEWh, nol wechnology-apociibe. Subsidies lor enewab b energy projocts.

Altsmaive Energy Requiement tender scheme (no bopeis Tor PV

Fewd-dm tanT: guarmntesd for 20y, The @il Tor 2008 and 2006 ans lated below, alter that
Uhere & 2 2% docnsase for new systems each year, bul tanlls will be corracted according 1o
inflation (ISTAT):

(1) up o 20kW: 4856 kWh (1 and 2 together have & cap of G0 MW),

(2) betwesn X and S0EKW: 4660k Wh,

(3) betwesn SOKW and 1MW 8 ckWh (cap of 40MW)L

(continued overleaf)
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Latves

Lithusnds

L e bsoirg

Malla

Mether ands
Provlaied

Poriwgal
Slovakia

Slovena®

Speanit

Swaden

S toerland

Ll
Kot gboan

Foed-din tardll:
Licenssd before 01062001 double the average sales praoe (1001 cykWh) Tor 8 years, then

redwetion Lo mormal sales prace.
Licensed afver 0106, 2000: Regulator sels the price.
A nabonal investmenl programme Tor RES has been runmng simos 2002,

Fead-in wardl: S 6ct/kWh.

Fesd-im with quota{ 1% of total ener gy consumplion). < S0 kKWpe mwnec palities 256Uk Wh and
privale investon: 45cUkWh (aller the reveon of the law m Tanwary 2004); in addibon,
inveslment subadies up o 405% posabls (s was ako nedwosd Tor systema = 10kKWph

Mo apecifhe PV programme yel, bul reduosd VAT 5% instead of 15%.
Foad-in wardl: 6.5 cl/k'Wh.

Tax incnlves: o customs duly on PV and reduwesd VAT (79%) Tor complete PV ayalema, bul
22%; Tor modules and components. Somw soll loans and subades. A new w was pasied in
Aprdl 2004 that ez for all enewabbe energes have o be approved by U egulator (il
now anly Tor progects Brger than 5 MWL

Feod-in tardl: 41 ckWh < SkWp and 0224 c/kWh= 5kWp. In addition myvestment g badaes
amd tan deductions amn available.

Feed-in tardl &t by regulator each yvear 3 SEE EWh (ca. 26 ot kWh) For 2006, Tax deduction on
income camed. BES food-m tardl in 2005: ~3 el k'Wh.

Feed-in wardT: ather foed pros or electdcly price (8 50T KWh )+ premim.
Undform annusl price: 3746y kWh < 36 KWp and 6.4 6 KWh = 36 kW,
Ulndfiorm anmesl premiiem: 34060 kWh= 38 kW and 3161/ kWh = 30 kWp

Fead-in tardT with cap of 150 MW: 039 £/KWh < 100 kWp Tor 20 yvears (previously Bmdbed 1o
S kW ayatema), with payment on 20% of mied power outpul beyond that; = 100kWp 0 215 &
KW

Ti4s 1an deduction on inves tment 2nd instalstion cost for systems on public buddings
propossd as from begmning of 2005 and for 36 months onwarnds. Electnialy certiflcates Tor
wiiel, solar, Momas, geothemal and small hydio, Energy L enemplion.

Ml metering with feed-in el of min, 015 CHE/ KWL (106 kWh); investment subadies in
some cantons; promotion of volunlary mesunes (ol stock exchanges, groen power
miarkeling).

Investment subades m the ramework of 2 PV demonstration programme. Reduosd VAT,

M Y2407 51T
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Appendix 5: ABBREVIATIONS:

ECCP: European Climate Change Programme

EEG: Erneubare Enegien Gesetfserman Renewable Energy Law
EPE: Energy Plan for Europe, as put forward by the Eun@dission
EPBT: Energy payback time

CPBT: Carbon payback time

FIT: Feed in tariff (guaranteed payment to renewabletredey generator for each
kWhr of power fed into the grid)

GHG: Greenhouse gas

kwWhr: kilowatt hour (of power)

kWp: kilowatts of potential power generation
MWp: megawatts of potential power generation

PV: Photovoltaic(s) — solar power generators basedinlght causing electric
current to flow in a medium

PWC: per Watt of production capacity (e.g. $5 PWC metossts $5 to make a unit
that has a maximum power output of 1 Watt)

R&D: Research and development

RES: Renewable energy source(s)
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