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Abstract:

In this paper a comprehensive evaluation of thgaeuppolicy for photovoltaic installations in the
residential sector of the major European markdgn(ters (Belgium), Germany, Italy, Spain and France
is carried out. To this end, the economic viabitifya household investment in a photovoltaic instiain

is studied, employing a model based on the diseauoash flows of the installation over its lifetime
The results indicate that Italy's support systesilbeen the most profitable out of the countriedistl
since 2010. In general, under current support jgsljcesidential installations are still profitablenost
cases, despite decreasing support levels, exaeppon. Furthermore, the paper demonstrateséelfat s
consumption can significantly increase profits,ezsglly in Spain and Germany. However, Flanders'
policy has no effect on levels of self-consumptiBmally, a comparison of past and present policies
shows the varying levels of success countries eaj@yed in keeping the profitability of investments
stable over the years, depending on the efficieidheir support policy. Germany's support system
might be considered the most balanced one ovdashéve years.

Keywords: profitability; residential photovoltaic installahs; support policy in European Union; self-
consumption

1. Introduction

In recent decades renewable energy sources hadgatlsacome into the spotlight because of numerous
factors such as rising energy prices, pollution dagletion of fossil fuels. Their rise to prominenc
accelerated in the last decade because of polagaements made on an international level, sgartin
with the Kyoto protocol. The European Union hasaglsvbeen a frontrunner for a more ecological and
sustainable world. In 2007 it established the taoféncreasing its share of renewable energy al to
production to 20 % by 2020 (European Commissior)720Photovoltaic (PV) solar panels are an
essential part of the outlined strategy for reaghihis target in many countries (EREC, 2011).
Governments worldwide have developed a numberftdrdnt financial support systems, with the aim
of making the technology a feasible alternativeraalitional energy sources. These support measures
have in many cases indeed succeeded, therebyygmeattasing global PV capacity. A study by the
European Photovoltaic Industry Association (EPIAws that in 2013, over 138 GW of PV capacity
had already been installed, with approximately 5€o¥ing from EU countries (EPIA, 2014). However,
market penetration is not uniform across the E©:game study shows a handful of countries account
for most of the installed production capacity. Eablshows that Germany has by far the largest marke
in terms of total installed capacity in the EU |d@led by Italy, Spain and France. Belgium is thetsi
largest country in the EU with an installed PV aafyeof 2.9 GW. When looking at the capacity inkgdl

per capita Germany, Italy and Belgium stand ouinfrine pack, averaging more than 0.2 kW per
inhabitant.

EPIA splits the European market into three segmamdsistrial, commercial and residential investors.
The residential segment can be primarily distingeesfrom the commercial segment by the nature of
the investor (private or public person), but algotlie regime of retail electricity prices. In tuthg



industrial segment can be distinguished from thmroercial by their respective electricity price
contracts, with industrial investors often havimgatiated nonstandard contracts due to the largene

of electricity they require. However, the segmatit® differ in terms of the average size and capaci
of installations as well as the regulations andsilibs applicable.

This paper will focus on the residential PV segmeéhis segment is usually defined as consistingllof
systems owned by residential households, genew@ffop-mounted and usually capped at a specific
production capacity in terms of eligibility for theubsidy support scheme designed for residential
investors. For example, in Germany, PV systemspofoul0 kWp are eligible for the most favorable
subsidy rates, which are meant for residential ébolkl installations (Bundesnetzagentur fur
Elektrizitat, Gas, Telekommunikation, Post und BEisghnen, 2014). Since regulations and subsidy
systems for every segment are very different irheantry, the market share of each segment is not
uniform across Europe. For example, in Belgium aB0Wso of total PV capacity comes from residential
installations, whilst in Germany residential inktabns account for less than 15 % of capacity f&PI
2014). Absolute numbers for the size of residemtiatkets for all EU members are hard to estabdish,
each country's market is segmented differentiytdwifferent policies in terms of the maximum capac

of installations in a certain segment. In many ¢nags no clear distinctions are made between setgnen
with some regulations being applicable to multgggments, resulting in ambiguous numbers that ¢anno
be used for a comparison between countries. Thea¥gdage residential market share in 2013 was
estimated to be 22 % (EPIA, 2014).

This paper investigates the past and current |lexfetsofitability of residential PV installations ithe
four largest EU markets - Germany, ltaly, Spain Brahce - and Flanders (Belgium). Several papers
have provided an overview of active support scheimese or more EU countries and their results up
to the point of publication. Both Dusonchet andarfetti (2010) and Sarasa-Maestro et al. (2013) give
an overview of the distinct support systems fortpholtaic development in most European Union
countries. After this, a basic comparative econcamialysis is carried out based on a simplified rhode
using the internal rate of revenue as the key nreasfuperformance. The results and conclusions are
quite different for these papers. Some comparisoasather superficial, leaving out relevant cogmntr
specific details and neglecting supportive subsithemes. In practice, these can have a large iropact
the total investment profitabilty for the residehtinvestors, making additional research valuable.
Additionally, profitability within a certain countrcan also differ between geographic locations.
Particularly in large countries, like the four makuropean markets (Germany, Italy, Spain and &janc
different solar irradiation zones might make arestment in a residential PV system more profitable
some regions than in others. Therefore, this pap&rdes multiple locations, all in different iriation
zones, for each of these major countries. The dithis paper is to present a realistic scenario for
potential residential investors that includes elévant policy elements in each of the studied t@s)

and takes into account the different irradiatiome= households may live in. The scenario is then
thoroughly analysed in order to determine the envoa@ttractiveness per location and how the policy
elements in each country influence these resutié.cénsumption, in particular, is not includedi®at
best treated superficially in many studies. In ga@per self-consumption is not only treated asaemial
driver of the achievable profitability of an invesnt, its significant potential for increasing reue is
further highlighted through a sensitivity analysis.

Next to this, most literature shows the attractesmnof an investment only at one date of recording.
Campoccia et al. (2014) make a thorough analysiesitlential PV profitability in a couple of EU
markets. However, the study is limited to one dpedate of record and uses dated investment cost
estimates. Therefore, any comparison or judgmeniitaiolicy efficiency is only valid for that speicif
moment in time. This is an important factor to ték® account. Due to the rapidly decreasing cbst o
PV technology and ever-changing subsidy policie#aifhofer, 2015), profitability results obtained fo
one specific moment in time are not necessarilicative for the effectiveness of governments’ suppo
policies in the longer run. Indeed, to achieveghhidoption level of PV technology in the residanti
sector, maintaining the economic attractiveneshefinvestment over a longer period of time can be
important. A support policy that shows stable padility at the moment of investment over a longer
period of time, will positively influence investmiathecisions and increase the control governments ha



over the amount of new capacity installed (Leeph@nfried, 2013). This paper gives an indication of
policy consistency and evolution over a wider tiragfe by studying the investment profitability ireth
selected countries, not only at one recent timeodrding, but over the past 5 years.

In the next section, a model is developed thatrately replicates the present and past designpcst
systems in each country. The third section pregéetsesults by applying the model to a generiecas
A sensitivity analysis checks the impact of a numbg varying parameters. Also, an economic
evaluation of investment profitability in previoyears makes it possible to compare current and past
support policies. The final section summarizesniost important findings.

2. Methodology

Policy makers have historically given the resicgntarket segment a significant amount of attention
when developing policies to support the adoptioRdfsystems (Avril et al, 2012). As a result, many
different types of support schemes have been inted across the EU. Battle et al. (2012) pointiwait

the support methods for renewable energy sourcesldatricity (RES-E) can be categorized into two
groups:indirect anddirect support. Indirect methods include the fundingedearch and development
for technology on the supply side and positiveitisinatory regulations for RES-E technologynother
indirect support system that is becoming incredgingmmon in the EU is net metering or net billing.
This system compensates residential producerseangtectricity bill for electricity fed into therigl.

Direct support methods offer direct financial supfdor the demand-sided consumer. Both Battle .et al
(2012) and Haas et al. (2011) distinguish betwesatidmethods that aguantity-based@nd those that
areprice-based

When using quantity-based support, the governmeatatascertain quota of renewable energy production
and relies on the market mechanisms to establisfica. In the residential PV sector tradable green
certificates (GCs) are the main quantity-basedidylxcheme. A green certificate is handed to a PV
system owner after a predetermined amount of &égthas been produced. The green certificatespric
and therefore the value of support for residemtiiatlucers, is dependent on the size of the denwand f
certificates from the suppliers. Tradable greerifesates have been the primary subsidy scheme for
residential PV installations in the past decadaffaw countries in Europe (Sarasa-Maestro e2@1.3)

like Belgium, United Kingdom, Poland and Romania.

However, the primary subsidy schemes in the re8te@EU are mostly price-based. Governments offer
a specified amount of support for RES-E technoledych determines the market's demand and
ultimately the amount of capacity installed. Thestngopular price-driven support scheme is the feed-
in-tariff. Feed-in tariffs (FITs) remunerate proéus for their production during a specified perietls
guarantee a specific price for every unit of eleityrproduced or, depending on the particulardédion,

for every unit fed into the electricity grid (thi®cond option is more common in the EU). FITs have
proved the most used support scheme in the EU Hotopoltaics in the past decade. All the major
photovoltaic markets within the European Union +1i@a&ny, Italy, France and Spain - are currently
applying FITs for small residential PV installatoor have used them in the recent past. Other-price
based incentives include investment subsidy graakscredits and green loans that offer a reduced
interest rate for investments in RES-E projects.

In most of the world's major markets the subsidjcgdor photovoltaics in the last decade has cstesi

of either FITs or GCs combined with other supperiivcentives such as grants, tax reductions omngree
loans. Worldwide more than 60 countries have putlate a subsidy system based on FITs, while 10
other countries implemented a certificate systeel @o and Mir-Artigues, 2012). Table 2 summarizes
all the different support measures discussed abbive.support measures and specific remuneration
conditions applicable in each country at the fifsianuary since 2009 can be found in Table 3.€rabl

is not an exhaustive listing of all incentives #aalie in each year. Instead, it represents the®tpp
schemes that are both possible and the most fafneitractive under the generic case assumptions.
For example, the subsidy on green loans availabiadnders up to 2012 is not included because the
investment is completely self-financed with equitythe generic case. The self-consumption rat®is 3
%, unless exporting all production into the gridnsre profitable, in which case it is set at zdtras



clear from Table 3 that over the past decade, RGTGC reimbursement rates have dropped signifigant!
in all countries employing them. This means théissily policies can usually not be regarded as being
stable over a long period of time. Tariff degressi@re very frequent. In most countries they are
announced long beforehand to avoid investor uniogytdLeepa and Unfried, 2013). Bazilian et al.
(2013) indeed point out that to avoid excess @dbt PV installation owners, policy makers have to
keep up with the evolution of the PV market. Thegularly re-evaluate subsidy policies and
remuneration rates in order to keep them in lir wie decreasing investment costs. It should bedno
that many subsidies are not constant during a lyeaare updated monthly or quarterly. However, by
recording the parameter values at the same datg gear the evolution of support can be illustrated
The 1st of January is chosen as the date of renardch year. It should be noted that in Flandats a
Spain retroactive adjustments were made to songdukates. However, the purpose of this paper is t
determine the investment attractiveness at the mbthe investment decision is made, in other words:
the perceived profitability at the moment of invesht. Retroactive adjustments do not directly ierfice

the investment decision as they cannot be prediétedsuch, these adjustments should not directly
influence adoption rate of new PV systems. Indiyecepeated retroactive rate decreases can affect
investor confidence, but this effect is beyondgbepe of this paper.

In order to make a proper and relevant comparidosubsidy policies for photovoltaics between
countries it is necessary to establish a commatirgigpoint for all the countries included. Thenefp
the first part of this section presents a geneagef an investment in a residential PV instalfatn
January 12014 that will form the basis of the comparatigegarch. The installation studied is rooftop-
mounted with polycrystalline silicon panels (whiate the most common ones (Leloux et al., 2012)).
The investment will be financed entirely by equity loans are taken out to fund the purchase and
installation cost of the PV modules. The furthetade of this generic case can be found in TablEh&
initial investment cost per kWp is uniform for atudied countries and based on the cost in a ‘matur
PV market, i.e. the German market. This ‘maturetkebassumption reflects the ongoing convergence
of system prices in the EU (Renewableenergyworid,c@011; EPIA, 2011). Furthermore, this
assumption allows for the usage of the most recemstment cost estimates, directly from market
surveys in Germany. Since prices for PV technolmgydecreasing rapidly, this method should deliver
more accurate results than using more dated sofoced the studied countries. This paper doeg tak
into account the different VAT rates for PV systemeach country. The annual electricity price @asge

is also uniform as specific growth rates for thiéetlent countries are impossible to predict acalyat
and are assumed to balance each other out ov2bthear lifespan of the PV panels.

Further we assume that the residential PV instafigiroduces the same amount of electricity in each
location. However, as the electricity yield pertwfisolar irradiation is different in every seledt
location, installed capacities will also differ. Getermine the capacity of the installation in each
location, the yearly irradiation values for eachtaf selected locations are requested in the Earope
Commission Joint Research Centre PVGIS software Wéith this tool the energy produced per kWp
(i.e. the yield) can immediately be calculatedirtgknto account both the specific solar irradiataf a
location and the performance ratio (indicating hatwate solar irradiation is transformed into
produced electricity). This ratio depends on thgmitade of system losses as well as on the
orientation and slope of the installation. Systessés are the result of the efficiency factor ef th
panels and the inverter and conduction losseshlincg They are set at 14 %. As it is very rare for
rooftop-mounted residential PV installations to daw optimal slope and orientation, we take into
account a suboptimal slope of 45° and a south-eastentation. Together these inputs result in a
performance ratio of approximately 76 %, whichassistent with assumptions often made in
literature and with conducted surveys (EPIA, 2Qdpux et al., 2012). For each country, three major
cities are selected as studied locations. Theifisicated in the northern region of the couritng,

second is centrally located and the third is lat&tethe south. In this way, the range of irradiati

values in each country is adequately covered bingevlocation with low, middle and high solar
irradiation. For Flanders only one location is stdd as the differences between locations in this
region are negligible. Table 5 shows the irradratialues, the yield for each selected city, theuahn
production and the required system capacity. Tlieafdife value of recently installed photovoltaic



systems is hard to predict. It is unclear whichhrodtof disposal will be dominant in a few decades
and what the associated costs of disposal wilHosvever, the impact of this unknown factor on the
profitability of the residential owner is likely twe minimal. In 2014, the EU included solar wastég
Waste Electrical and Electronic Equipment (WEEE)EDIiive. The Directive dictates ‘extended
producers responsibility’ for PV systems, i.e.,dqaroers are responsible for financing the takindgbac
and disposing of PV modules. End-users will noteni@vpay any additional cost to dispose of their PV
modules (solarwaste.eu, 2014). As each countsgsired to transform the WEEE Directive into
national law, end-of-life value is assumed to bgligent for residential households and therefore ca
be omitted from the case study performed here.

To measure the performance of the presented caselmof the locations, we built an Excel modetbas
on discounted costs and discounted revenues. Fedasteflows are assumed to take place at the end of
the year in which they are incurred or generated.

The totalcosts over an installation's lifetime are composed duthe three elements shown in Eq. (1).
The first part represents the initial investmendtcobtained by adding the applicable VAT to the ne
investment costNetC) of the PV installation. The middle part of the atjon is the cost for replacing
the system's inverter. It is obtained by multiptyithe installed capacity in KWECAP) by the
replacement cost per kWp installedlaceC) As replacement takes place halfway through tseesy's
lifetime, its value is discounted in the 12th yeke third part represents the total present vafube
annual maintenance and insurance castss the percentage of the net investment cost spent
maintenance and insurance each ye&r the discount rate.

Total costs = (NetC X (1 + VAT +(CAP x replaceC)
otal costs = (Ne ( ) A+ )T

_ -25
+ |(m X Net(C) x% (D

The net investment codilé¢tQ depends on the capacity installed as well a¥/tkE rate, as shown in
Table 6. Since there are two VAT rates applicablElanders, they are evaluated separately. The VAT
rate is 6% for installations placed on housesdhatmore than 5 years old. This is defined as @ien
Flanders a’. It is 21% for installations on houies are not yet 5 years old, defined as ‘sceridanders

b’. As stated in Table 4, the inverter replacemeost amounts to 200 €/kWp. Together, annual
maintenance (0.5 %) and insurance costs (0.5 %) &sef theNetC

The first type ofrevenue from PV is gained through thdirect subsidy paymentim the form of a feed-
in-tariff or green certificates. These instrumeats gradually losing their importance as the market
matures. Italy and Spain have completely scrappaidsubsidy tariffs for residential plants. In fdiers,
green certificates are no longer available for mestallations. In Germany and France a FIT for all
electricity fed into the grid is still in force. ltaly, another type of direct subsidy, i.e., a teduction

of 50%, is available. Half of the net investmengtaman be recovered in the form of deductions filoen
household's tax bill in the first 10 years aftar ifivestment. Eq. (2) models the discounted vditieese
different types of direct PV subsidies.

L FIT x [(1 — ) X ((vield x CAP)(1 — (i — 1)D))]
(1+d)t
(yield x CAP)(1— (i —1)I) J t XNetC

+2 1000 +2

_ (1 + d)! L (1+d))
i=1 j=1

The first two terms represent the discounted vafdeed-in-tariffs and green certificates subsidiesr
the total period for which they are grant&dl is the amount of money received per kWh fed ihto t
grid andGC is the price at which PV users can sell theirifiestes, received for every 1000 kWh of
productionl is the number of years these schemes provide payafter investmentieldis the amount
of energy produced per kWp if the PV panels arpérfect condition. Yield values are found in the
fourth column of Table 5. It should be noted thwa (tyield x CAP) term is always 4500 kWh in the
generic case. The self-consumption siteeeds to be included in the equation since ordypidut of

Direct subsidies = Z
i=1

1
GC %

(2)



production fed into the grid and not self-consumexd(1-s),is remunerated by most FITs. The annual
degradation rate of the PV panels is representedTiiae third term depicts tax deductions, witheing

the period they are active ahthe percentage of the net investment cost thabeareducted. Table 3
shows that the applicable feed-tariff rate at tlegifning of 2014 is 0.1368 €/kWh in Germany
(Bundesnetzagentur fur Elektrizitat, Gas, Telekomikation, Post und Eisenbahnen, 2014) and 0.1454
€/kWh in France. In Italy, taking the example offR®oto illustrate the tax credit, investors caniegt
2537.5 € of the 5075 € net investment in the gerease. This means that 253.75 € can be reclaimed
annually for the first 10 years after the investindio take full advantage of this incentive an imeo

tax bill higher than the annual deduction is neefdedeach of the 10 years. It is assumed thatishis
always the case.

The second type of revenue from PV comes femrargy cost saving3hese are less straightforward to
guantify than direct subsidies. One part of thaérggs/on the electricity bill comes from the decees
demand for energy from the grid. Since a sharehefgroduction from the PV installation is self-
consumed, less energy is required from the griccdDfse, it is assumed that the household's eliygtri
consumption level and pattern remains the same theesystem's lifetime. The savings from self-
consumption are represented by Eq. (3).

Self — consumption savings
25

_ [(CAP x yield)(1—(n—1DD]xsx[P,(1+g)" 1+ 7] ]
B ; 1 +d)" ®3)

n is the year of operation with the total lifetimeirme equal to 25 year®; is the retail household
electricity price in the first year arglis the annual increase of the retail electricitigga Z represents
possible self-consumption premiums. Currently treagenot available in any of the countries studied,
but they have been in the past and as such wilidleded when support in previous years is modelled
Table 7 gives an indication of the size of yeamyf-sonsumption savings in the generic case by
presenting the numbers for the first year. Thetatgty prices are retrieved from Eurostat (20133.
stated in Table 4, the self-consumption rate ingéeric case is 30 %.
Besides self-consumption, the other part of savimgghe electricity bill comes fromet metering
schemesin so far as they are present in a particulamttgu Eq. (4) models the discounted savings
possible from net metering. It consists of twoelifint terms. The first represents the situatioyearn
where the amount of locally produced electricitgttts fed into the griddfed,,), is smaller than the
amount of electricity withdrawn from the grid, i.purchased from an electricity suppli€d¢awn,,).
In this situation, savings on the electricity laite realised by reimbursing the amount of electyri@d
into the grid at the reimbursement rgtdor that yearThe second term represents the situation where
the amount of energy fed in is actually larger tt@amount withdrawn for that year. In this scanar
all the electricity purchased is reimbursed at ratén Italy, it is also possible to receive remunemati
at rateh,, for the surplus of electricity fed into the grisl@ompared to withdrawals. Bathandh,, can
be expressed as a percentage of the market eitycpicce B, in yearn. Egs. (5) and (6) calculate
respectively the electricity fed into the grid aheé electricity withdrawn for year. U represents the
annual electricity consumption of the household.

Net metering savings

_ N (Efedy x73)
h (1+ d)n

Y (4)

n
N i (Edrawn, x r,) + [(Efed, — Edrawn,,) X h,]
] 1+ a)n
n=

X and Y are binary variables

X =1V n for which Edrawn,, > Efed,, ,X = 0 otherwise

Y =1V n for which Edrawn,, < Efed,,Y = 0 otherwise
Efed, = [(CAP x yield)(1— (n—1)D](1 —5) (5



Edrawn,, = U — [(CAP x yield)(1 — (n— 1)l )]s (6)
To clarify the specific net metering schemes adtiveach country, the calculations for the firsayef
operation of the generic case installatjonl) are demonstrated. Net metering is currently onbsibly
in Flanders and ltaly. The generic case instaltatiall generate 4500 kWh of electricity. Self-
consumption is assumed to amount to 30 % of aliggngenerated, so 1350 kWh. The remaining 70 %,
equal to 3150 kWh, is fed into the gfid Efed,). Since total household consumption over the Y&ar
is 4000 kWh, another 2650 kWh Edrawn,) has to be drawn from the grid (= 4000 - 1350 k\Wine
amount of energy fed into the grid is considerdatger than the amount withdrawn. In Flanders the
reimbursement rate for electricity fed into thedgd equal to the electricity pri¢e, = P,). Since more
electricity is exported than imported, the eledlyibill at the end of the of the first year wilelequal to
zero. In Flanders, there is no remuneration fatetaty fed in surplus of withdrawals, #g, = 0. Hence,
total net metering savings in Flanders are equidleéanarket value of the electricity drawn from gniel
(= 575 € = 0.27 €/kWh * 2650 kWh). Calculating thenefits from the Italian (Scambio sul Posto) net
metering scheme is more complex. In Italy the el@tt fed into the grid is not deducted from thié b
at the full electricity retail price, as is the edn Flanders. The rate of reimbursement is leas the
market price because charges and taxes, which opakesignificant part of the retail electricity qej
are excluded from the reimbursement rate. Hemces, assumed to be 70 % of the market electricity
price P, (fotovoltaiconorditalia.it, 2013). With a market efecity priceP; of 0.229 €/kWh (Eurostat,
2013),r; is equal to 0.16 €/kWh. As the amount of eledlyitd into the grid is larger than the amount
withdrawn, all of the purchased electricity carcbenpensated. This amounts to a reimbursement on the
electricity bill of 424 € (= 0.16 €/kWh * 2650 kWhAs stated previously, an additional reimbursement
is available for the surplus of electricity injedtito the grid over the electricity drawn fromlit. the
first year of the presented case, this surplus amsdo 500 kWh (= 3150 kWh - 2650 kWh). The surplus
is remunerated at a rate that represents onlyaheatue of electricity, excluding not only taxbst also
network and other service costs. The raw pricdesftgcity is assumed to be 50 % of the retail &leity
price for households in Italy, i.e1, is equal t00.5B, (European Commission, 2014). The resulting
reimbursement of the surplus amounts to € 57 (=*0x229 €/kwh * 500 kwh) in the first year.
Summing up the two elements of the Scambio SuldPasteme, the total net metering compensation
equals 481 € in the first year of operation. Imr@any, Spain and France there is currently no litips
concerning net metering so no savings of this &rpgossible. Table 8 gives an overview of net rireje
savings in the first year.
As the aim of the model detailed above is to pre\ad estimation of the profitability of an investihe
in PV from the point of view of the average houddheapital budgetingvaluation criteria are
appropriate (Belién et al., 2013). The first periance measure evaluated is the payback period (PBP)
This measure indicates the number of years negefsathe investment to be recovered. From an
economic point of view, it could seem rather inaatel because it does not factor in the time vafue o
money and it does not take into account the retaftes the initial investment has been recovered.
However, for the residential consumer, it is thestmonderstandable and uncomplicated criterion
available and many households rely primarily onaglyack period calculation when considering an
investment in PV. Since this paper aims to investighe attractiveness of a PV investment from the
perspective of the household investor, the PBR im@ortant evaluation criterion. The second cidter
the net present value (NPV), gives a more accyiatere. It calculates the total profitability diet
investment over its operational lifetime by takimgo account all ingoing and outgoing cash flows.
Future cash flows are discounted to represenirtiealue of money. The third criterion is the mis
rate of return (IRR). This is the percentage vétuevhich the NPV of all cash flows resulting frahe
investment is zero. If the IRR is higher than th&cdunt rate, then the investment is economically
worthwhile. It is useful for ranking the profitaityy of different possible investments, or for the
evaluation of an investment made in different caest as is the case here.



3. Results and discussion

By applying the generic case assumptions to theldped model, the profitability of a PV investment
in each location is obtained. The importance ohaategory of revenues for all countries is inygggd.

In the next part of this section, a sensitivity lgses is performed. The amount of electricity tisaself-
consumed, can affect the results obtained for #reeigc case. By varying this parameter, the total
profitability of the PV installation is altered sifjcantly in some countries, depending on thetivac
support policies and the local electricity pricdiso, the effect of varying the discount rate, ¢hectricity
price growth rate and the panel degradation rathécked. These are uncertain and uncontrollable
parameters that could possibly turn out to havaesthat deviate from the assumptions in the generi
case. In the last part, the evolution of the patiiity of a PV installation over time is investigd by
applying the support policies used in previous g¢artthe model.

3.1. Results for the generic case

Table 9 shows the results for the generic casen B&t 6 % and 21 % VAT scenarios in Flanders offer
a PBP of respectively 9 and 10 years for invesfagares which seem very reasonable and should be
able to encourage households to invest in PV iasitahs. The claim of the Flemish Energy Agency
(VEA) - that under current market conditions greertificates are no longer necessary in order taiob

a return on investment of at least 5 % (VEA, 201i3)confirmed by Table 9. Along the same lines, th
NPV and IRR show that an investment in PV guarantedigh level of profitability. Germany and
France perform worse than Flanders on all threéuatian criteria, having a longer PBP and a lower
NPV and IRR in all locations. Nevertheless, Gerrhanseholds can still be assured of a reasonable
profit. In France, the attractiveness of the inwvesit very much depends on the location. In thehnort
(Paris region), the NPV is negative, while in tleater and south of the country reasonable profitabi
can be assured. ltaly is by far the best perforstawwing a payback time of only 6 years in all ¢hre
locations. The NPV is approximately double thaFlainders and the IRR of the investment ranges from
16.7 % in the north to 19.6 % in the south. PVeysbwners in Italy clearly profit from the simultous
availability of a direct subsidy (tax credit) andiet metering regulation. The most remarkable tésul
the very poor performance of Spain. Despite hatliegocation with the highest solar irradiationadif
studied countries (Seville), the NPV is still negathere, while the IRR is far below the discorate,
which will discourage profit-seeking residentiav@stors. In the center and north of Spain, investme
is even less attractive.

In Figure 1 the discounted cumulative cash flovesrapresented. For clarity, only the centrally teda
city of each country is included in the figure (Bsels, Frankfurt, Rome, Madrid and Lyon). The other
locations in a country have a similar graph patesrthe centrally located ones, but follow a slight
higher or lower trajectory because of a differemcanvestment cost. Initial investment costs are
generally lowest in Spain, Italy and France, whigre solar irradiation is highest and the smallest
capacities are installed. The extensive level gipsat in Italy and the lack of any kind of support
mechanism in Spain is immediately clear. The irarereplacement accounts for the drop in the
cumulative cash flow in year 12. In both Germangt Brance, the rising trend diminishes after thdn 20t
year because FIT payments end. Since Figure 1 stigasunted cash flows, the point in time in which
the cumulative cash flow is more than zero actusitigws the discounted PBP. This is several years
longer for each country than the regular PBP inld8bIin Spain (Madrid) the investment is nevedpai
back according to the discounted PBP.

Figure 2 shows the composition of the total lifetinevenues of the PV installation in each courtry f
the centrally located city. Since the total produrctis the same everywhere (4500 kWh), the total
revenue of the PV system will be the same for éaadtion within a country. In France the possilai-s
consumption savings are the lowest because obthelectricity price. Since German electricity jgsc
are very high, the savings possible from self-camsion are the highest here. In the other countiies
self-consumption savings are almost the same beadsmilar electricity prices. Due to a lack oifya
supportive regulations for household PV systemSpain, total revenue is significantly lower than in
other countries. Net metering accounts for a laigare of the total revenues in Flanders and ltaly.



Because only 30 % of the electricity produced I&@msumed in the generic case, up to 70 % of the
production can be remunerated using this mechatiglaed, because the electricity fed into the grid
larger than the amount withdrawn in most yearsgetigorted electricity compensates fully (at thaitet
electricity price) all of the electricity drawn avthe year. Only in the final years of the instidia's
lifetime does the amount of exported electricitgdraes smaller than the amount withdrawn due to
degradation of the panels. The Italian net metesangngs are less because the exported electiscity
only partially compensated at a rate below thalrete.

3.2. Sensitivity analysis

In the previous section, the results obtained wietermined by a number of assumptions, based on a
careful literature study and up-to-date informatimmcerning the retail PV market. Because the igoal
to provide well-balanced and critical results, sissumptions made are rather conservative. Tottlis e
two additional analyses are carried out. In thet fimalysis, the effect of self-consumption onttiel
profitability of the investment is investigated.the second analysis, the combined effect of a mamb
of uncontrollable and uncertain parameters is stlidiith the help of a Monte Carlo simulation. Usles
stated otherwise, all other parameters remaineatdfue assumed in the generic case. All the esult
this section will be in terms of net present value.

There is a global trend towards meedf-consumption in the PV sector. Self-consumption reduces the
need for active subsidy support, in the form ofd~8hd net metering. At the same time, it also resluc
administrative costs and the burden imposed oeldwtricity grid because less electricity is dravam

and fed into the grid. The self-consumption ratgerferated electricity is fixed at 30 % in the gene
case. However, it is possible for households teeimse this share by changing their consumption
patterns. Of course there are limits to this polestbA certain amount of electricity will alwaybe
required in the evenings and during the night, lighting and keeping appliances running. The
percentage value of the self-consumption paraneti@icreased in increments of 10 %, starting from
zero. Although high self-consumption rates of 7@f4nore are unrealistic in most cases, it could be
possible that a small capacity system is combiniéa avhigh level of consumption. High rates camals
represent the use of PV storage technology. Apdlsibility for self-consumption is limited to thart

of the day in which sufficient solar irradiatiorafdight) is available, storage technology couldatjse
improve the amount of self-consumption possibldté®g systems are slowly finding their way onto the
residential PV market. However, these storage systee still costly and need subsidies to be poltt

A full study of the effect of storage systems amtibtal profitability of a residential PV systenbisyond

the scope of this paper. The results in FiguredBate a positive effect on the NPV of an investiizan
the self-consumption rate of the household incre@semost countries. It should be noted that self-
consumption rates above 88.88% are not possibldnéogeneric case, as indicated by the striped.line
That is because the household consumption levéidérgeneric case is only 4000 kwWh whereas the
installation produces 4500 kWh.

Only the central locations in each country areudet in the figure, as the other locations show onl
slightly different results. Spain and Germany shibg/greatest rise in profitability for every incsedn

the self-consumption parameter value. In Spainirntestment becomes profitable at approximately 40
% self-consumption. If 70 % or more is consumedsib®- the NPV is about the same as Flanders.
Because of the high solar irradiation, an incredsee of self-consumption can make the generie cas
investment profitable without any need for suppéithough solar irradiation is much smaller than in
Spain, German PV owners can also gain significamtyer profits by increasing their share of self-
consumption. The combination of a high electripitice and a FIT that is much lower than the eleityri
price, encourages PV users to consume as mucleiofggnerated electricity as possible. The German
government is one of the first countries in theld/éo begin subsidizing PV storage systems (PV;tech
2013). This means higher self-consumption ratestla@desulting higher lifetime profits could indeed
be easily attainable in the near future in Germémizrance the incentive for self-consumptionnsited
because of the low electricity prices. At the mometectricity prices are only slightly higher thtre

FIT rate, so the benefit from self-consuming rattiean exporting to the grid is minimal. Flemish
households do not have any incentive to consurnie dia produced electricity. As Figure 3 shows,
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profits stay the same no matter how much produdi@monsumed on-site. This is caused by the design
of the Flemish net metering scheme in which eacl Iof\electricity produced can be fed into the grid,
for a reimbursement that is equal to the retattelgty price. Hence, either produced electricgyself-
consumed and a kWh less has to be purchased fmlehtricity supplier, or it is exported in which
case itis reimbursed at the retail price thankbemet metering scheme. In other words, theame iseed

for self-consumption as the Flemish’ net metericigesne allows for the same amount of savings. The
household electricity bill will amount to zero &etend of the year as long as the amount of edégtri
produced over that year is higher than the amoithtivawn. From the government's point of view, this
policy is counterproductive in economic terms. Metering results in a higher market electricitycps

as electricity suppliers pass on the costs to aoasst Self-consumption can have the same savings
impact for households as this net metering scharhie decreasing the burden on the electricity grid
(which lowers the need for grid capacity investrsgnHowever, the net metering scheme makes
households indifferent as to whether they are @ailsuming or not. Net metering is a useful tool to
reward household PV owner for their PV productidnfortunately, the full retail price paid out ineth
Flemish scheme, disincentives self-consumption wettlices its positive impacts. The Italian net
metering scheme makes more sense from this perspeBy only partly compensating for electricity
fed into the grid, self-consumption is still encaged as it results in larger savings than the eé¢mnmg
reimbursement for purchased electricity. A partigiimbursement net metering scheme could also
remove the need for a grid compensation fee, payaphll PV owners, which the Flemish electricity
grid operators are demanding to be introduced dddeurrently Flemish PV owners pay no contribution
for the use of grid, while they burden it twicenasch as other consumers (by both feeding and dgawin
electricity from the grid). Grid operators claimattsome sort of adjustment is needed. The demanded
grid compensation fee was introduced in 2013, kag repealed shortly after because it was judged as
unlawful. Now other methods, like a new tax, arenpeghought of to eliminate the imbalance (Izen,
2013). A partial reimbursement net metering schevhé;h values all production fed into the gridlze t
price of raw electricity instead of the retail gricould present a more elegant solution. Howekes,
does require the replacement of the mechanicalrigiég meters, currently present in most housesold
in Flanders, by 'smart’ digital meters. The meataneters simply count forward when electricity is
drawn from the grid and backward when electrigitfeid into the grid. Digital meters can actuallyicb

the amount of electricity injected into and drawonh the grid separately, making specific net matgri
reimbursement rates possible. PV storage technaogently has the most potential in Germany and
Spain. In those countries a higher amount of smifsamption can greatly increase the profitabilitya o
PV installation. Due to the partial net-meteringcimenism in Italy and the small difference betwéen t
electricity price and the FIT rate in France, PMage has less potential in those countries ahtiteent.

In Flanders, it is currently rather useless becafigige current net metering scheme.

Most of the assumptions made for the generic casstable at the predetermined value, either becaus
they are part of legislation, such as subsidy raiedecause they have been observed in real world
situations (current electricity prices, system sppanel yield). The household consumption level an
the self-consumption rate are within the controlttef PV system owner. However, there are three
uncontrollable parameter s that cannot be determined at a specific value arhcertainty. The future
growth of the household electricity prig) can only be forecasted, and depends on numerotsda
The discount rate applicable for the investm@his dependent on the long-term inflation rate dred t
investment risk in the country in question. Botlolge over time as economic conditions change. The
third unknown parameter is the PV panel degradatom(l). Several longitudinal studies have been
performed in the past that give an indication af/lvdder PV systems perform. It is, however, impblesi

to measure the degradation rate of more recenthufaatured PV panels over 25 years. The potential
impact of these future uncertainties on the investnprofitability are analysed with a Monte Carlo
simulation (1000 iterations) in which the NPV faich country’s central location is calculated with
randomly generated values for the three uncertiarpeters. The annual electricity price grovghig
assumed to be normally distributed with a mean%f 8nd a standard deviation of 1.5 %.. This implies
that it is 90 % likely to be 5 % or less, whictalso the highest value of the forecasted scenarigBIA
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(2011). The discount rafd) is also normally distributed with a mean of 5 % argtandard deviation of

1 %. This represents a fluctuation of adjusted tamgn government bond interest rates around aylikel
level of 3 %, while the risk premium of the invesimh remains constant at 2 %. The degradation(lhate

is lognormally distributed with a mean of 0.5 % anstandard deviation of 0.25 %. These values were
based on data in Jordan and Kurtz (2013), whickéddshow that the reported degradation rates of pas
studies are right-skewed. Table 10 summarizes dinengeter distributions and values. Figure 4 shows
the results for each country’s central locatiom ifiukey box plot. The simulation indicates satisfac
results in Italy (Rome), with a NPV of about 500th&ase of bad future conditions and up to 17000 €
in the best scenarios. In Flanders (Brussels)etigmlso a lot of potential for additional profas
compared to the generic case for both scenariog(p000 € for Flanders a and 14000 € for Flanders
b). Only in the case where the 21 % VAT rate onitlvestment is applicable, a small negative NPV is
possible, but this is very unlikely. These resintlicate that risks are minimal in Flanders anty léand
uncertainty about profitability should not deterefal residential households. Even if all threeentain
parameters have very poor values from a profitglylerspective, the NPV is extremely unlikely to be
negative. In the best cases, the NPV more thanlé®ab compared to the generic case in these @aintr
This shows that there is a lot of potential foritddal profits. Therefore, from an investor's poaf
view, an investment is always advisable in thesmti@es. Germany (Frankfurt) shows a negative NPV
for a small fraction of the Monte Carlo iteratiobsit the risks are fairly limited. Positive profitan be
assured if not all parameter values have poor galdewever, the upside potential in good scenasios
restricted as compared to Italy and Flanders withigper limit of about 6000 €. Installations in fica
(Lyon) have a slightly negative NPV in 25 % of Swenarios. Hence, there is certainly some uncéytain
about the future profitability of PV installatioitsFrance as a consequence of the unpredictabflitye
studied parameters. In Spain (Madrid), the NP\eigative for the generic case and for more than 75 %
of the Monte Carlo iterations as well. In the bease, a small positive NPV is achievable, but the
probability of very small. Investment in Spain isrrently unlikely to be profitable, even if the ¢ler
uncertain parameters should have favorable values.

3.3. Support history

We now analyse the evolution of PV support schemwes recent years by relying on Table 3. The data
in Table 3 are fed into the model and the IRR tsseim since it is the most suitable performance oneas
to evaluate the profitability of a PV investmeneothe years (the NPV is not appropriate sincénitial
investment values differ over the years; the PBRotsappropriate because it favours years where the
combination of support incentives is frontloaddeigure 5 shows the IRR for each country’s central
location from 2009 until 2014. Except for 2009)yithas the highest result every year. The high stpp
levels make investment interesting but it couldabgued that support was rather inefficient from the
government's perspective. Because budget capsatetscpn the number of new PV systems eligible for
support, not all potential investors could be reaclOnly the ones that registered their instaltatie
earliest could benefit from the high IRR, the othexrceived no support. Lower rates could havecitita
more investors at the same budget cost. Flandgpgost is the highest in 2011. Around this time,
Flemish policy makers started to realize subsidie® too high. PV investors were able to make vatdf
profits while the price of grey electricity for @ther consumers rose as the cost of the subsitikied
down to their electricity bill. Residential investnits skyrocketed in that year, as households séedmb
to install PV system before lower subsidy ratesabez active. Installed capacity more than doubled in
2011 (Jespers et al., 2013he IRR falls to a more balanced level after #&tructuring of the green
certificate scheme. However, subsequent to the 28ddm’, the market collapsed, with significantly
less capacity added in the following years. Thé& lafcstability in the subsidy policy discouragetba

of potential investors and had an adverse effechamy businesses in the PV sector. These resulig sh
that the government should have adapted greeficateivalues faster, in order to provide a moablst
investment attractiveness by reducing the ove Ipirofits possible up to 2011, followed by a marke
stagnation afterwards. This confirms the conclusmade by Belién et al. (2013) that PV in Flanders
was over-subsidized during this period. Germanypsrt system has arguably been the most balanced
over the period studied. Until 2012, the IRR is éo\than in the other countries studied. Howevas, it
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also clearly the most stable subsidy scheme wghRR at a constant level between 6 and 8 %. This
level offers a very reasonable level of profitdbilfor potential investors while not increasing
government's support costs more than necessarge 3ire IRR is very constant over the years,
households also feel less pressure to make antinget decision before a certain date, reducing the
adverse effects of ‘booms’ and ‘busts’ in newlytalied capacity. This stability plays a large risi¢he
high adoption rate of residential PV in Germanyiniyithe studied time period, which consistentlygtio
the most newly capacity installed each year oulbEU countries (except for 2011, in which Italy
installed more) (EPIA, 2013). This shows that notyahe projected profitability of a PV system is
important for potential investors, but a stable tmdsparent subsidy policy that is easily avadatan
also be a critical success factor for the wideeseaoption of PV systems. France's support shows a
similar consistency, aside from an outlying resu010. However, a trend is visible in the IRRvdlp
decreasing ever since. Spain has attractive ratesusn up to the moment FITs are abolished halfw
through 2012. Yet, this result doesn't tell theirenstory. Spain already encountered an uncontrolle
‘boom’ in PV deployment in 2008, because of a possdt-up tariff scheme that handed out excessive
subsidies to large-scale investors. After thisyesukge in deployment, government set up stricacip
guotas and introduced much lower tariffs, whichngigantly slowed down the residential market.
Finally in 2012, the Spanish government, looking fiays to cut the spending budget, completely
abolished all tariffs for PV. Clearly, this furtheeduced not only the financial attractiveness of
investment, but also the confidence of potentia#tors. The Spanish example again shows the danger
of an uncontrolled ‘boom’ caused by an unstable B the need for a balanced and thought-out
subsidy policy. The increase in IRR from 2013 td£0Chowever, indicates that residential PV systems
could become profitable again in the years to cbemause of the combination of dropping system grice
and rising household electricity costs.

4. Conclusions

In this paper a model is presented that measueggrtiitability of a residential household roof-tBy
installation in the major European Union countriesofits emerge from two different sources. Firstly
some countries offer direct subsidies in the fofrfeed-in-tariffs for electricity fed into the grahd tax
credits. Secondly, a PV installation also genersa®gs on the household electricity bill in tways.
The amount of grid electricity needed can be redib@zause part of the PV installation's produdson
self-consumed. In addition, the electricity witharefrom the grid can be offset against the instialtés
excess production in countries employing a net rirgesupport system. A realistic case for an
investment in a PV installation is developed, usirggries of assumptions that are representatianfo
average household in the EU. To take into accdumtirnpact of different levels of solar irradiation
within countries, different locations are includém each country (except for the small region of
Flanders). The results show that different locatiaithin a country, which are eligible for the same
support measures and face the same investment, @astsindeed have a significantly different
investment profitability because of the differemcéradiation levels.

In Flanders, although all direct support measu@s theen abolished over recent years, residential
households are guaranteed a solid profit margithein investment. This is in line with the claimtbog
Flemish Energy Agency (VEA) which states that #sgently abolished green certificates were no longer
necessary in order to guarantee at least a 5 ¥hir@tithe investment. The net-metering scheme cilyre

in place offers adequate returns over the lifetiindne PV installation. Nevertheless, the Flemishcy

can certainly be improved upon. The net meteringes®e is set up such that self-consumption of
produced electricity by households is not encowtageking households indifferent as to whether they
use the electricity themselves or feed it intoghd. Italy's support is the most profitable fosidential
investors. The combination of net metering andrg generous tax credit of 50 % leads to the highest
level of profitability and the lowest payback petiof all countries included in the study. However,
could be argued that an IRR of 16 - 18 % is muginéa than should be necessary to attract investors,
and wastes budget resources. Germany and Frantteearely two countries included in this paper that
still use FITs. In Germany, the IRR ranges from % 9n the north to 7.6 % in the south. This profit
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performance should be adequate to attract inveatwoss all irradiation zones in the country, urtter
assumptions made. Since the German FIT is muchrldives the household electricity price, self-
consumption is strongly encouraged. In Francediatéon levels vary significantly between the north
and south. Hence, profitability is rather dependenthe location of the PV system, with an IRR of n
more than 3.8 % in the northern region, as compar8# % in the south of the country. The diffex@n
between the electricity retail price and the Fliera France is minimal. Therefore, there is miessl|
incentive for self-consumption than in Germany.iSgathe only country included that currently does
not offer any kind of support measure to residéM investors. Hence, a residential PV investment
similar to the generic case is currently not ecacally interesting with a payback period that spans
almost the entire installation's lifetime. Desphe high level of solar irradiation, the IRR islistinly

3.3 % in the south of the country. However, thagh Bolar irradiation levels in combination witreth
high electricity prices, result in a strong inceatifor self-consumption. Therefore, smaller capacit
installations, that enable owners to self-consusmmach produced electricity as possible, are likely
be more appropriate for the Spanish residentiaketar

After the analysis of the present situation, thel@ion of support over recent years in the différe
countries is compared. The support history ind#tat the highest possible profitability level oot
always equate to the best policy. A stable andistamg policy reduces the highs and lows in investo
demand and leads to a more manageable steady gobtith market. Italy has offered the highest IRR
in all years since 2009. Although the high IRR cioattract a lot of interest, the subsidies onlydfieed

the investors who were able to register their Patalhation first, before the set quotas were filigd
Profitability for households was much higher inriglars in the past. Up to 2012, the IRR was vergeclo
to the Italian level. The abolition of the greemtifieate system has since brought down the excelsi
high potential profitability to a more balanceddévGermany and France managed to keep the IRIR fair
stable over the years. Germany in particular dagkb&cause of the continuously monitored FIT gyste
in which the tariff is reduced quarterly at a rdependent on the number of new PV installatiorthén
previous quarter. Spain stands in sharp contrasig@pproach. It had an appealing IRR, untilkiE
was abolished in 2012 because of the excessiveoduppsts for the government. Now, profits are
possible only under very favourable conditions.

When comparing the studied countries, the stalufithe German support system should be encouraged,
as this reduces government's support costs andstorveincertainty. At the same time it is
recommendable to avoid the mistakes made by Spairthee unnecessarily high profits in Flanders up
to 2012 and lItaly.
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Country Total PV capacity (MW)

kW/Inhabitant

Germany 35715
Italy 17928
Spain 5340
France 4673
Belgium 2983
Rest of Europe 14849

0.436
0.294
0.116
0.071
0.268
Not available (NA)

Table 1: Cumulative total PV capacity in 2013 (EP2A14)
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Indirect methods R&D subsidies
Net metering
RES-E obligation for new housing

Direct Methods Quantity-driven Green certificates (GCs)
Tendering schemes
Price-driven Feed-in-tariff (FIT)

Capital grants
Fiscal incentives
Green loans

Table 2: RES-E support schemes
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2009 2010 2011 2012 2013 2014

Flanders  GC: (€/1000 kwh) 450 350 330 250 21 NA
Period of eligibility 20 yrs. 20 yrs. 20 yrs. 20 yrs. 20 yrs.
Net metering MEP MEP MEP MEP MEP MEP
Tax credit (on gross 40 % 40% 40% NA NA NA
investment)

Germany FIT (€/kWh) 0.4301 0.3914 0.2874 0.2443 702 0.1368
Self-consumption  0.2501 0.2276 0.1236 0.0805 NA NA

premium (€/kWh)

Period of eligibility 20 yrs. 20 yrs. 20 yrs. 20syr 20 yrs. 20 yrs.
Italy FIT? (€/kwWh) 0.412 0.403 0.377 0.247 0.196 NA

Self-consumption  NA NA NA NA 0114 NA

premium (€/kWh)

Period of eligibility 20 yrs. 20 yrs. 20 yrs. 20syr 20 yrs. NA

Net metering PR PR PR PR NA PR
Tax credit (on net NA NA NA NA NA 50%
investment)

Spain FIT (€/Kwh) 0.34 0.34 0.3135 0.2738 NA NA
Period of eligibility 25 yrs. 25 yrs. 25 yrs. 25syr NA NA

France FIT (€/kwh) 0.328 0.42 0.3035 0.2249 0.1817 0.1454
Period of eligibility 20 yrs. 20 yrs. 20 yrs. 20syr 20 yrs. 20 yrs.
Tax credit (on gross 50 % 50% 22% 11% 11% NA

investment )
ayrs stands for ‘years’, MEP stands for ‘at markkgatricity prices’; PR stands for ‘partial reimbuesnent’.
®In Italy, up to 2012 the FIT is available for alketricity produced rather than for the share ofeticity fed into
the grid, which is the case in all other countrigering FITs.
Table 3: RES-E support schemes for a residentiahBidllation in Flanders (Belgium), Germany, ltaly
Spain and France on the first of January since 286@rces: Photovoltaik-guide (2014) ,VREG (2013),
Bundesnetagentur (2014), Nextville (2014), Sueks(014), Photovoltaique.info (2014))
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Parameter Value Reference(s)

Life expectancy panels 25 years Belién et al. 8201

Annual electricity production 4500 kWh Leloux et ¢2012), Belién et al. (2013)

Total net cost per kWp 1500 € (no loan) Photovioltpuide (2014)

Inverter replacement period 12 years Fraunhofer(BRE4)

Inverter replacement cost 200 €/kWp Fraunhofer (8H4)

Yearly degradation rate of PV panels 0.5 % JoatahKurtz (2013), Polverini et al. (2013)

Annual maintenance cost 05 % (of neEPRI(2010)
investment cost)

Annual insurance cost 0.5 % (of neRequested quotations from specialized PV
investment cost) insurers

Self-consumption rate 30% or 1350 kWh SMA (2010)

Total annual household consumption 4000 kWh Worldrgy Council (2013)

Yearly electricity price increase rate 3% EPIA (2p1PV Parity (2012); Wietze and

Kruseman (2008); Bhandari and Stadler (2009)
Discount rate 5% ECB (2014); Eclareon (2013)

Table 4: The assumptions for the generic case ofvastment in a residential PV installation
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Country City Irradiation Yield Annual Installation capacity

production
(kWh/m2 per year) (KWh/kWp per year) (kWh) (kWp)
Flanders Brussels 1180 899 4500 5
Germany Berlin 1180 899 4500 5
Frankfurt 1210 925 4500 4.865
Munich 1240 952 4500 4,727
Italy Milan 1560 1180 4500 3.814
Rome 1780 1330 4500 3.383
Palermo 1890 1410 4500 3.191
Spain Bilbao 1390 1050 4500 4.286
Madrid 1850 1400 4500 3.214
Seville 2030 1490 4500 3.020
France Paris 1270 957 4500 4.702
Lyon 1450 1110 4500 4.054
Marseille 1800 1360 4500 3.309

Table 5: Average annual solar irradiation and enpergduction (PVGIS, 2014), annual production and
installation capacities
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Country City

Net initial investment cost (€) VAT rate

Gross initial investment cost (€)

Flanders a Brussels
Flanders b Brussels
Germany Berlin
Frankfurt
Munich
Italy Milan
Rome
Palermo
Spain Bilbao
Madrid
Seville
France Paris
Lyon
Marseille

7500
7500
7500
7298
7091
5721
5075
4787
6429
4821
4530
7053
6081
4964

6 %

21 %
19%
19%
19 %
10 %
10 %
10 %
21 %
21 %
21 %
20%
20 %
20 %

7950
9075
8925
8685
8438
6293
5583
5265
7779
5833
5481
8464
7297
5957

Table 6: Initial investment cost of residential Pigtallations for the generic case on the firslaruary

2014
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Country Self-consumption (kWh) Electricity price @/kWh) Savings (€)

Flanders 1350 0.217 292
Germany 1350 0.292 394.2
Italy 1350 0.229 309.2
Spain 1350 0.223 301
France 1350 0.147 198.5

Table 7: Self-consumption savings in the first yefaoperation of residential PV installations faet
generic case on the first of January 2014
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Country Electricity Electricity Electricity Reimbursement Surplus Net metering

fed into grid  withdrawn priceP; rater, reimbursement savings
from grid rateh,

(kwh) (kwh) (E/kWh) (E/kWh) (E/kWh) (€)
Flanders 3150 2650 0.217 0.27 0 575
Germany 3150 2650 0.292 0 0 0
Italy 3150 2650 0.229 0.16 0.1145 481
Spain 3150 2650 0.223 0 0 0
France 3150 2650 0.147 0 0 0

Table 8: Net metering savings in the first yeaopération of residential PV installations for trengric
case on the first of January 2014
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Country City PBP (years) NPV (€) IRR (%)

Flanders a (6 % VAT) Brussels 9 6993.27 115
Flanders b (21 % VAT) Brussels 10 5868.27 9.9
Germany Berlin 13 1728.88 6.9
Frankfurt 13 2013.43 7.2
Munich 11 2303.64 7.6
Italy Milan 6 9143.12 16.7
Rome 6 9743.79 18.6
Palermo 6 10 010.94 19.6
Spain Bilbao 25 -3733.55 0.0
Madrid 20 -1441.85 2.6
Seville 19 -1027.12 3.3
France Paris 16 -920.09 3.8
Lyon 14 455.47 5.7
Marseille 10 2036.27 8.4

Table 9: The results for the payback period, nes@nt value and internal rate of return of the gene
case
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Parameter Distribution Mean Standard deviation

Electricity price growth(g) Normal 3% 15%
Discount ratgd) Normal 5% 1%
Degradation rat€) Lognormal 0.5% 0.25%

Table 10: The parameter assumptions used in theeMoarlo simulation.



€ 15,000.00

€ 10,000.00

-

€ 5,000.00
>

NP

€0.00 -

-€ 5,000.00+

-€ 10,000.00

ﬁ
0 4716 18 20 22 24

Y ear

—Flanders a (Brussels)
Flanders b (Brussels)
= Germany (Frankfurt)
—|taly (ROMe)
Spain (Madrid)

France (Lyon)

Figure 1: The cumulative cash flows over the openat lifetime for the generic case

27



€ 35,000

28

u Net metering

€30,000-

€ 25,000
S €20,000-
% 1
8 €15,000-

€10,000-

€5,000 - l
€ O =1 T T T T

m Subsidy
= Self-consumption

Flanders Germany Italy Spain
(Brussels) (Frankfurt) (Rome) (Madrid)

Figure 2: The revenue composition for the geneagec

France
(Lyon)



€ 15,000.00

€ 10,000.00 W /(—-x

Flanders a (Brussels)
== Flanders b (Brussels)

€ 5,000.00

§ === Germany (Frankfurt)
£€0.00 Italy (Rome)
N Spain (Madrid)
——
€5,000.00 France (Lyon)
-€ 10,000.00

Self-consumption rate

Figure 3: The net present value for different selisumption rates

29



30

€ 20,000

€ 15,000

€10,000 .
€5,000 . .

—

L

€0 = L 1

-€ 5,000

NPV

Flanders aFlanders b Germany ltaly Spain France
(Brussels) (Brussels) (Frankfurt) (Rome) (Madrid) (Lyon)

Figure 4: Box plot of the Monte Carlo simulatiorsuéts for the NPV using the electricity price growt
the discount rate and the panel degradation rataréble parameters



25%

20% A(\)\
\\\/ —4—Flanders a (Brussels)
\ \" Flanders b (Brussels)

15%
== Germany (Frankfurt)
=>e=|taly (Rome)

RR

10% +
Spain (Madrid)

| /‘\‘/«A»_* g
5% - France (Lyon)

O%T,

2009 2010 2011 2012 2013 2014

Figure 5: Evolution of the internal rate of retgince 2009

31



