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l.What purpose does this guide serve?

Germany is leaving the fossihuclear age behind, paving the way for photovoltaics (PV)
to play a significant role in a future shaped bysustainablepower production. This can-
pilation of current facts, figures and findingsis regularly updated It aims to helpin cre-
ating an overall assessment of PV growtin Germany.

2Are we reachi mcgpawri ta&Znnuwalget

No.

In 2015 Germany instakd about 1.3 GW new PV capacty, which corresponds toabout
2% of new installments worldwide. In the German Renewable Errgy Act 2014 [EEG]
the federal governmenthas set down an annual target of 2.5 GW. In order to meet
most of or all of our energy demandwith renewables, thena total of approx. 200 GW
PV capacityis to be installed by 2050 [ISE5, IWES2]To reach this amountby 2050, an
average of4-5 GW PV must be installed annuallyWith time, older PV systemsnust be
increasinglyreplaced. As yet, replacementshave not played a large role When the tar-
geted capacity of 200 GWPV has finally been reached, estimates shotlat 6-7 GW PV
will have to be replaced per year

3.Does aPYeadiytrishgnefyoapbawesruppl y?

Yes.

According to estimates,P\tgenerated power amounted to 38.5 TWh [AGEB] and cov-
ered approximately7.5 percent of Ger many b s constrhptioa ffirmlehergy,c i t y
see section 21.8) in 2015. Renewable energyas a whole (RE) accounted forca.

38 percent of net electricity consumption, while the fraction of PV and total RE irGer-
manybs gr o sonsuraption stbodat @a.i6.¥ percent and 32.5 percent respec-
tively. On sunny weekdays, PV power can cover 3%rcent of the momentary electricity
demand. On weekends and holidays the coverage rate of PV can reach 50 percent. At
the end of 2015, the total nominal PV power installed in Germany was cat0 GW, dis-
tributed over 1.5 million power plants [BSW]. With this figue, the installed PV capcity
exceeds that of all other types of power plants in Germany.
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Figure 1: Percentage renewable energy in net electricity consumption (final energy) for Germa-
ny 2005-2015; data from [BMWil], [AGEB5Y]

The strong momentum in PV seenbetween 2010 and 2012 is due to the fact that the
minimum targets set down by the German government for REre realistic(Figure 2). As
a result, PVis not only making a significant contribution to G e r ma powds supply, but
is also supporting the energy transformation. However, the installation of offshore wind
and its power transmissionto the mainland as well asthe installation of new long-
distance power lines within Germany are behind shedule. The EEGNovelle 2014 re-
duced the 2020 installation target for off-shore wind from its original target of 10 GW
down to 6.5 GW.
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Figure 2: Percentage of RE in German gross power consumption and minimum targets set by the
German government [BDEW?2 1].

4.1 s PV power too expensive?

It depends on how you look at it.

In Germany,the internal costs of PV electricity are higher than for electricity generated
from conventional power plants PV power, & an important mainstay of the energy
transformation, is supported by the Renewable Energy Sources Act (fBuerbare
EnergienGesetz, EEG). It enablgdant operators to run their installatiors profitably at a
guaranteed rate of purchaseand shall encourageinvestments in the energy transfo-
mation. The aim of the Rerwable Energy Source Act is toféect a continual reduction
in the cost of electricity generation from renewablesby creating a maket for RE sg-
tems. (see sectiord.1).

It is difficult to compare the costs of PV electricity with fossiknuclear electricity since

their external costs areignored (see section21.9, [DLR], [FO]], [FOS2). For example,

an emissions tradingsystem has been implementedEUwide to make CGO, emissions

more expensive,however, trading nearly came to a stop due to an oveabundance of
availablecertificates. Another example is he costs of dismantling nuclear power plants

which are shut down. These costs are most probablgot covered by the opeg at oer bs r
serves Another external cost factor is the unforeseeable costsnvolved in creating per-

manent storage sites for nuclear waste.

IncreasingPVcapacityis only oneof the cossinGer manybs ener glord r ansf
long time, the costs associ@d with PV expansionstood in the forefront of the discus-

sions. Over tle past few years, PV and windhave an establishedplace inGe r maeny b s
ergy supply system bringing new costs to the fore. Besidesthe costs for electricity gen-

eration, costs inthe following areasare becoming increasinglysignificant:
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Improvements and modifications in the electricity grid (especially for wind)
Dismantling and modification of fossil-nuclear power plants (With the phaseout
of nuclear energy and the necessary drop out of brown coabver time, the two
cheapest suppliers in the energy nuv X, ac
ing the market. Their slow back outin conjunction with the expansion of REn-
stallations and stagnating energyconsumption reduces therate of utilization of
natural gas plants, leading to higherlectricity generation costs (LCOE) fromas)
1 The construction of more efficient, multifunctional and fastresponse power
plants, especiallyCHP based (whose.COElies above the currentmarket price of
eledricity).
1 Build up storage and convertercapacities for gridstabilization (stationary batte-
ies and electric mobility pumped storage, heat pumps,heat storage, powerto-

go)

= =4

These costs are not caused bV expansionbut rather are associated with the normal
progression of the energy transformation.All energy consumersfor whom a long-term
sustainabé energy supply must be createdare, in turn, responsible for the costs of its
realization.

4.1 Levelized Cost of E nergy

The levelized cost ofenergy (LCOE)or a PV power plantis the ratio between the total
costsof the plant ( t ) itatatad electricity production (kWh) over its economic lifetime.
The LCOEfor PV power plants [ISE1] ibasedprimarily on:

purchase investmentdo construct and installthe plant

financing conditions (return on investment, interest,plant lifetime)

operating costs over the lifetime of the plant(insurance, maintenance, repairs)
irradianceavailability

lifetime and the annual degradationof the power plant

arwdE

Thanks to technological progressthe learning curve and economiesof-scale, thein-
vestment costsfor PV power plants which make up the greatestoutlay, have fallenan
average of 14 percent per yearbin all, almost 75 % since 2006 Figure 3 shows the
price development since 2006 for rooftop installations between 10 kW, to 100 kW, in
Germany:
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Figure 3: Average end customer price (net system pr ice) for installed rooftop system s with rated
nominal power from 10 - 100 kWp, data from BSW, plotted by PSE AG.

Module costsare responsible forabout fifty percent of the total investment costsfor PV

power plants of this size. Thigpercentage increases for largr power plants. The price

development of PV modules followsa so-called Bprice learning curveb in which dou-

bling the total capacity installed causes prices to fall by constant percentage Figure4

shows the global prices adjusted for inflation and calculated in euros in line with the
2013 exchange. At the end of 2015, the cumulative installed PV capacity worldwie

reached approximately245 GW. Provided that significantprogress can continueto be

made in product development and manufaduring processes prices are expected to
keep dropping in accordance with this rule.
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ISE, data from: Strat e-

gies Unlimited/Navigant Consulting/EUPD ). The straight line shows the price development

trend.

The prices includeall market-relevant technologies in the fields ofcrystalline silicon and
thin-film technology. The trend indicates that doubling the cumulative installedPV ca-
pacity results in aprice reduction of 23 percent In Germany the module prices are
somewhat higher, due to anti-dumping measures of the European Commission.
The licensing round of the Federal Network Agency(see following section) gives a
benchmark for the electricity generation costsfor small openfield PV systems (< 10

MW).

4.2 Feed-in Tariff

The German energy transformation has required andill continue to require large n-
pri®lga myltisee s

vestments in solar and wind capadty. At todaybs
megawatt PV power plantinstalled today, let alone a small roofto

p PV installationcan-

not compete with the electricity generation costs (LCOE) aflder fossil fuel and nuclear

power plants b not to mention those plants that have already been written off. A PV

power plant installed todayis also not able to compete with a PV plantinstaled in the

future. Both generate electricty during the daytime yet the futu
structed at | ower specific in
electricity generation costs
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To encourageinvestmentin spite of this andto uphold the defined growth corridor of
2.4 to 2.6 GW PV per year, the Renewable Energy Act 2014sets fixed values for the
purchase andremuneration of PV electricityas well aslevies on self-consumption [EEG].
Only new systemsthat are smaller than a certain sizere now guaranteed a fixed feed
in tariff over a twenty year perod. As of 2016, systemswith nominal power less than
100 kW still qualify for the feed-in tariff, while systemsover 100 kW must directly ma-
ket the electricty generated. As of September 1, 2015, financial compensation for ele
tricity produced by openspace (groundmounted) PV systems is granted to those who
participate and are chosen in an auction of the Federal Network Agencydditionally,
self-consumed electricityfrom new PV system®ver 10 kW is subject to an increasingly
larger percent of the EEGariff (see sectiord.7).

60 T
— 90 1
é r
= 40 ¢
E [
W 30
Q
o B
g 20 |
L r
< 10 .
= [
L. r
0 ‘ f ‘ : ‘ : ‘ : ‘ : ‘ : ‘ f ‘ f
2000 2002 2004 2006 2008 2010 2012 2014 2016
— New PV, roof system/small + Gross domestic electricity price
New PV, ground-mounted/roof large = Net electricity price for industry
Average feed-in tariff forPv e full cost fossile-nuclear (+external)

Figure 5: Feed-in tariff for PV power as a function of commissioning date, average PV power
remuneration for all installed systems [BDEW?2], full costs for the fossil -nuclear power produ c-
tion [IFNE], electricity prices from [BMWil] with some estimates.

The feedin tariff for roof systems that began operation in May 2016 isuptol 2 . 31
cts/lkWh for the next twenty years, independent of their size. For frestanding systems,

the value of the feed-in tariff is set by the licensing agreement. The licensing round of
the Federal Network Agency with cutoff date of April 1,2016 had a mean feedn tariff

val ue o-€ts/kWh fdr small freestanding PV systems (<10 MW). Fregtanding PV
systems larger then 10 MW are no longer supported through the EEG.

To compare, electricity from offs hor e wi nd was compensated
cts/kWh (initial remureration incl. premium). Other costs and risks arise from the Bf

shore liability law. For dectricity from onshore wind systems put into operationin 2015,

an initial remuneration of 8.9 cts/kWhis given, while geothermal electricity reeives25.2

t -cts/kWh.
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In England, the negotiated strike price for the planned nuclear plant Hinkley Point C
translates essentially t@ feed-in tariff of 12. 6-ctd/kWh plus inflationary adjustment for
a period of 35 years. The plant is @inned to start operation in 2025,

The EEGfeed-in tariff for PV electricity is decreasindgaster than for any other renewable
energy tecmology. In 2011 newly installed, largescale plantsalready achieved grid par
ty. Since then te feed-in tariff they receivelies appreciably below the(gross) valuefor
household electricity Since the beginning of 2012, rewly installed, small rooftop insté
lations havealso reachedgrid parity.

Grid parity for these installations marks a crucial milestone that was almost utopian jus
ten years aoduring the early phase of the EEGbut it should not suggestany compai-
son of the levelized cost of energy, or LCOHf one assumes constantlyising electricity
costs grid party wasachieved in 2013 for manyindustry customers

The user who consumesselftgenerated electricity can by no means considerhe differ-
ence between the gross electricity price €lectricity from the grid) and the EEG feedn
tariff (estimated value of the electricity generation costs) as profit. For one, self
consumption increa®s the fixed costs r kilowatt-hour withdrawn. Considering that
the sameconnection costs are distributed over a smaller amount of withdrawn electiiic
ty, the electricity purchasedper kWh becomes more expensie. Also, the electricity
withdrawn from a PV g/stem for sel-consumption may be subject to extra taxes and
charges Thesecan reach appreciablevalues depending on the tax classification of the
system [SFV].

July 1, 2013 was an important date for grid parity. On this day, the remureration for the
electricity generated from newy installedfree-standing PV systemseaches a level close
to the estimated full costs for fossinuclear electricity [IFNE].

In 2014 the average EEG feed-in tariff for PV power was ca. 33t -cts/kWh [BDEW?2]
This averagevalue representsthe actual payables and includes théigher remuneration
rates of older installations.This value is, however, irrelevant for determining the future
of PV expansionin Germany. Only thecurrent EEG feedin tariff, applying to new instal-
lations, isimportant. It follows that the lower the amount of new (and increasingly ine-
pensive) PV plants installedhe slower the average EEG feedn tariff will decrease

After 2020, the feed-in tariff will gradually expire for the oldest plants, astheir 20-year
payment period begins to expire. However, these plantsvill continue to supply power at
levelized costs that undercut those of all other fossil fuel and renewablenergy sources,
due to low operating costs and zero fuel costsThe older installations that today bring
up the average feedin tariff will most probably help to cut overall costs after 2020.

Due to the extreme drop in the feedin tariff and the increasing amount of limitations
enacted over the past few years on new installationgrid feed-in and seltconsumption,
the number of new PV installdions in Germanyhas substantiallydeclined, (for example,
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by 55 percent in 2013). In the same year,however, new PV installations increased
worldwide by almost 20 percent.

Up to April 2012, the value of the feed-in tariff given to plant operatorsfor PV electricity
decreased in irreglar time steps, leading to unpredictable growth patterns in PV capac
ty. This problem was solved by implementing a monthly adjustment scheme.

4.3 Total Remunerations Paid

As stipulated in the EEG, he total costs for the remuneration of PVfeed-in are deter-
mined each year by the transmission systeraperators (Figure6). In 2014 the total costs
amounted to 10.2 billion euros. The already radical reduction in feeth rates and system
size in addition to the phase out of the EEG feedn tariff for new PV sysems at a
threshold of 52 GW capacity ensures that total remunerations paid for PV are limited to
10 -11 billion euros per year [UNB]. Further PV expansion within the existing EEG will
only moderately increase total remunerationsHigure 6). Additional measures to throtte
PV expansion will not lead toa decrease in the total remuneration. Such a measure
would, however, cause a slowdown in the constructin of very inexpensive PV systems.
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Figure 6: PV expansion and total feed -in tariff, (Data from [BMWil]; Annual figures and current
prognosis from the German grid operators [UNB].

4.4  Pricing on the energy exchange and the merit  order effect

To estimate salesrevenuesfrom PV electricity, a mean electricity price is calculated
based onthe pricesachievedon the European Energy Exchang&he running EEX price
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is determined by tie merit order principle. Plant operatos offer speciic quantities of
electricity, defined mostly by theirmarginal costs,and ranked in ascending orderof price
(Figure 7). The purchase offers of power consumers are arranged in descending order.
The point of intersection of the two curves shows the energy exchange price of thene
tire quantity traded. The most expensive offer influences theprofit margins of the
cheapersuppliers.

FPI® Forschungsstelle fo
¥ W'k Energiewirtschaft elv. —\Verkauf
—Kauf

— |
/"'/J x

Preis

SFfE S0B.13 616

Menge
Figure 7: Pricing on the European Energy Exchange EEX [Roon].

PV powerfeed-in has legal priority, meaning that it isfound at the start of the pricing
scaledue to the merit order effect. With fictitious marginal costs of zerg PV power is
always sold when available. PV power ipredominantly generated during the middle of
the day when power consumption (and previously, but no longer, the electricity gce) is
at its midday peak During these perbds, PV powermainly displaces electricity from &-
pensive peak-load power plants (especially gasired plants and pumpedstorage). This
displacement lowers the spot price of electricity on the market and leads b the merit
order effect of PV feed-in (Figure 8). With sinking market prices, the profits of all con-
ventional power plants (nuclear, coal, gas, hydrpalso decrease.Further, solarPV elec-
tricity lowers the capacity utilization of the traditional peak-load power plants (gas and
hydro in particular.)

In 2011, approximately onethird of all the power generated in Germanywas traded on
the energy exchange [EEX]t is, however, to be assumed that pricing on the energye
change has a similarmfluence on overthe-counter prices on the futures market [IZES].

The increasing amount of renewable electricity being fed into the grid, lower coal prices
and surplus of CO2 allowances have drastically depressed prices on EEX(Figure8).
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Figure 8: Influence of RE on the average spot price on the energy exchange (EEX)[BDEW?Z].

4.5 Determining the Differential Costs

The differential costs shall cover the gap between theemunerations paid outaccording
to the EEG promoton and the sales revenue collectedrom PV electricity.Fdlowing a
peak of almost 71 -cts/kWh, the spot price of electricity, used to determine the differen-
tial costs, has since fallen tobelow 4 t -ctskWh. The amount of electricity from PV and
wind that is fed into the grid is increasing. Thigeduces the spot market price through
the merit order effect and thereby, paradoxically increases the calculated differential
costs. According to this method, the more PVinstalled, the more expensive the kWh
price of PV appears tobe. Price drops in coal andCO, allowancessimilarly reduce the
spot price and thus increase the calculated differential costs.
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Figure 9: Development of the average spot ele ctricity price and the calculated differential costs
[BDEW?2].

4.6 Privileged Electricity Consumers

Policy makers dedrmine who shall financethe transformation to renewable energy
[BAFA] They decidedthat energy-intensive industriesi.e. those who spend a high pio-
portion of their costs on electricity, ae to be exempted from the EEG surchargéo a
large extent. In 2014, industries wee relieved of costs totalingca. 5.1 billion euros. The
total electricity falling under this exemption amounts to alnest onef i f t h o f
entire power consumption. Figure 10 shows the estimated breakdown of the EEG su
charge paid by industry in2015. Thiswide-scaleexempion increases the burden on the
other electricity customers,n particular, private household, who account for almost 30
percent of the total power consumed.

Selbstverbrauch aus eigenen
Stromerzeugungsanlagen
(keine Umlage/1,85 ct/kWh
oder volle Umiage)™

Volle EEG-Umlage:
6,17 ctkWh

41%

Geminderte

EEG-Umlage

von 0,05-1,23 ct/kWh
(stromintensive Unternehmen)

Figure 10: Electricity consumed and EEG surcharge for industry (estimat  ed for 2015) [BDEW?24]
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The surchargeexemption for privileged customers as set down in the EEGontributed to

a stronger increase irthe nominal EEG surchargeer kilowatt hour (see Sectiorb.5). At

the same time, energy-intensive industriesare benefiting from the lower spot prices on

during peak-power times. It is evidentthat part of the surchargeindirectly ends up in

the pockets of these energyintensive industries B E Angenstyey companies, which

are either largely exempt from the EEG surcharger pay ar educed r ate of
cts/lKWh, benefit the most from the merit order effect. For these companies, the lower

prices brought about by the merit order effect overcompensats for the costs incured

as a result of the EEG surchargby far. 6 [ | Z E-BitensiE noenpagigs therefore

benefit from the energy transformaion without making a noteworthy contribution.

4.7 EEG Surcharge

The difference betweenthe remunerations paidout and the salesrevenues from renew-

able electricity generatedsupplemented by other iems)is compensated for by the
EEGsurcharge(Figure 11). The cost of the surchargeis borne bythose power consum-

ers, who do not fall under the exempton scheme. For 2016, the EEGsurchargeis set at

6.35 t -cts/lkWh . End users must pay value added tax19%) on this surcharge so that

the costs imposed on private househoklincreases to7 . 5 €ts/kwh . In 2014, the aid
going to RE from t he -stalkiWb,Heasrtignehalfuhe sotaljsur-s t 2.
charge (Figure12).

..,
Erzeugungs-
Kapazitaten Erzeugte
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Figure 11: Influential parameter s and calculating method for the EEG surcharge [OKO]

Excluding outsidecosts,55 percent of the EEG surchargeor 1 . 4 -@ts/idWh , was allo-
cated to PV in 2014 (Figure 13). However, in the sameyear, PV made up about
25 percent of the total electricity falling under the EEG[UNB], and therefore received
preferential support. This is neither surprising nor unintentional. The disproportionate
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support of PV is a direct consequence of the fact that during the initial years of the EEG,
the levelized cost of PV electricity and its feeah tariff were many times greater than
those of other RE sources, e.g. approximately seven times greater than those of wind
power. The preferential treatment was also intentional since PV was expected to have
the greatest cost reduction potential. In reality, developmentgreatly exceeded all g-
pectations, with power from newly installed PV plants already receiving significantly less
remuneration than wind power from new offshore installations (initial tariff incl. bonts-
es).

Changes in pure renewable energy support and growth factors 2012-2014

» Market premium
Liquidity reserve
» Equalisation of the negative balance from the previous year
m Industry privileges
» Fall in the market price of electricity 6,26 ct/kWh

u Pure support costs
eI

3,59 ct/kWh

2012 2013 2014

Figure 12: Composition of the EEG surcharge (2014 still based on estimates ) [BEEL].
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Figure 13: Breakdown of the E EGsurcharge in 2014, excluding external costs [BEE 1].

Figure 14 shows the EEG surchargén ctskWh and the sum paid out for installed sys-
tems. Since the measurdasing the surcharge on the EEX spot market price was irg¥
duced in 2010, the surcharge and thefeed-in tariff have been drifting apart. The in-
creasng amount of privileged consumers in energyntensive industry and other
measures have alscontributed to this drift.
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