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Figure 1: Levelized cost of electricity of renewable energy
technologies and conventional power plants at locations in Germany
in 2013. The value under the technology refers in the case of PV to
the solar irradiation GHI in kWh/(m?3a), for the other technologies it
refers to the number of FLH for the power plant per year. Specific
investments are taken into account with a minimum and maximum
value for each technology.

plassls saded! sliyg S Flis] dalS Jud3 & duwhall sis b
TY ple o &B) 2ol 6 llig Baasill dilall ciliseleis
fAlizauf ellig Fo¥e ole JM5 dadgslf dal<sl oin Judiuma elliSy

Ggadl Gilagylisaw Liaylg 8aad) ,oedeiSall eleslf ci¥aze I
plasaaly 8atell glig I Ll dalS Sle puulau¥l 5.8530 (LS
agdglly jla3 2l cillasly 7loy)f B9dg (PV) duslydgigdll Lixglaisall
4l jolazll davlyay Lick 2dd deasyo dordSy Lilll b goud
Igradt @il /il @sall) dgailaslf jslall o liyg < zlasf
Cuo9s Vedy paudgill JSidl (CCGT) dargaidl 5Ladl wlissde
Baasnall dUal cilirgleiSs plasiwly datell slyyg SIf rlusf dals
TN b Lagliy 2 Sally dudgyiadl sled Lo Baciell soall cillasog

Ut Lo Al ddladgleddl Gillasol) sl Sl Zull 4ALS fuad
plat SO audl b iy delaw CilgeleS LY g9 147 g +,oVA
clladf of dus) ¥l cliuill) dilal cllass go3 ] Bzl Fei¥
Lo dliazunll puodlf dedl o) plas¥l e dolall byuduall
ColS adg (Lslll b Tp ficludl b clggleS 1Tev g Veve oy
©lggleS fajga 1A+ e ] Vore g ddladl willad Baad) doudll
dlgigieall cliad! JSI £l g <) rlu| d4lS cidds aa) Q6
dlagonla danyay il Lg) ¥] 551 linglgiSall go golyall o Lgs
©lggleSlaygs . TAY llgony sliygSU Silgal) cllgiunel) dnilly

(BMWi 2013) dclu

L5 o ST dasnl ) e byl cillass (o diliad] las] 44155 aes
Of -Axgardl Ll ciliny)el o Bated Clls of syndf @il (o AL
Dl le zlyd Glasa o Batadl cliyg S Ll dals
0 £000s Lo %1 a3 (wilggliS/gpes VA + g Vo v e Lo jledzawl)
cilebi hawgio gLas)l o @iyl ling .ol CifgeleS fg)94 .1 ¥ g
0953 Guony giw delaw £+ 30 18T ) sy (sguadll Jramnl)
Sl B Tlpdl Al Cillaswe oo Badodl £liyg S o) 44l
0955 iy delay SilgeleS /g9y 185 LI <118 o Sillacdly
o Batelf L (o slipg S FLisf dAlS jase Losd ol L
oAl A o el 2y Al Ple Tl Al Glaswe
dilb cllaso o agies L3l cillad! )y aeeds daLSS plas)l
Iy £0++ I Yoo ou Lo golyidy) wllardly sl &b zlodl

Aolgelns
Y



Ruilis Leg plyg S Elas] 44LS Lo Bayonlo il debigasll eudl
ad pasasall e¥asag @udll JS olé ligd doln¥lig wilisglgisall
# adldy daulyadl oia 8 (T-1) ole go popdl) dsduds @udy cyad
OIS i /TSR B plat STl 2,0 o6 pal3 Lotz awXl Lilus

daadll eilaslyag Ggsnll

Sl 9 of 2igall jud o aili duzlgdgigall Fosw clawlozt ydas
A0 paazl| Joleo of palyiily @3 1018 o deuidl b LiLasal
sl gads ) lis gsbed (410 olezl Jaso zo Lwlise)
plasialy Bated) slypg STl | 4alS Gl pslall adall dilgisg
I3)93 *.08% 9 +,008 (i Lo M Juall Jaugd iguw dydlgdgiglll
Gob dalilly Bpeiintl duilgdgigal| cillndl ol auleg doluw SifgleS
ezl Al Sle aciall el puils dguw allindl pdal
) gl @l 30 Bt Basfiall pliyg I lasf AALS Liayly dasllt
AT A 08 ndl eonilly (Aol cilgglsS faje9 +00A ] +,01
ot Lo oot apids wljlediwf 5955 cigamg (debaw cilgeleS /y94
Cillad! plasiiawl S¥ase peudisy 43l cilggleS fgyga )+ T+ ] OV+
AaLS o J3] Byale yalasl oI Lll] cigis b dailgdgligdll
ple o Eliig dudaalll sfgds plasiauly dated! elsygSIl Ll

St

Version: Nov. 2013

i Lolt] o plypg S il dalsT duliazunll Silbibaud
r.r.

el ddanad) abbuwd] douss Ted) povnedd] JSdud! g
Al Al w¥ane puSalyl P oo Lolll b liygSI o
folladl jle)) digaudl cfytelll dJldl o¥asll le
ool sac Maaill jlewl Izbyl Jles) fiued)l clele di
09T apmnnS] 50 e el alalgad LSS /sguaidll Juaall
ois rydiiang ¥ ol 1 (o Jotad b aSaalilie (Sg idlg (7).
T AALS (o Ae¥ ad : duilgdgiosd] dosddl Jana b ddyplall
shdll y2an go dytlgdgipdll cillad) dliase (o giisg £lyg<Ii
Jlosk) dundinis dosnosd clele d) a¥azo ol oSlel 8 gasll
dolal¥l Jil pe yemy i) LY ad) Gle juSell leg (Lol
b elisg d2dtye disuo bl ple ¥l c¥ase dus o diano bl
Allell mudll po 3uodad duleall oia lé Jillg Loll] g
cllass Ly digad! dilhall cllassy zlyll cllad dowlal
doadl 0 Baliall diligosll @uddl of dpaldsll ddlall autes
0igy duols g Jruadill dojao LglS Jolsoll dudlnX] pgan,lly
gilgl diadly dlie Joeo oSell g0 Jan lisg Lireleisall
ol of desdll jolady Lingleisull jlolsieg dillall wliass

~ Fraunhofer

0.22 - - 0.22 IsE

S 020 [ 0.20
= :
= o0.184 - 0.18

8 - L

© 0.164 +0.16
LI:,.I 4 E
= (.14 e e L 0.14
2> ] i
% 0.12 1NN MM \ ‘L 012
Ko 0.10- . N T i
G 0.08- ' \ - -o.os
8 006 | ------------------------- N\, 0.06
o 'I| [

® 0.04- - 0.04
g - -

% 0.02 :o.oz
J 0-00 Ll 'I L) L] T Ll l Ll T L] l L) Ll Ll L) 0-00

2013 2015 2020 2025 2030

N3N Photovoltaics: PV small at GHI = 1000 kWh/(m?a) to PV utility at GHI = 1200 kWh/{m?a), PR = 85%, average market development
=1 Wind Offshore: FLH of 2800 to 4000 hia, PR = 95%, average market development
Wind Onshore: FLH of 1300 to 2700 h/a, PR = 97%, average market development

Biogas: FLH of 6000 to 8000 h/a, PR = 100%

=== Brown Coal: FLH, fuel costs, efficiencies, CO2 allowance prices depending on year of operation, see table 4-7
= Hard Coal: FLH, fuel costs, efficiencies, CO2 allowance prices depending on year of operation, see table 4-7
=~ CCGT: FLH, fuel costs, efficiencies, CO2 allowance prices depending on year of operation, see table 4-7

Figure 2: Learning-curve based predictions of the levelized cost of electricity of renewable energy technologies and conventional power

plants in Germany by 2030. Calculation parameters in Tables 1 to 7.
v



gLadt Ao GLL od deswoudulf Ciliogleisalf

dilh)) olirgleiSs pasmiy Led duhall go AN gdt
b 3olill 0is o Leg Bass oy piess Lol Golilf b Aol
Jlobiy Jaswg¥l @pdill b poguadl asg Lo a9 Folas Jil e
50 Lo 8ydtino yul plalell ois b desulisdl Jloo¥l dupo Lidyydf
AT Mgy dudlin¥l alSall Jolsn lb duleg Ligyol Jaswg 4 L3
oldaslfois ) folituly JU puly dasd o Lse¥l o6 3585 of con
dulydgipdl) ol plasawly dalell sliygS) zluf dalS s
ol 2o ol Ss LaS dlsgonlo iy dudadisning caanad Ll &ylalL,
i8Syl duiledeigdlly 855,11 disuebull ddlal cilingleiss
legplsS Tovv d2a3,0f Bdlid) clele 3 oifs gdledl 6 Lgldd
o plackla [olggleS 0+ g Ll gis b JL3 g0 LaS T /dclaw
duilgdgipdlf cilladt sy @iy Lidyyd] Jlosbsg JaswgX] Gl glolio
Lady Tp ficlaw folgglaS Teve g VA-+ 3 3uad¥f clele il ol
IailgaleS V£0+ lgony duiaia dussod cilela df ol dudlis] oSLoly

Lissiyd Cgion JU 9o LoS Tp fdclan

dillall aillaswe o 1Y ale b Batedl plyyg Sl plas] 44LS jais
feslggduS Teve L V600 u Lo cilele ¥ dosud duos duilgdgigall

Version: Nov. 2013

Al e dolall zlydf cilla s o Batadl slsyg Sl zlisf 4aLS o
g Jediwll oo MWali Jaz iy paisnio gaiue &fi (s yiias
Jronill el o 5451 sae b ¥ dayadly cilivid Sigas
pasiuwd Baar oSlel b clglas Ggas b Loy spuadll
dadgall Salyyld ySibig .z loyl) pndsnin nduny Jous ol wilisygill
Aol dpanilis gl daddll sdgdly Joes Lalf wladf Lol
o il gy dunldl Gle pldl Gillases §updo (o Batall
0 duifge Jlgal go plipgSIl Zlii] JALS Olb asley puusnill
il @l Cillaso 20 Joladlf (o Do ] Juas cigaw Tl
Sthdf o JB) dAlSs) slygS miilw illg ToT+ ple
Aalal) zlupdl Gllass (mo dated! ALl culfy Lo .dutlgdglals
sl b Tl Sillaswo (o g3 S ELLL (yldS dasl! Lo
Fobe JMsng AALSI pruw yaid fha jdono sl g9 Cillasdbly
g Lyl Jlg>lg giigd! e Baodialf olypgSH Fiil| 1aLSS oLi

Aelay CilgelS Igy99 +,101 g +,°41 Lo e Jadsnis

Sllass AALSS b chside yolisul dgas gigill o ail dusg
0y iy seud! jLall elas ci¥ano il Yoy ¥ aild soud! jLII
laggs +,T10 = +)¥0) Fo¥+ b el g Il plish AalS il ] gabasn

8adgl) 8yl ) ddlin| oy deluw cilggleS

— Fraunhofer

0.22 - - 0.22 IsE
g 0.20 - § 0.20
< 018 - 0.18
S 5 b
o 016 -0.16
= - L
o014 - 0.14
_é\ 3
2 - 0.12
"g 5
i - 0.10
= [
> L 0.08
w
@ L
O - 0.06
8 L
N - 0.04
5 1 [
2 002 7 i 0.02
0.00 , , , 0.00
2013 2015 2020 2025 2030

[ CSP: DNI = 2000 kWh/(m?a) to DNI = 2500 kWh/(m?a), PR = 90%, average market development
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Figure 3: Learning curve based prediction of levelized cost of electricity of various solar technologies at locations with high solar irradiation

by 2030.
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Figure 4: Levelized cost of electricity of renewable energy
technologies at locations with high solar irradiation in 2013.
The value under the technology refers to the solar irradiation in
kWhi(m?a): GHI for PV, DNI for CPV and CSP.
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Figure 5: Global cumulatively installed capacity 2000-2012 of PV,
CSP wind power and CPV according to Fraunhofer ISE, GWEC 2013,
Sarasin 2011, EPIA 2013.
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Table 1: Investments in EurolkW for current power plant installations
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bined mass small large/

cycle

utility

Lifetime 25 25 25 20 20 40 40 30 20 25 25 25 25
[in years]
Share of equity 20%  20%  20% 30%  40% 40% 40%  40% 30% 20%  20% 30% 30%
Share of debt 80%  80%  80% 70%  60% 60% 60%  60% 70% 80%  80% 70% 70%
Return on equity 6.0% 8.0% 8.0% 9.0% 14.0% 13.5% 13.5% 13.5% 9.0% 8.0% 10.0% 13.5% 13.5%
Inti t rat
(:EEI“ el 40% 40% 40%  45% 7.0%  60%  60% 60% 45%  60% 60% 7.0%  7.0%
WACC,.., (Weighted 44% 48% 48% 59% 98%  90% 9.0% 9.0% 62% 64% 68% 97% 97%
Average Cost of Capital) (8.8%)* (8.8%)* (8.2%)*

2.4% 2.8% 2.8% 3.8% 7.7% 6.9% 6.9% 6.9% 4.1% 4.7% 4.7% 7.5% 7.5%
WACC,_,

(6.7%)* (6.7%)* (6.1%)*
Annual operation
costs 0.018 0.035 0.028
[in Euro/kWh]
Annual fixed
operation costs 35 35 35 36 32 22 175 35 35 35
[in Euro/kw]
Annual i
peual oy 02% 02% 02%  00%  0.0% 02% 02%  02%  02%
of electricity output
CO, emissions
0.36 0.34 0.20

[in kg/kWh]
Fuel costs % v . x
considered

*falling financing costs untill 2030 for technologies with low market penetration in 2013

Table 2: Input parameters for calculation of economic efficiency
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PV system (standard module)

Irradiation on PV module
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Electricity output per 1 kWp

at optimal angle

Germany North (GHI 1000 kWh/(m?a))

Germany Center and East (GHI 1050 kWh/(m?a))
Germany South (GHI 1200 kWh/(m?a))

Southern France (GHI 1450 kWh/(m?a))
Southern Spain (GHI 1800 kWh/(m?a))

MENA (GHI 2000 kWh/(mZa))

Wind power plant (2 - 5 MW)
Onshore: Germany center and south
(wind speed 5.3 m/s; 130m hub height)

Onshore: Germany near the coast and strong wind locations
(wind speed 6.3 m/s; 80m hub height)

Onshore: Atlantic coastline UK (wind speed 7.7 m/s; 80m hub height)

Offshore: Areas near the coast
(wind speed 7.9 m/s; 80m hub height)

Offshore: Medium distance to coastline (wind speed 8.7 m/s)
Offshore: Locations far from the coast (wind speed 9.5 m/s)

Offshore: Very good locations (wind speed 10.3 m/s)

CSP power plant (100 MW)

Full load hours of wind

Direct normal irradiation (DNI)

1150 kWh/(m?2a) 1000 kWh/a
1210 kWh/(m?a) 1040 kWh/a
1380 kWh/(m?2a) 1190 kWh/a
1670 kWh/A(m2a) 1380 kWh/a
2070 kWh/(m?2a) 1680 kWh/a
2300 kWh/(m2a) 1790 kWh/a

Electricity output per 1 kW

1300 h/a 1300 kWh/a
2000 hia 2000 kWh/a
2700 h/a 2700 kWh/a
2800 h/a 2800 kWh/a
3200 h/a 3200 kWh/a
3600 h/a 3600 kWh/a
4000 h/a 4000 kWh/a

Electricity output per 1 kW

Parabolic with storage (Southern Spain)
Parabolic with storage (MENA)

Fresnel (Southern Spain)

Fresnel (MENA)

Solar tower with storage (Southern Spain)

Solar tower with storage (MENA)

CPV power plant

Direct normal irradiation (DNI)

{additionally dependent on storage size, 8h)
2000 kWh/(m2a) 3300 kWh/a
2500 kWh/(m2a) 4050 kWh/a
2000 kWh/(m?2a) 1850 kWh/a
2500 kWh/(m?2a) 2270 kWh/a
2000 kWh/(m?2a) 3240 kWh/a
2500 kWh/(m?2a) 3980 kWh/a

CPV (Southern Spain)
CPV (MENA)

Electricity output per 1 kWp

2000 kWh/(m?2a) 1560 kWh/a

2500 kWh/(m2a) 2000 kWh/a

Table 3: Annual yields at typical locations of PV, CPV, CSP and wind power (source: fraunhofer ISE)
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2050

lower upper lower  upper
Brawn coal 0.0016 00016 0.0016 0.0016 0.0016 0.0016 0.0016
Hard coal 00114 00103 00114 00112 00175 00188 00200
Natural gas 0.0287 00276 00320 0.0287 0.0363 0.0398 0.0470
Substrate for Biomass 0.0300 00250 00400 0.0250 0.0400 00400 0.0400

Table 5: Assumptions about fuel prices (BMWi (2013), NEP (2013),
BMU (2012), Prognos (2013))

Development of energy

2013 2020

conversion efficieny of

conventional power plants

Brown coal 45.0% 46.5% 48.5%
Hard coal 46.0% 50.0% 51.0%
Combined cycle 60.0% 61.0% 62.0%
Biomass 40.0% 40.0% 40.0%

Table 6: Development of efficiency in large power plants (ISf (2010))

CO, allowance price
T 2013

[ELJI'OL,U__! - O_-J

lower value (own

: 53 17 28 35 40
calculation)
upper value (Prognos) 53 217 42 50.7 55
medium value 53 19.3 35 429 475

Table 7: CO, certificate price (NEP (2013), forecast (2013))

Development of full load hours

:)Flléwtso conventional power Broc\.(:ran! '12‘:]' Comb 'c';flg
FLH 2013 medium 7100 6000 3500
FLH 2013 low 6600 5500 3000
FLH 2013 high 7600 6500 4000
FLH 2020 medium 6800 5700 3500
FLH 2020 low 6300 5200 3000
FLH 2020 high 7300 6200 4000
FLH 2030 medium 5800 4800 3100
FLH 2030 low 5300 4300 2600
FLH 2030 high 6300 5300 3600
FLH 2040 medium 4900 4100 2900
FLH 2040 low 4400 3600 2400
FLH 2040 high 5400 4600 3400
FLH 2050 medium 4300 3600 2600
FLH 2050 low 3800 3100 2100
FLH 2050 high 4800 4100 3100

Table 4: Development of full load hours of conventional power
plants (Prognos (2013), our representation)
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Figure 6: LCOE of renewable energy technologies and conventional power plants at locations in Germany in 2013. The value under the
technology refers in the case of PV to solar irradiation (GHI) in kWhi(m?a), in the case of other technologies it reflects the number of FLH in
the power plant per year. Specific investments are taken into account with a minimum and maximum value for each technology. Additional
assumptions in Table 3-7.
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Figure 7: Market forecast for cumulative power plant capacity for

PV 2012-2030 according to IEA (2010), EPIA (2013) and our own
calculations
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Figure 8: LCOE of PV plants in Germany based on plant type and
irradiation (GHI in kWh/(m?a)) in 2013.
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Figure 11 LCOE of wind power by location and full load hours in
2013
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Figure 13: LCOE of biogas power plants at different substrate costs
and full load hours in 2013
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Figure 14: Sensitivity analysis for biomass power plants with specific
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Figure 16: LCOE hard coal depending on investment, full load hours,
CO, certificate prices and fuel prices in 2020
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Figure 15: LCOE conventional power plants in 2013 with variable
prices for CO, certificates and fuels as well as specific investments in
2013
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Wind Onshore: FLH of 1300 to 2700 h/a, PR = 97%, average market development

=== Brown Coal: FLH, fuel costs, efficiencies, CO2 allowance prices depending on year of operation, see table 4-7
= Hard Coal: FLH, fuel costs, efficiencies, CO2 allowance prices depending on year of operation, see table 4-7
CCGT: FLH, fuel costs, efficiencies, CO2 allowance prices depending on year of operation, see table 4-7

Figure 17: Forecast for the development of LCOE of renewable energy technologies as well as conventional power plants in Germany by

2030
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Figure 18: Sensitivity analysis for the forecasts for LCOE of small PV
plants, investment 1500 EurolkW, GHI=1050 kWh/(m?a)
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Figure 19: Sensitivity analysis for the forecasts for LCOE of onshore
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Figure 20: LCOE of renewable energy technologies at locations with high solar irradiation in 2013
The value given under the name of the technology refers to the solar irradiation in kWhi(m?a) (GHI for PV, DNI for CPV and CSP)
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Figure 22: Market forecast for cumulative power plant capacity for
CSP 2012-2030, Sarasin (2010), Trieb (2009), Greenpeace (2009)
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Figure 21: LCOE of various PV plant types at three locations with
high solar irradiation kWhi(m?2a) in 2013
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Figure 23: LCOE of CSP plants with a nominal capacity of 100 MW, by
plant type and irradiation (DNI in kWh/(m3a)) in 2013
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Figure 24: Sensitivity analysis for CSP (100 MW with thermal storage)
with annual DNI of 2000 kWh/(m?a) and specific investment of 6000
EurolkW
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Figure 25: Market forecast of cumulative power plant capacity for
CPV for 2012-2030 (Fraunhofer ISE, 2013)
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Figure 26: LCOE of CPV by irradiation (DNI in kWhi(m?Za)) in 2013

Verdon: Now. 2013
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Figure 27: Sensitivity analysis of CPV (irradiation DNI = 2000 kWh/
{m?a), investment = 1800 EurolkW)
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Figure 28: Development of the LCOE of PV, CSP and CPV plants at locations with high solar irradiation kWhl/(m?a)
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Figure 31: Schematic figure of the investment decision model (E25-Invest) for the development of the energy system in Germany

13§ Lo o} (saluaiil-g, S soiunl! e dpwlio Jagyidyy dillall plias
Jlee] Z5L0) Goull wluf¥ly clsesll o al gliss s olS
Fowgs fAS bl aiwgd [peld) plasaadl wileddais /faagas
pUL Gadsd rlas¥l 1is 09y saa sl g (g3 aliysal

hagall

o b ed et of gl b sl slyg S Zliif 44LS JU3
98 393,lf ladiw¥l )5 gigé dlaslgs cllig gigo ol b Lideiss
o Bydgall cilyglazll )lglal g ddLiall el prglasl )luie vy duilSa
05 dpdlis) ciligSL fuloull aveg el e 1Ly Bsadl gyt i
el Jf dils] Aoy 44153 JSugll Glax] jodad d4dsS agad
ASa babef pad Je B0 Ll g ladl il S 1] aad o Se

Gebietsinformationen

Breisgau
Nm.s-lD DE132
Kosten. 15 46 Eurocent/kWh

Gebietsinformationen

au
Nuts-iD- DE132
Kosten. 11 46 EurocentkWh
4 Jahr 2020

Paman Paman
» Bekina Gtk o~ Zelana Gira
Gogdw o Grgon
Lbarec — Walbezych . ."..uuuunm" Waliezych

“‘f‘mm
® paruce

Eurocenw\'lf‘l'l 'l Eurocent/kWh »
R
Ak Budd 5 5.45 ;_ ‘sl Budd, S 6,45

645-7,91 6,45 - 7,91
791-936 | 7.91-936

9,36 - 10,82 9,36 - 10,82

10,82- 12,27 10,82 - 12,27
. 12,27 - 13,737 12,27 -13,734

s Sy 13,73- 15,18 P : 13,73-15,18
Jesnen: ' ween ,.' i ek 15,19 - 16‘64. ek \ 15,19 - 16,644
o, 16,64- 21 16,64-21
siare ‘Boteane Bozen ""“"n" 21‘ - Botzanc - Baren "“‘"‘" 21+ g
Genion: Bebuno. I'ln-n\nn oy ..u Bonmn- Leafist

Figure 32: Model E25 at Fraunhofer .fSE presents the deve.‘opment of regionally highly differentiated LCOE in combmat:on mth likewise
regionally differentiated investor behavior for specific technology types. The figure shows as an example the LCOE of rooftop PV plants for

private investors in 2012 (left ) and 2020 (right)

Yy



Juddial Byudally A JALSH oy dugianl) daLS3Y loa]
Jisa] pSe pualall cilegisny po¥ly Lgiasss Lgiiliag dladl
ero P o Jelontll b Lo payld) Jugeilly eganlll Ly
idgig (Baslall dwi) guadt Joleo Lo JUI pol, 241S5 Jaungio
ialSig dhadf yoe gao e saileg JUI ool dosline s e

Lgie pasiianlly ying,all

s b dygial] ALY AU dlslelf plasiisf clISS 5S¢
elay g Il rlasf dals

= At dugdandl 4 do1SIY
&m, I_i a.’l—;ls.
Byadall Jud bzl dalS5e

(o) o palssl /i asl) deuall+)

£liyg <Y dioSy wiliguall L6LS quas s o dilall glews 3-Sgo
ol Foplalf cfid dlad) s 4 sae sa0 e Batadl

sty JALSaH pulusd e Al 33)la0 5] o sliyg S Zlis) 2aLS
plasauly odb cond ol e IS 4345 dayen) Gl
ool plasiudl) AeSUdl aelgdll camudy Byige duils] wihiel )by
ol digro cnus Jo sl lgaas 1l cowlClg cublpall joild
Jealall Ly g I plosf AALS pilas le fFLiy A A 4,085 ddyyes
o sl Zlas] dalS Gl dlec 31 ¥ go wpllall Ly
oo Lo delaw b ddUalf pllas s doniill plyyg I dogal ploswd

plad!

el Siliiouie gilé

oS ailh L e TV plat gl g SH pluf dalS JudB ) diluaf
alusil Filé gls ToFe g ToTe s Gosudl clbliwf saclue
sodad Judtane wi¥lais) Joo ply Joo Lojgay gros ,illy lesdl
e pgie LUAS slyg S glu) 4alS JIlly wlad jlewl
(Gl @ns) duoShall donaill deaSH pu dddell Jie oles)
sae ciclias 13 Lo guiid (ZLu¥l alSS) cilasgdl o LSS jalasuly
AT+ elasll Jaso o9 AT+ desuiy dalSal cundsily clasglf

(lasll Jaso ) = paksll Jasa)

flapg S ZLis) AALS Clas

allass o ALl ool po Jaou sl <Y zlf dalS el
o Aol 5, K80 Lgiliu) LSSy dalid) Jla¥l ol dilall
ihdl foadsy eldsl, dwold dueSlall JalSs) J6S piod
oo-iiss Lo g CLU5 3930 .dda st (o Batel) dilladl Jlals Lgai,liag
By L1 plgdl (o dclin cilggleSL )9ty puling £lipg S lisf dalS
gloil oo dnlall olo] Gags 3SLad) sy J2F daylall ais
AalSsl dulels agasid pliad ¥ oo dalid JLo¥l ofi clad)
Jhae¥l b asly ol v Jigesd) cilaus i 13 Baaoe il dlad

(gaall §hasll riledt Lidy bpailly silelf

AL Aol pubas] e @iy £lyg S o] 4418 cillaiwgio lus
aflelf oo cilegially jlodiwdl LSS (gub cond L2l JUI guld
ASyidie diesioiie cileguad Jle ol dladf pae JMs hyuailly
Adlal) agaiill dowdll ple @undd ciligrall geod asadill dogll
Girs 30 pogis yul g% dlagll gay Batell dillall guas Batell
o 130 gl (o BySall drrsnld] c¥gaill gy aiSly galll jolasll
Balyj go .AdLa) Ll cile o 7Lyl go Licuss casnliss satedf A8l
o] dpadill @ giued padsis Jdiad] b ol I ells oly,3
Joiis el i ds joe Jlen g0 o dygiadl ciligall
Juidis yoe P daShall Juddisl dalShg jlotiwXl wligras
pasiu Bagad) cllasell glyg <Yl dilS oluwd dkdf

: (Konstantin 2009) dJilzo

A

Ip+ X, v
LCOE = A+0
n Mt.t.’f
t=1(1 + i)t

deluw cilggleS fayaulls pliyg SN Fla 44LS Iaswgioe (LCOE)
oatls Sligpall jLodiawl |°

t ple b gygulls duginnll AALS Lo A
Lol olggleSIL piall plal) 66l SN deaS M,

() duleal) 3a5Lad s i
ploc¥ly dladf Jia dul saluaid¥l yoell n
il oc plge sac t



Yo

X, dniill eI o BNl Jays C(x) LaLSil) A0 dlalally
Lilesll LalSly X,  duaaye dladi sic &ylall t pay S5
(ALILS aily o Se . b gytel)lll @lezlly. .Cix)

jedas)] Jazo 99y
C(xy) = C(x)(ZH)~P

Xo

IR =127

{Ferielli (2009), Wright (1936

dilezaw¥l elisg duhalf 3,28 M5 C (x) clladf lewl 55 o
padill oy @lazll ci¥asl @b yol,iil go) @lesll pisio Figeds
Tt ple i plipg S Zlas] 4alS Gluws oSe (dolell gallf oo

'ﬂuJi &g Sc doalal diw popatiall Fglf cilags)liva Fes 2ag
sodad gl 5 Cuon STl Geudly Glasgl Baasee dugiuw
bogrd b @it il e sbd Lidg pliyg S lisf dalS
oo dll sLatd¥l b LSl digdall yuds bl Sle Jagodl)
deloe el Joomng duwlyadl o 7505 @ Hlillig Lgo Gl umany
bgye yui aSlil pac o ase slyg S glasf 44LS jglay faisll

Ao lgiSall o oleiily

oali¥l anll jladn ¥l cfyiolly duslys oS duswlandd Juld b
$9aail] Juamall cileb sac gletzaw¥l GaJlSs Jaawgio Juidizl]
fliyg S Zlus 4alS Lo Jolgall ells ZilS il Jud bzl 2a1<sg

(gal)l Juad ) yasf)



Data Appendix

Variance

Technology PR Market scenario of PR Variance of scenarios Technc / Scenario name
PV rooftop Average value IEA Roadmap, EPIA Wind offshore Offshore Wind ISE, EWEA 54 219 X
small 85% scenario 80%, 90% Policy Diflen hore Wind
P Wind onshore Capmaiil SMECELY B B
rooftop 85% Average value 80%, 90% IEA Roadmap, EPIA moder. 5
Rirge SO * PGy DI — OnshoreWind ~ GWEC2013, 1150 2541
PV utility — Averagevalie  gooi gooe  IEARoadmap, EPIA ks advanced adv.
scale scenario ’ Policy Driven PV IEA Roadmap Vision IEA, 2010 390 87”2
Wind Onshore Wind Onshore Wind
Onshare i moderate 95% advanced il “"%"g‘a'h'g ISE 581 2016 X
“ﬂndm 959% Offshore Wind . . PV EPIA Policy Driven EPIA, 2013 759 2695
b PV EPIA Business as Usual EPIA, 2013 464 1591
cs 90%  Greenpeace2009  92-96% “aresin 210, Tre PV Sarasin extrapolated  Sarasin2011 710 1853
Biogas e u 3 F CcpPv ISE ISE 3 10 X
s%al . cPv ISE ISE 5 50
Ry ul, onservative 4 T ——— csp Sarasin 2010 Sarasin 2010 7|
R SeELS csp Trieb2009  Trieb 2009 15 150 X
Brown coal - > e c csp Greenpeace2009 ~ Greenpeace 68 231
Hard coal - - - Biogas, brown coal, hard coal and combined cycle: No market scenarios required.
C“Eh'""d 5 = E The forecasts of fuel costs, carbon emission costs and full load hours are taken from
£ external sources
Table 8: Summary of progress ratios and market scenarios for PV, Table 9: Summary of scenarios and development goals for PV, CPV,
CPV, CSP and wind power plants. CSP and wind power plants.
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Small scale Diesel Utility scale Diesel

(< 50 kW) (1 to 10 MW)
Investment in Euro/kW 200 400 600 900
WACC 6.9% 6.9%
O&M in Euro/kWh 0.02 0.02 0.03 0.03
Efficiency 30% 40% 40% 45%
FLH in h/a 2000 4000 7000 8000
Lifetime in years 20 20
Fuel Diesel Diesel
CO, price in Euro/t 0 0

Table 10: Calculation parameters for small scale and utility scale
Diesel systems.
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Diesel Small Diesel Utility Diesel Subsidies/
price < 50 kW > 10 MW taxes in bil. €

World Market 0579 0.13-017 0.12-0.13
United Arab Emirates 0.48 0.11-0.14 0.10-0.11 -3.6 (subsidy)
Egypt 0.135 0.04-0.05 0.04  -19.5 (subsidy)
Saudi Arabia 0.053 002 0.02-0.03 -87.4 (subsidy)
Qatar 0.203 0.05-0.07 0.05-0.06 -4.1 (subsidy)
Morocco 072 0.16-021 0.14-0.16 1.7 (tax)
Germany 0.696 0.15-0.20 0.14-0.16 40 (tax)

Table 11: LCOE of diesel generators in a set of choosen countries

Version: Nov. 2013
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