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| Technology |Capital Cost ($/kW)|Operating Cost ($/kWh)|
Coal-fired combustion turbine |$500 — $1,000  [0.20 — 0.04 |
INatural gas combustion turbine 1$400 — $800 0.04 —0.10 |
Coal gasification combined-cycle (IGCC)||$1,000 — $1,500  [0.04 — 0.08 |
INatural gas combined-cycle |$600 —$1,200  [0.04 —0.10 |
\Wind turbine (includes offshore wind)  ]$1,200 — $5,000  |[Less than 0.01 |
INuclear 1$1,200 — $5,000  [0.02—0.05 |
IPhotovoltaic Solar 1$4,500 and up [Less than 0.01 |
Hydroelectric 1$1,200 — $5,000  |[Less than 0.01 |
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(“Basic economics of power generation, transmission and distribution | EME 801:,” n.d.)
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t=1 ()
St
t=1 (1+1)*
[, = Investment expenditures in year t (including financing)
M, = Operations and maintenance expenditures in year t
F, = Fuel expenditures in year t
E, = Electricity generation in year t
r = Discount rate
n = Life of the system
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Levelized cost of energy *

(“OWOE - Electrical Power Generation - What are LCOE and LACE?,” n.d.) "
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Total
Capacity | Levelized | Levelized | Levelized | Levelized Total Levelized | LCOE
Plant type factor capital fixed variable transmission | system | tax including
(%) cost O&M O&M cost LCOE | credit tax
credit
Dispatchable
technologies
Coal with 30% .
ccs? NB? NB NB NB NB NB NA NB
1 0,
Coal with 90% | 5 NB NB NB NB NB NA NB
CCS
gg’fvent'o“a' 87 13.0 15 328 1.0 483 NA 483
Advanced CC 87 15.5 1.3 30.3 1.1 48.1 NA 48.1
Advanced CC
with CCS NB NB NB NB NB NB NA NB
Conventional |, NB NB NB NB NB NA NB
CT?
Advanced CT 30 22.7 2.6 51.3 2.9 79.5 NA 79.5
Advanced 90 67.0 12.9 9.3 0.9 90.1 NA 90.1
nuclear
Geothermal 91 28.3 13.5 0.0 1.3 43.1 -2.8 40.3
Biomass 83 40.3 15.4 45.0 1.5 102.2 NA 102.2
Non-
dispatchable
technologies
Wind, onshore | 43 33.0 12.7 0.0 2.4 48.0 -11.1 37.0
Wind, 45 102.6 20.0 0.0 2.0 1246 | -185 106.2
offshore

(“Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy

Outlook 2018,” 2018, p. 5)
Carbon Capture and Sequestration *

Not Built ¥
Combinde Cycle *

Combustion Turbines ®
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Solar PV! 33 48.2 7.5 0.0 3.3 59.1 -12.5 46.5
Solar thermal NB NB NB NB NB NB NB NB
Hydroelectrics | 65 56.7 14.0 1.3 1.8 73.9 NA 73.9

B gden 03K 55 o Slke 3505 YOXY Il 33 a5 1S ol G slaelSs 15 ¢l (Colm K 0 V) glaw 5o 0l Ol 5 Sl Pl Y-Y o

(Gl Gt b s SUL

Range for total system levelized costs Rgnge for tot_al system levelized costs
with tax credits
. Capacity . Capacity
Plant type Minimum :\llr:rglee weighted | Maximum | Minimum 2\'/':;:: weighted | Maximum
9€ | average: 9€ | average:

Dispatchable technologies

H 0,
gcc’gl with30% | 147 130.1 191.1 117.2 130.1 191.1

1 0,
222' with 90% | 110.5 119.1 1395 1105 119.1 139.5
Egnve”t'ona' 445 50.1 483 78.5 445 50.1 483 78.5
Advanced CC | 435 49.0 48.1 76.8 435 49.0 48.1 76.8
Advanced CC
i 66.5 74.9 84.8 66.5 74.9 84.7
E?”"e”t'ona' 87.2 98.7 144.9 87.2 98.7 144.9
Advanced CT | 75.0 85.1 795 1285 75.0 85.1 795 1285
Advanced 89.7 92.6 90.1 97.5 89.7 92.6 90.1 97.5
nuclear
Geothermal 41.7 44.6 43.1 495 39.2 41.6 403 458
Biomass 74.0 953 1022 1112 74.0 953 1022 1112
Non-
dispatchable
technologies
Wind, onshore | 40.7 59.1 48.0 773 29.7 48.0 37.0 66.2
Wind, offshore | 122.2 138.0 1246 1685 1038 1171 106.2 1423
Solar PV 423 63.2 59.1 1139 342 49.9 46.5 88.2
Solar thermal | 145.1 165.1 187.9 1119 1266 1443
Hydroelectrics | 49.6 61.7 73.9 73.9 49.6 61.7 73.9 73.9

sl objswjﬂ 4.&3}.5@)‘.).& JJUY'\G' JL.A):«S&LML?}J:S LS‘J‘ ‘)YL: J}J}jbﬂbuﬁﬂj Jj‘.,\;—

T(eolm e o VD)0 e sle 3505 Yo ¥ e Jla 5 oS 10 00 G slaolS 5,0 ¢l gles 3 1 £ st

[ Planttype [ Capacity | Levelized | Levelized | Levelized | Levelized [ Total [ Levelized | Total

|

PhotoVoltaic '

(“Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy

Outlook 2018,” 2018, p. 7)
(“Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy ©

Outlook 2018, 2018, p. 15)
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factor capital fixed variable transmission | system | tax LCOE
(%) cost O&M O&M cost LCOE | credit2 including
tax
credit

Dispatchable
technologies

1 0,
Coal with 30% | 5 NB NB NB NB NB NB NB
Ccs

1 0,
Coal with 90% | 5 NB NB NB NB NB NB NB
Ccs
gg”"e”t'ona' 87 9.4 15 383 0.9 50.1 NA 50.1
Advanced CC 87 10.4 1.3 35.0 1.0 47.6 NA 47.6
Advanced CC
with CCS NB NB NB NB NB NB NB NB
E?nventma' NB NB NB NB NB NB NB NB
Advanced CT 30 17.3 2.6 58.7 2.9 81.5 NA 81.5
Advanced NB NB NB NB NB NB NB NB
nuclear
Geothermal 93 18.6 15.5 0.0 1.3 35.4 -1.9 335
Biomass NB NB NB NB NB NB NB NB
Non-
dispatchable
technologies
Wind, onshore | 38 38.9 14.2 0.0 3.3 56.4 NA 56.4
Wind, NB NB NB NB NB NB NB NB
offshore
Solar PV 32 33.2 8.0 0.0 2.9 441 -3.3 40.8
Solar thermal NB NB NB NB NB NB NB NB
Hydroelectrics | NB NB NB NB NB NB NB NB

B gden 03K 55 o Slke 5505 YoFe Il 53 a5 1S ,al G slaelS s 15 glsl (Cslm K 0 V) glaw 5o Y Ok 5 S (Pl 0-Y Jsis

NSk Gaa b s SUL

Range for total system levelized costs Range for tota | system levelized costs
with tax credits
. Capacity . Capacity
Plant type Minimum Simple weighted | Maximum | Minimum Simple weighted | Maximum
average average
average2 averagez
Dispatchable technologies
1 0,
Egg' with30% | 1013 1136 NB 1716 1013 11356 NB 1716
1 0,
Sgg' with 90% | o4, 1024 | NB 121.6 94.2 1024 | N8B 1216
Eznve”tm"a' 47.7 53.6 50.1 816 47.7 53.6 50.1 81.6
Advanced CC 45.6 51.7 47.6 78.8 45.6 51.7 47.6 78.8
Advanced CC
with CCS 70.6 75.9 NB 83.0 70.6 75.9 NB 83.0
E?”"e”tm“a' 92.1 100.8 NB 134.7 92.1 100.8 NB 134.7
Advanced CT 77.0 84.7 81.5 114.5 77.0 84.7 81.5 114.5

\

(“Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy
Outlook 2018,” 2018, p. 17)
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/:S‘C’Iaer;cred 75.7 78.1 NB 81.9 75.7 78.1 NB 81.9
Geothermal 35.4 47.9 35.4 69.6 33.5 45.2 33.5 65.3
Biomass 67.6 84.8 NB 104.1 67.6 84.8 NB 104.1
Non-

dispatchable

technologies

Wind, onshore | 34.5 49.7 56.4 63.6 34.5 49.7 56.4 63.6
Wind, offshore | 97.8 110.4 NB 133.8 97.8 110.4 NB 133.8
Solar PV 35.4 52.1 441 92.2 33.0 48.1 40.8 84.5
Solar thermal 121.0 141.4 NB 160.0 112.3 131.1 NB 148.5
Hydroelectrics | 42.5 58.4 NB 70.1 42.5 58.4 NB 70.1
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Projected LCOE in the U.S. by 2020 (as of 2015)

450
400
350
300
= 250 A
3
=
5
200 o
150
<@
<
100
50
0
Natural Gas:
Solar Thermal Wind Convent\t?nal Solar PV
offshore Combustion
Turbine
Minimum 174 170 107 98
© Average 240 197 142 125
Maximum 383 270 156 193
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Advanced  Conventional
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Hydro

69
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Geothermal
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WTI Crude Oil!

43.33

50.79

66.79

64.85

(“Cost of electricity by source,” 2018, “Levelized Cost and Levelized Avoided Cost of New Generation '

Resources in the Annual Energy Outlook 2015,” 2015, p. 7)
(“U.S. Energy Information Administration (EIA) - Analysis & Projections,” n.d.) |
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dollars per barrel

Brent Crude Oil 43.74 54.15 73.12 71.92
dollars per barrel

Gasoline? 2.15 2.42 2.75 2.75
dollars per gallon

Diesel® 2.31 2.65 3.19 3.21
dollars per gallon

Heating Oil* 2.10 251 3.03 3.08
dollars per gallon

Natural Gas® 10.04 10.86 10.76 10.91
dollars per thousand cubic feet

Electricity® 1255 | 1289 | 1293 | 13.32
cents per kilowatthour
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West Texas Intermediate
Average regular pump price "
On-highway retail ™

U.S. Residential average *
U.S. Residential average ©
U.S. Residential average ”
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PV Dach PV Dach PV Wind Wind Biogas Braunkohle Steinkohle GuD Gas
klein grof® frei Onshore  Offshore 5000-7000 6450-7450 5350-6350 3000-4000 500-2000
950-1300 950-1300 950-1300 1800-3200 3200-4500 VLS VLS VLS VLS VLS
GHlin GHl in GHl in VLS VLS in h/a in h/a in h/a in h/a in h/a
kWh/(m’a) kWh/(m*a) kWh/(m°a)  inh/a in h/a
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(Kost, 2018, p. 15)°



W rais oladd il gl (g8 cuslow

Stand: Marz 2018 Z Fraunhofer

ISE

24 I 24
22 22
fi I

%

\
3

NN

58

Stromgestehungskosten [€cent,, ./kKWh]
N

0
I : I : I ¥ I . I ' I v I ' I : I :
2018 2020 2022 2024 2026 2028 2030 2032 2034

[77 Photovoltaik: PV Dach klein bei GHI = 950-1300 kWh/(m?a), LR = 15%, mittlere Marktentwicklung

[] Photovoltaik: PV frei bei GHI = 950-1300 kWh/(m?a), LR = 15%, mittlere Marktentwicklung

I Wind Onshore: VLS von 1800 bis 3200 h/a, LR = 5%, mittlere Marktentwicklung

Wind Offshore: VLS von 3200 bis 4500 h/a, LR = 5%, mittlere Marktentwicklung

[C_1Biogas: VLS von 5000 bis 7000 h/a

B Braunkohle: Volllaststunden, Brennstoffkosten, Wirkungsgrad, CO, Preise abhéngig von Betriebsjahr, vgl Tabelle 4-6
I Steinkohle: Volllaststunden, Brennstoffkosten, Wirkungsgrad, CO, Preise abhangig von Betriebsjahr, vgl Tabelle 4-6

I GuD: Volllaststunden, Brennstoffkosten, Wirkungsgrad, CO, Preise abhangig von Betriebsjahr, vgl Tabelle 4-6

I Gasturbine: Volllaststunden, Brennstoffkosten, Wirkungsgrad, CO, Preise abhangig von Betriebsjahr, vgl Tabelle 4-6
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