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(FL7h = (THL7H + (L7 + (B L7
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ZH], HEABH], EIAH] 5 =
BaEZAH ofn|nEH, EAN, AEPEryg AgSA6, AFaTa)
s Eu), =44, JAg, A, 2P >
gata Aok ot o] s 1919 HH 2
2 gk Aot

[ 2-1] 2HeE A2 27Kl /kWh) F=0]

T & A | FoE Ffr LNG Wy 4 A= | R
WHEH | 28.01 | 15.18 | 19.65 30.94 31.33 7.56 3.55 12.43

91| 7wl | 22.81 9.96 8.19 6.50 45.22 21.68 19.07 15.39
Al 50.82 | 25.14 | 27.84 37.44 76.55 29.24 22.62 27.82
HEH | 27.25 | 15.41 18.87 30.49 37.46 8.78 3.60 13.85

92| 1g¥ | 18.60 7.81 6.13 4.76 27.52 22.72 21.71 15.63
Al 45.85 | 23.22 | 25.00 35.25 64.98 31.50 25.31 29.48
HEH] | 27.28 | 12.99 | 20.63 29.14 34.37 7.21 3.50 13.46

93| ;AW | 18.94 | 12.64 6.48 5.85 31.93 20.95 21.07 16.90
Al 46.22 | 25.63 | 27.11 34.99 66.30 28.16 24,57 30.36
HEH) | 28.02 | 12.97 | 21.55 44.33 33.25 9.50 3.34 14.39

94| ;A\ | 20.78 | 17.19 6.89 12.95 26.58 30.18 19.36 17.37
Al 48.80 | 30.16 | 28.44 57.28 59.83 39.68 22,70 31.76
HEH) | 3049 | 12.84 21.87 29.17 36.07 7.65 3.04 14.77

95| ;LA\ | 20.48 | 16.62 8.38 8.21 21.81 34.41 22.13 18.61
A 50.97 | 29.46 | 30.25 37.38 57.88 42.06 25.17 33.38
WHEH | 32.28 | 14.28 | 26.71 39.93 41.81 9.21 3.55 17.46

96| 1AW | 23.27 | 14.84 9.36 10.40 21.46 42.37 25.22 19.90
Al 55.55 | 29.12 | 36.07 50.33 63.27 51.58 28.77 37.36
WEH | 3510 | 13.42 | 32.12 50.77 43.73 11.90 3.13 18.40
97| ;AW\ | 21.87 | 14.63 9.44 9.40 20.71 38.15 27.46 20.23
A 56.97 | 28.05 | 41.56 60.17 64.44 50.05 30.59 38.63
WEH | 3567 | 18.88 | 38.59 70.55 50.99 8.94 3.73 17.91

98| ;AW | 27.02 | 18.96 21.25 43.03 31.08 42.55 29.95 26.45
Al 62.69 | 37.84 | 59.84 | 113.58 | 82.07 51.49 33.68 44.36
HEH | 39.03 | 14.51 35.21 61.35 44.86 7.89 3.50 15.17

99| a17gw] | 33.83 | 21.76 20.39 44.03 31.73 43.40 31.88 28.56
Al 72.86 | 36.27 | 55.60 | 105.38 | 76.59 51.29 35.38 43.73
HEH | 48,79 | 13.27 52.57 87.05 62.33 8.91 4.35 18.58

00| ;2w\ | 37.84 | 20.03 14.87 38.89 33.87 49.04 34.99 28.56
A 86.63 | 33.30 | 67.44 | 125.94 | 96.20 57.95 39.34 47.14
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2 N E PR, ddolxte 147 T BASkE &AM g olakE 9
1t 72 el A Aol gide] He FrRIMAoEXE dAY
(1,400MW, 1,500MW), A1€H500MW, 1,000MW), LNGEZH450MW, 900MW), F7F
(40MW, 100MW), 7Ie} &(300MW) Fol Uth F7HHo= SRAAE FF37],
A&, & 5o AEE vEoE g3t 9l

ot o] Atme Alext H A7 MHFFVIRA Gl HEE HHAdE A F
Folth. YxH ] A Alext AYuinl A g

3% ‘gedtdor, ING 532 233 #ad Aoz Yy, A4 $5&
& z

d

AHFEFAE Fyo] JyHo] wet Iutzoz HRHow At ol V|E
Hog E7Mgsol] e Ayol7ix AT A T8 dd F A B HE9
A4HQ 7 et 7o dEd HAE 93 FHHHFA HlE Fo] Fa3
Aol7x stk dHE 73 AHFF7|EA Y AAE 1,400MW AAdRI= A1
2 A dE oF 64%, A& 500MWe] B-9-= 27%, LNG E3 500MW<= 92% 73
S ATh

[£ 23] A7 AGSFFIRAL] A

424 A LNGE-§& &

aw

A}
1000 | 1400 | 1500 | 500 | 800 | 1000 (228) (588) 300

62} 2,590 | 2,365 | 2,360 | 1,454 | 1,436 | 1,419 1,148 955 991

72t 2,586 | 2,378 | 2,367 | 1,502 | 1,538 | 1,440 1,115 904 | 1,002
() | (01 | (06 | (03 | (83 | (+7.1) | (+21) (2.9 (63 | (+1.0

Fo dde dxAHA &7 =, AY(L400MW), AEE0OMW), LNG EF
(500MW) 2] A &8 Z34dH] Fol= ofefje] a93} o] aofdEth
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ING E3te] 9= 450MWH 3.803 91 /kW-9, 900MWH 2.783H <1 /kW-2 —’F—féol

A-g= At AR, Aest vpe} o] 2l WA FA 9 A, Ha A gte

HEZ] tora I fFo] AUFoR Eotd risAdel wie &k 53], 9
AHAAFA ] T v)go] AT iAol wlf =3 ol olet FHE A

A3 Aol H7|=

olelo] A7t 7A45FolM AHEE A8 AL ulgo R o848 90%E /1A
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o]&E°] F 80% FE] ALE HIF & u, 73 ol &E
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[ 25] AE5FIIEAY FEHEANG A 7R

FEREHANOIZE90% HE)
T AR RS HH Afeh LNGE &}
1400 | 1500 | 500 1000 450 900
24 H| [®awh) | 210 209 14.5 14.1 10.5 8.6
;:E »'%‘ﬁﬁ: [ /kWh] 18.0 174 7.0 5.2 5.9 43
B EH| [ /KWh] 48 48 40.0 39.1 91.0 89.9
—— [€/5) (SOx) 11,200, (NOx) 4,200, (PM2.5) 47,000
[#/kWh] - - 943 9.43 2.38 2.38
o | A2E [wam [ s [s2 | - ]
H| & 2u7ta | [EAC02] 25,000
HEEIE | [R/AwWh] ; - 204 19.9 85 8.4
&8 [#AWh] 4.25 4.25 3.78 3.78 2.95 2.95
Haug | [Bawh | 075 0.75 0.63 0.63 0.32 0.32
[ wmwmzl | [(sAwWh] | 545 | 538 | 959 | 021 | 1215 | 1169 |

AN R AET vk gol A4 B H@ Se A%l HUL HE) WS =
wek ohel, Ade] AndlY UgHlE ST 4G 5F AR7t Ho) rkm F
sieh. AENIY 9T A2 FASE 4B AYE T Qe A= A

T o

Aot oo

Sl dulAn|dgo] U 58 1y u 9 2 Age HAYE] 5 FEAS &

At =, 7x1e] A= Aubx o2 ZAEATIQ AT Agke] 453 THu g
o] BA A= e Ao T AU}

A+ 73
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b4t/
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ekl
2
&3
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tob
2~
Ry
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=2

g aHE AAHCR siv= 4, 1
A AZS stk A SN Fadt Aolg Holal itk 311 Aol A 24%%& -
23 7P ofefe] el o] aokdn

1) A9E, AmE, UEU, AElA vge neld T 59 W
674, A235, 20189 2¥9, pp. 179-185.
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(1 /kWh) LA A LNG CCGT
agu ot 41.32 20.37 13.67
AgH @} 4.80 41.10 92.31
A=A 12.55 4.93 0

TERZH 2.33 0.72 0.38

el 4 H]-8 0 19.86 8.37
7] A Hl & 0 9.43 2.38
AL 9] @ H] & 5.62 0 0
T H& 3.94 3.84 2.78
A& S 1.66 1.74 0

A L v & (72.22) 102.0 119.93

[ 28] ALY TEILANE (ke 9I70)8)

A /kWh) A= ek LNG CCGT
T AH @} 41.32 20.37 13.67
AgH @} 4.8 32.30 77.34
A5 FZ A 12.55 4.93 0
TERZH 2.33 0.72 0.38
B4 H] 8 0 26.69 11.29
7] 2. vl & 0 27.38 10.98
HHu§ 12.01 0 0
S v & 3.94 3.84 2.78
THEANE 1.66 1.74 0
A 278 v & (78.61) 117.99 116.45

Hiol o] SEugtele Fo 99 ny F5IEHngol il
she A=rt EAEHA Feth oy A FFAEA R B8-S A RAAINE A
v ALE A W g AAFCRE XA g the A FelA dAES JHI ok
selo} o] AR Fxo F53 TAu| gl 3t A7 L BRI} Huelol & Ao
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7HAL A whAl 7] F kel " rh4 )1 USD 100/kg= 7HY kot

- A7 F7] AH(Front end) HlE& USD 7.00/MWh
A, 55, 7Hs

- dd8 F7) 3 (Back end) Hl-&  USD 2.33/MWh
AR & AT AA, AE H AR

O 7}4 (Carbon Price)
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O € 4% (Heat Credit)
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Figure 4.29: LCOE at 85% and 50% capacity factor — Korea

(7% discount rate)

35% 0% BS%

55% T 54}% BS% T S0
.ﬂu]'.'ensed PC mhlpumued (PC B0y

f B5% T 505

CCaT . CoET | Coal | Coal Muclear
B Construction B9 Decommissioning  EEE O&M
0 Fuel cost B Waste management B 8 Carbon cost
[3E 2-10] St=¢] w53 BE(IEA)
AHEH]§ +GHARE ol Eigpe LI LB
A=A, H2=9
Capital Costs O&M  Costs game = | LCOE
Heat
Technol 0 0, o, o, 0, o, Fuel’ waste, . o, 0, 0,
echnology 3% 7% 10% 3% 7% 10% | o st | credit [ 3% 7% 10%
USD/MWh USD/MWh USD/MWh USD/MWh USD/MWh
CCGT 7.03| 11.29| 15.04| 555 555 5.55 109.24 -l 121.82| 126.08| 129.82
CCGT 5.96 9.44| 1254 4.05| 4.05| 4.05 105.1 -| 11511 118.6| 1217
Coal-pulverised
7.54 13.7| 19.34| 531 531| 531 64.81 -| 77.66| 83.83| 89.46
(PC800)
Coal-pulverised 747| 1353| 1917| 48| 48| 48 62.03 7430 80.36| 86.00
(PClOOO) B B . . o o . - ) 0 0
Nuclear-ALWR 10.41 222 3315 9.65| 9.65| 9.65 8.58 -| 28.63| 4042| 5137
larPV-
Soar . 127.69| 189.06| 241.31| 27.86| 27.61| 27.45 - -| 155.56| 216.67| 268.76
residentialrooftop
SolarPV-
e 10061| 14896 19013 21.95| 21.75| 21.63 ; -| 12256 17071] 21175
commercialrooftop
SolarPV-large, 84| 12438| 15875 17.86| 17.7| 1759 ; -| 101.86| 142.07| 176.34
ground-mounted
Onshore wind 82.78| 11858 149.77| 28.86| 28.86| 28.86 - -| 111.64| 147.45| 178.63
Offshore wind 140.06| 200.22| 25247| 74.41| 74.41| 7441 - -| 214.47| 274.63| 326.88




[} 2-11] ©o] &€ W3lol e =9 A3 EdvE
LCOE LCOE
1-8-E 50% °] & 85%
Technology 3% | 7% | 10% 3% | 7% | 10%
USD/MWh USD/MWh
CCGT 130.63 137.86 144.24 121.82 126.08 129.82
CCGT 122.12 128.05 133.32 115.11 118.6 121.7
Coal-pulverised
86.66 97.14 106.72 77.66 83.83 89.46
(PC800)
Coal-pulverised
(PCI000) 82.89 93.2 102.78 74.30 80.36 86.00
Nuclear-ALWR 41.90 61.95 80.55 28.63 40.42 51.37
4. @ SSHEEH|E 18 ™ol gt o
TN &2 24 FAAZNA T JesS vusty] s iTE
MECT. oHd WEHLAMGL FANE R A AraFe FEL
BrlshE A48 SE vk =@ BEHVANEY A5 whge gy el
3 FsEhy] fEe AU ASE S 22 495 v e, 9k
2 Aol g 28 ARIT T 5 A
g3y LCOE= 72708 & AR 43 wsel 3 Ve Witz 3
e AL QIR STk BEHEANE PUE A FAE 27 AR el
Hl-go] disiA AETE ZAeln. & ol vE EH Tl HAe VeF, 4
AR 9P nASHA Fete AL guidth 9 B0} oW A& A3
Ao} WA BRI FrHHQ TG} ABFAYS FRA] AR
F7F €% FEol e wEel e dF2> 1 + gl
£ AGAG FRAHEE AAIF OECD F7HsoA, LCOEE 7«3t ZAE
2 Wrhsted @AHE AR vk A4 AYAZE LCOE Aol 23] )
= FvEEYgEs @7IHEER(EANE)S 7HAd wrgstr] ot E=E BA
A AZAM e 7H glaaE des] 2UeS ok A AP EHA d53
Lo wtgdste Ao2e TESA ETh
1) o] 22 IEA(2015)5 1-&sto] Add.
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M 3 E oi=(EIA) Akl

1. O|= EIAQ| @S THH|E

"l EIA= "id Annual Energy Outlook®iLAE ztsla 9lom LCOE ¥
LACEC] &l wxsta ot 714 H9 EIA %2 Annual Energy Outlook
201709, ©o] RuXM e 7|F AUg Y F7o |y e # Al 28l (Natinal Energy
Modeling System, ©]3} NEMS)ell AR&-# 20191, 2022, 2040l F{Ysh= Al
TERYe] F53E Y (LCOR) v 7533 IH-8(LACE)Y Hid FX& A
Alsta 9lth. LCOEw Auizt Hl§ vlaE 943 X iolw, LACEE FAALY] A

4 AAY HARE AT BEHQ Axo|th LACES A4ty e 2
574, A99s & TEHLE s oF =2 LACE= LCOES] Wl 4Hge]
o}@a Eg@sith. LACEXIA LCOEE 2173 4AH43sh= +7HX(Net Value)E 53}
54718 A4, 29T W9 FAYES HEZT F dor 7P (Net value=

LACE - LCOE)7} 242 33 dedAE £t ddAddM A4de] = A

o2 B &t F, vlgo uky Jidel Aolth 3H LCOES} LACEE Zd
of o3t JArAA S G Ro F7] Yl AMREE= NESe =, EIAY A7|A
=)

o 3 A o= LCOES} LACE7} AFEE R =t w3 LCOES LACEE v)E)
S7HA9 B84, AAHE 2455 48] wYdstA atm R o A
_13—‘-__ Z

O T &3 A & (LCOE, Levelized Cost Of Electricity)
T3P n &2 A8 FAMWh)S A4tsr] 98] &85 BlE&S L3

i fixed charge factor + capital costs + fixed O&M . :
LCOE = - - + variable 0&M + fuel
annual expected generation hours
Hpla ] ] O o Q.
FE ol g = AENEXAANTI AARARANE L oo goqugrane

A7) o) A 2 A A gF



[ 2-12] LCOE 24 84

AHEHE-S AZEAER] R o2 $ksY] f1gh BlE. dRbE o R
A} 3] 4= A| 4=(Capacity Recovery Factor) A&
A}E-H]-8-(capital costs) Aule] &9 &7FF 27152 ($/MW)

179 H] & (fixed charge factor)

TR FARTFE S A H&($/MW/year). 114 53}

g0 ;
RIS (xed OKM) | o) e aast os wase v

Az 71dh At Azt

(annual expected generations hours)

A A vl HAse ¢339 FARFE A &
H 5 A v & (variable O&M) gl Isfed e A RS |

9 AP FD vIE($/MWh)
A 5 H] & (fuel) oo A AL AEHE($/MWh)

=
off
Lo
ot
A
R
oo

O (LACE, Levelized Avoid Cost of Electricity)
T3t anl&2 7] T dFelA Adgavfel A (L FTA)
o

o
=
g % e U TeE Asd BHAA 54 THV) A4, £9E

2 ond
o

-
o,

£ -

Y¥_.(marginal generation price, + dispatched hours,) + (cap payment « cap credit)
annual expected generation hours

LACE =

t Y t= 7k A4 71k Y 149 F 71 4
& 7]ZH(time period) tolA FQE WE3sH7] g A U}

—]_ tﬂ-x—] A . .

?...7412 21712 (marginal ~ generation A 76 AR TISE A e by e w

price) A71e) Wz A4E. Seluehe] AN SMPS f4D)

3 A7 (dispached hours) 13 71ZHtime period) tollA FHE RHoZ 7=E= AZk
AR FAE el du=ES gusty] 913 Blg(dRg 7%

& F7H4 (capacity payment) HES fe FUHe vpAY A0 A8E eSS 7
skt ~aHe v feue dEAEe] §FasH fAD
ARZE Al dulEs Aed e sHEAHLE T

&% A8 Y (capacity credit) wAo] 7hedt Aol B¢ A& 100% A&, A
2 84 AL AR gES 45 3R

A 71 AL AR 1

s e el e agows A
expected generations hours)




L} =Rt

AEO 20175 #Adsted AFES BE 7FA- o digh A5+ “Assumptions to the
Annual Energy Outlook 201704 Zrol& = )t} o]F oA LCOE ¥ LACE$}
HdE AmR TRV HE ® As54S EMM(Electric Market Module) 2]
HHAEE, o]F Tl #53 THHE 2 39u&S A3 Aot HlE AR
= AEO 2016914 A8 WIEAREE 7IWstal ik Ex7]o] gt vlE&xts B
A 201390 FYe §9s FIIFAYD dHelx=2  dAY o P (LEIDOS
Engineering) A}oll 23| A

el 3 dzte] Erpds, AurH <

[ 2-14] 2H9E ¥g B A5 54

Cost and performance characteristics of new central station electricity generating technologies

Base Total
: Lead ight Project Techno- ight Variabl Fixed th-of-a-
= Fiste | size | tme | “costin | Contin | logical | costin | O&MS | OfM | Heatsate | {ingheat
=TT availaole (MW) (year 2016 ency Optimism 2016 (2016 (2016%/ (Btu/kWh) rate
year s) %2016 actor actor £2016 $/MWh) kW/yr) u (Btu/kWh)
/kW) /KW)
Coal with 30% CCS | 2020 | 650 4 4,586 107 103 5,030 7.06 69.56 9,750 9221
Coal with 90% CCS | 2020 | 650 4 5,072 1.07 1.03 5,562 9.54 80.78 11,650 9,257
C Gas/Qil
Combined Cycle 2019 | 702 3 923 1.05 1.00 969 348 10.93 6,600 6,350
Adv Gas/Qil
Combined Cycle 2019 | 429 3 1,013 1.08 1.00 1,094 1.99 9.94 6,300 6,200
Adv CC with CCS 2019 | 340 3 1917 1.08 104 2,153 7.08 33.21 7,525 7,493
Cony Combustion 2018 | 100 | 2 1,040 1.05 1.00 1,092 348 17.39 9,920 9,600
fdy Combustion 2018 | 237 | 2 640 1.05 1.00 672 10.63 6.76 9,800 8,550
Fuel Cells 2019 10 3 6,252 1.05 110 7,221 4491 0.00 9,500 6,960
Adv Nuclear 2022 | 2234 | 6 5,091 110 1.05 5,880 2.29 99.65 10,459 10,459
Distributed
ostiouted  pase 2019 2 3 1,463 1.05 1.00 1,536 8.10 18.23 8,981 8,900
Distributed
ComamiieS peak 2018 1 2 1,757 105 1.00 1,845 8.10 18.23 9,975 9,880
Biomass 2020 50 4 3,540 1.07 1.00 3,790 549 11034 | 13,500 13,500
Geothermal 2020 50 4 2,586 1.05 1.00 2,715 0.00 117.95 9,510 9,510
MSW-Landfill Gas 2019 50 3 8,059 1.07 1.00 8,623 914 | 41032 | 18,000 18,000
Conventional
Hydropower 2020 | 500 4 2,220 110 1.00 2,442 2.66 14.93 9,510 9,510
Wind 2019 | 100 3 1,576 1.07 1.00 1,686 0.00 46.71 9,510 9,510
Wind Offshore 2020 | 400 4 4,648 110 125 6,391 0.00 77.30 9,510 9,510
Solar Thermal 2019 | 100 3 3,908 1.07 1.00 4,182 0.00 70.26 9,510 9,510
Solar PV 2018 | 150 2 2,169 1.05 1.00 2,277 0.00 21.66 9,510 9,510
. . T = =] — H S = =
Project Contingency Factort 7A@ Aoz WAste B4R gt F7} v
- = - . " . L = 2~
o dg A4E T3} Technological Optimism Factore= ASHA &2 7|&

ot AFE AMHE 4MA BA/AA HGHT) ol AF )] Ha A W
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[3E 2-15] EMM<e] A9 &

1 - Texas Reliability Entity (ERCT)

2 - Florida Reliability Coordinating Council (FRCC)

3 - Midwest Reliability Organization - East (MROE)

4 - Midwest Reliability Organization - West (MROW)

5 - Northeast Power Coordinating Council / New England (NEWE)

6 - Northeast Power Coordinating Council / NYC - Westchester (NYCW)
7 - Northeast Power Coordinating Council / Long Island (NYLI)

8 - Northeast Power Coordinating Council / Upstate New York (NYUP)
9 - Reliability First Corporation/ East (RFCE)

10 - Reliability First Corporation/Michigan (RFCM )

11 - Reliability First Corporation/West (RFCW)

12 - SERC Reliability Corporation / Delta (SRDA)

13 - SERC Reliability Corporation / Gateway (SRGW)

14 - SERC Reliability Corporation / Southeastern (SRSE)

15 - SERC Reliability Corporation / Central (SRCE)

16 - SERC Reliability Corporation / Virginia-Carolina (SRVC)

17 - Southwest Power Pool Regional Entity / North (SPNO)

18 - Southwest Power Pool Regional Entity / South (SPSO)

19 - Western Electricity Coordinating Council / Southwest (AZNM)

20 - Western Electricity Coordinating Council / California (CAMX)

21 - Western Electricity Coordinating Council / Northwest Power Pool Area (NWPP)
22 - Western Electricity Coordinating Council / Rockies (RMPA)

olgfe] = EMM EE W A9 FEA wet zZ xge] ubEr] 7149



Overnight CostE YEIH I AT ol FY3 7Ieolgtal stdat= vl ujol A
AHE FHS5ste Hl&o] YA Xt AS HoAET.

[3E 2-16] EMM<®] #A|¢d 7]% % Overnight B]-§

Total overnight capital costs of new electricity generating technologies by region

T‘i‘“ .ﬁ. (ER]-Cl') (FRZCC) (MSOE) (MR40\M (NE?NE) (NYfCW (Nzl_l) (NYSUP) (RF9CE) (RI}(?M) (RI}C]-W)
Coal with 30% CCS 4696 | 4934 | 4776 | 4821 | 5050 | N/A | N/A | 4737 | 5404 | 4885 | 5065
Coal with 90% CCS 5240 | 5450 | 5463 | 5325 | 5555 | N/A | N/A | 5609 | 5930 | 5404 | 5626
Conv Gas/Oil Combined Cycle 886 | 916 | 925 | 946 | 1,076 | 1,561 | 1,561 | 1,094 | 1,146 | 968 | 992
Adv Gas/Oil Combined Cycle (CC) 1,048 | 1,070 | 1,039 | 1,081 | 1,215 | 1665 | 1665 | 1234 | 1,283 | 1,085 | 1,130
Adv CC with CCS 2,010 | 2,085 | 2093 | 2071 | 2205 | 3141 | 3141 | 2217 | 2355 | 2109 | 2,168
Conv Combustion Turbine 1,049 | 1,089 | 1,037 | 1,080 | 1,134 | 1,537 | 1,537 | 1,119 | 1,201 | 1,081 | 1,107
Adv Combustion Turbine 652 | 674 | 647 | 674 | 728 | 1,041 | 1041 | 723 | 784 | 674 | 694
Fuel Cells 6,766 | 6932 | 7,257 | 7,039 | 7,286 | 8751 | 8751 | 7,185 | 7416 | 7,213 | 7,199
Adv Nuclear 5639 | 5721 | 5921 | 5795 | 6127 | N/A | N/A | 6221 | 6285 | 5874 | 5991
Distributed Generation - Base 1,367 1,407 1,507 1,502 1,756 2,508 2,508 1,777 1,839 1,559 1,576
Distributed Generation - Peak 1773 | 1,841 | 1,754 | 1,825 | 1,916 | 2599 | 2,599 | 1,891 | 2,030 | 1,828 | 1,871
Biomass 3494 | 3593 | 3,862 | 3668 | 3903 | 4650 | 4,650 | 3919 | 4,036 | 3771 | 3,828
Geothermal NA | NA | NA | A | A | A | A | A | A | A | A
MSW - Landfill Gas 7933 | 8183 | 8692 | 8350 | 701 | 1086 | 1086 | g614 | go0g | 8597 | 8571
Conventional Hydropower N/A N/A N/A 3,088 3,335 N/A N/A 2,639 N/A N/A 2,632
Wind 1638 | N/A | 2234 | 1,843 | 2498 | N/A | 2271 | 2271 | 2271 | 2234 | 2234
Wind Offshore 5835 | 8436 | 6429 | 6460 | 6557 | 8187 | 8187 | 6333 | 6557 | 6359 | 6429
Solar Thermal 3563 | 3789 | N/A | N/A | N/A | N/A | N/A | NJA | N/A | N/A | N/A
Solar PV 2403 | 1,945 | 2288 | 2074 | 2,674 | 3551 | 2275 | 2151 | 2524 | 3301 | 2,186

T‘i‘ 'IEI' (SI%I%A) (SF%G?’VV) (SlR-éE) (SI%EE) (Sé\6/C) (SI}IZIO) (SF1’§O) (AZII?IM) (CKI(\)AX) (N\%}PP) (Rl\2/|2PA)
Coal with 30% CCS 4734 | 5136 | 4752 | 4,680 | 4,565 | 4,960 | 4,820 | 5578 | 5705 | 5177 | 5662
Coal with 90% CCS 5258 | 5791 | 5289 | 5215 | 5134 | 5536 | 5380 | 6248 | 6322 | 5781 | 6,248
Conv Gas/Qil Combined Cycle 884 | 1004 | 910 | 888 | 82 | 960 | 925 | 1,057 | 1,220 | 1,007 | 1,133
Adv Gas/Oil Combined Cycle (CC) 1,045 | 1,143 | 1,073 | 1,066 | 1,025 | 1,109 | 1,085 | 1,295 | 1,396 | 1,190 | 1,337
Adv CC with CCS 2,026 | 2,228 | 2040 | 1,996 | 1,954 | 2143 | 2079 | 2436 | 2514 | 2227 | 2418
Conv Combustion Turbine 1,062 | 1,128 | 1,092 | 1,043 | 1,032 | 1,103 | 1,081 | 1,260 | 1254 | 1,143 | 1,312
Adv Combustion Turbine 662 | 704 | 691 | 650 | 648 | 688 | 676 | 797 | 808 | 718 | 965
Fuel Cells 6831 | 7343 | 6802 | 6845 | 6730 | 7,069 | 6946 | 7,120 | 7,546 | 7,141 | 6,917
Adv Nuclear 5674 | 5968 | 5656 | 5686 | 5621 | 5809 | 5739 | 589 | N/A | 5897 | 5880
Distributed Generation - Base 1,373 1,587 1,401 1,392 1,341 1,496 1,442 1,536 1,909 1,550 1,618
Distributed Generation - Peak 1,796 | 1,906 | 1,845 | 1,764 | 1,745 | 1,865 | 1,827 | 2130 | 2119 | 1,932 | 2218
Biomass 3524 | 3,854 | 3505 | 3540 | 3,460 | 3,687 | 3,623 | 3790 | 4,078 | 3,797 | 3,547
Geothermal NA | NA | NA | A | A | NA | NA | 4025 | 2771 | 2715 | N/A
MSW - Landfill Gas 8045 | 8787 | 7,976 | 8045 | 7,856 | 8408 | 8209 | 8468 | 9,097 | 8468 | 8166
Conventional Hydropower 3179 | 2,246 | 3179 | 1347 | 1,966 | 1,778 | 2672 | 2153 | 2464 | 2442 | 2,838
Wind 2420 | 2,234 | 2420 | 2420 | 2420 | 1,536 | 1536 | 2006 | 2010 | 2,006 | 1,536
Wind Offshore 6391 | N/A | 5873 | N/A | 5771 | N/A | N/A | N/A | 6666 | 6493 | N/A
Solar Thermal NA | NA | NA | NA | NA | NA | 3835 | 4106 | 4675 | 4132 | 3851
Solar PV 2075 | 1,810 | 1,822 | 1539 | 1,906 | 1,594 | 2,060 | 2452 | 2,578 | 1,615 | 2117
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Levelized cost projections by technology, 2022
2016 dollars per megawatthour

Levelized cost of electricity (LCOE)] [ ] Levelized avoided cost
A, mcluding tax credits of electricity (LACE)

Advanced combined cycle —1

| 1
Advanced nuclear — W 4
Geothermal ) I K
Biomass : I :
Wind [ 7/ | |
Solar PV |
Hydro =] | 05
0 20 40 &l B0 100 1 140 ':I.- 20 40 &0

<79 2-16> 20229 7] LCOE % LACE (AE02017)

[3E 2-17] 2019 & =7t&% o LCOE
Estimated LCOE (weighted average of regional values based on projected capacity additions) for new
generation resources, for plants entering service in 2019

U.S. Capacity-Weighted Average LCOE (2016 $/MWh) for Plants Entering Service in 2019

2= T e | e (Vfr‘-‘ilf)"g Tarsmson | 9S8, | ez | ToR E5F

Dispatchable Technologies

Natural Gas-fired

Conventional Combined Cycle 87 116 14 35.2 11 493 NA 493

Advanced Combined Cycle 87 119 13 309 1.0 452 NA 452

Conventional Combustion Turbine 30 342 6.6 48.6 33 92.7 NA 927

Advanced Combustion Turbine 30 19.8 26 531 29 783 NA 78.3
Non-Dispatchable Technologies

Wind — Onshore 39 36.0 13.7 0.0 27 524 -17.8 345

Solar PV 26 564 9.6 0.0 4.0 70.1 -16.9 531
Solar Thermal 26 1227 311 0.0 51 1589 -36.8 1221




[¥ 2-18] 20224

&

B R

LCOE

Estimated LCOE (weighted average of regional values based on projected capacity additions) for new
generation resources, for plants entering service in 2022

U.S. Capacity-Weighted Average LCOE (2016 $/MWh) for Plants Entering Service in 2022

Capacity | Levelized Fixed Variable T eci Total Levelized Total LCOE
_EI_ = Fact Capital IXe O&M ransmission Syst evelized lud
L a(‘?A:)or gglsta O8M | (including fuel) Investment éOeEn Tax Credit 'Ilra‘f( uCr:en it
Dispatchable Technologies
Coal 30% with carbon sequestration NB
Coal 90% with carbon sequestration NB
Natural Gas-fired
Conventional Combined Cycle 87 14.0 14 420 11 58.6 NA 58.6
Advanced Combined Cycle 87 14.0 13 375 1.0 53.8 NA 53.8
Advanced CC with CCS NB
Conventional Combustion Turbine 30 36.8 6.6 54.3 30 100.7 NA 100.7
Advanced Combustion Turbine 30 228 26 588 3.0 871 NA 871
Advanced Nuclear 90 70.8 126 117 10 96.2 NA 96.2
Geothermal 90 29.2 133 0.0 15 440 -29 411
Biomass 83 47.2 15.2 34.2 12 97.7 NA 97.7
Non-Dispatchable Technologies
Wind — Onshore 41 39.8 131 0.0 29 55.8 -116 443
Wind - Offshore NB
Solar PV 25 s98 [ 100 [ o0 | 38 | 737 | 156 58.1
Solar Thermal NB
Hydroelectrics 60 sa1 | 31 | s2 [ 15 | e9 | Na 639
— N 1 o - .
obgf oA AFs Y= AA FFS ALHAMAE Y (PTC, Production tax

credit) o]y}, FAFA A& 8] (ITC, Investment tax credit) 5 Al =] digt Al

FAE FEELAE G WA

SBCEE

i )

[3E 2-19] 20220 A< LCOE H=}

Regional variation in levelized cost of electricity (LCOE) for new generation resources, 2022

=Xz =&y
MAH 58w of F i SR A G IS A ek
(2016 $/Mwh) Tax Credits (2016 $/Mwh)
g 5 Minimum v;\e,,\i‘eg(]:rggeed %a%ﬁ:_grgltg%j Maximum | Minimum \A;%\i‘eg(]:é]t—;]eed %%Zgarég{d Maximum
Dispatchable Technologies
Coal 30% with carbon sequestration 1289 140.0 NB 196.3 1289 140.0 NB 196.3
Coal 90% with carbon sequestration 1027 1232 NB 1425 102.7 1232 NB 1425
Natural Gas-fired
Conventional Combined Cycle 524 57.3 58.6 83.2 524 57.3 58.6 83.2
Advanced Combined Cycle 516 56.5 53.8 817 516 56.5 53.8 817
Advanced CC with CCS 63.1 824 NB 90.4 63.1 824 NB 904
Conventional Combustion Turbine 98.8 109.4 100.7 148.3 98.8 1094 100.7 1483
Advanced Combustion Turbine 85.9 94.7 87.1 129.8 85.9 94.7 87.1 1298
Advanced Nuclear 95.9 99.1 96.2 104.3 959 99.1 96.2 1043
Geothermal 42.8 46.5 44.0 534 40.0 433 411 493
Biomass 84.8 102.4 97.7 1253 84.8 1024 97.7 1253
Non-Dispatchable Technologies
Wind — Onshore 434 63.7 55.8 75.6 319 52.2 443 64.0
Wind - Offshore 136.6 1574 NB 2129 1251 145.9 NB 2014
Solar PV 583 85.0 737 143.0 46.5 66.8 58.1 110.5
Solar Thermal 176.7 2420 NB 3728 1346 1844 NB 2843
Hydroelectric5 574 66.2 63.9 69.8 574 66.2 63.9 69.8
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[ 2-20] 20229 7}= % LCOE % LACE, Net value Hal
Difference between capacity-weighted levelized avoided costs of electricity (LACE) and capacity-weighted

levelized costs of electricity (LCOE) for plants entering service in 2022

Comparison of capacity-weighted LCOE with tax credits and capacity-weighted LACE (2016 $/MWh)

2 R oot e e
Dispatchable Technologies
Coal 30% with carbon sequestration NB
Coal 90% with carbon sequestration NB:
Natural Gas-fired
Conventional Combined Cycle 58.6 584 -02
Advanced Combined Cycle 53.8 59.3 54
Advanced CC with CCS NB
Conventional Combustion Turbine 96.2 59.3 -36.9
Advanced Combustion Turbine 411 704 294
Advanced Nuclear 97.7 54.6 -43.0
Geothermal
Biomass 443 54.0 9.7
Non-Dispatchable Technologies NB
Wind — Onshore 58.1 \ 66.8 \ 86
Wind - Offshore NB
Solar PV 639 [ 582 [ 57

[3 2-21] 2022 d LCOE ¥ LACE, Net value®] ¥z} vl
Difference between levelized avoided costs of electricity (LACE) and levelized costs of electricity (LCOE)

for plants entering service in 2022

Comparison of non-weighted average LCOE with tax credits and non-weighted average LACE(2016 $/MWh)

- Average Average Average Net Range g}cﬁ’:g;;vev:lghted
T T LCOE LACE Difference — -
Minimum Maximum
Dispatchable Technologies
Coal 30% with carbon sequestration 140.0 587 -81.3 -116.2 -70.7
Coal 90% with carbon sequestration 1232 587 -64.5 -774 -50.2
Natural Gas-fired
Conventional Combined Cycle 57.3 581 0.9 -5.1 9.3
Advanced Combined Cycle 56.5 581 17 -4.2 9.0
Advanced CC with CCS 824 581 -24.2 -35.2 -9.5
Conventional Combustion Turbine 99.1 57.3 -417 -56.3 -346
Advanced Combustion Turbine 433 65.3 219 109 39.8
Advanced Nuclear 1024 583 -44.1 -70.6 -27.6
Geothermal
Biomass 52.2 53.2 10 -174 20.9
Non-Dispatchable Technologies 1459 57.8 -88.1 -1419 -52.1
Wind — Onshore 66.8 64.7 -2.0 -42.5 214
Wind - Offshore 1844 69.9 -1145 -2153 -57.7
Solar PV 66.2 574 -8.8 -20.6 9.8

20403 A9 & 7}5H T LCOEE 2036~2040'd A7)0 w|= 2zt XA 4l
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[E 2-22] 20404 7}% %7 LCOE
Estimated LCOE (weighted average of regional values based on projected capacity additions) for new

generation resources, for plants entering service in 2040

U.S. Capacity-Weighted Average LCOE (2016 $/MWh) for Plants Entering Service in 2040

Capacity Levelized Fixed Variable T e Total Levelized Total
2z Ao | T | B | | T | e | ot | o

Dispatchable Technologies
Coal 30% with carbon sequestration NB
Coal 90% with carbon sequestration NB

Natural Gas-fired ‘ ‘ ‘ ‘ ‘

Conventional Combined Cycle 87 NB

Advanced Combined Cycle 87 7 | 13| a8 | 10 [ s58 ] NA 558

Advanced CC with CCS NB

Conventional Combustion Turbine 30 NB

Advanced Combustion Turbine 30 184 | 26 | 663 | 34 [ 907 | Na 907
Advanced Nuclear 90 NB
Geothermal 90 247 16.5 0.0 15 426 -2.5 40.2
Biomass 83 349 15.2 24.5 11 75.7 NA 75.7
Non-Dispatchable Technologies

Wind — Onshore 41 444 13.0 0.0 29 60.3 NA 60.3

Wind - Offshore NB

Solar PV 25 453 [ 104 o0 | 38 [ 595 | 45 54.9

Solar Thermal NB

Hydroelectric 60 84 [ 29 33 | 13 [s09] na 509

[3£ 2-23] 2040 ©<=%HF LCOE
Estimated LCOE (simple average of regional values) for new generation resources, for plants entering

service in 2040

U.S. Average LCOE (2016 $/MWh) for Plants Entering Service in 2040

2z B | G | G| GA | T | gden | e | T B
Dispatchable Technologies
Coal 30% with carbon sequestration 85 77.7 93 346 12 1228 NA 1228
Coal 90% with carbon sequestration 85 63.9 10.8 344 12 1103 1103
Natural Gas-fired
Conventional Combined Cycle 87 118 14 45.6 12 60.0 NA 60.0
Advanced Combined Cycle 87 126 13 432 12 583 NA 583
Advanced CC with CCS 87 224 44 539 12 81.9 NA 819
Conventional Combustion Turbine 30 345 6.6 66.8 35 1114 NA 1114
Advanced Combustion Turbine 30 19.6 2.6 67.7 35 934 NA 934
Advanced Nuclear 90 594 126 16.5 11 89.6 NA 89.6
Geothermal 92 356 20.3 0.0 15 574 -3.6 538
Biomass 83 37.1 15.2 375 13 91.0 NA 91.0
Non-Dispatchable Technologies
Wind - Onshore 41 417 131 0.0 27 57.6 NA 57.6
Wind - Offshore 45 1044 19.6 0.0 49 128.8 NA 128.8
Solar PV 24 54.5 10.5 0.0 44 69.4 -54 63.9
Solar Thermal 20 154.2 440 0.0 6.1 204.3 -154 188.9
Hydroelectric 57 52.5 35 46 18 624 NA 624




[3E 2-24] 20403 7}5H T LCOE % LACE, Net value H]xl

Difference

between

capacity-weighted

levelized

avoided

costs

of

electricity (LACE) and

capacity-weighted levelized costs of electricity (LCOE), plants entering service in 2040

Comparison of capacity-weighted LCOE with tax credits and capacity-weighted LACE (2016 $/MWh)

g & Meoe e | e
Dispatchable Technologies
Coal 30% with carbon sequestration NB
Coal 90% with carbon sequestration NB
Natural Gas-fired ‘ ‘
Conventional Combined Cycle NB
Advanced Combined Cycle 55.8 ‘ 64.9 ‘ 9.1
Advanced CC with CCS NB
Advanced Nuclear NB
Geothermal 402 757 355
Biomass 75.7 70.8 -4.9
Non-Dispatchable Technologies
Wind — Onshore 603 \ 59.8 \ -04
Wind - Offshore NB
Solar PV 54.9 \ 734 \ 185
Solar Thermal NB
Hydroelectric 509 \ 464 \ 45

[3E 2-25] 2040'd LCOE ¥ LACE, Net value®] #=} vl

Difference between levelized avoided costs of electricity (LACE) and levelized costs of electricity

(LCOE), plants entering service in 2040

Comparison of LCOE with tax credits and LACE

(2016 $/MWh)

Range of Non-

_E_ Fr A\If(e:rsge A\ﬁrgee A\S_infrfae%gnlc\l:t _ Weighted Differencesl
Minimum Maximum

Dispatchable Technologies
Coal 30% with carbon sequestration 1228 66.8 -56.1 -989 -42.0
Coal 90% with carbon sequestration 1103 66.8 -43.6 -61.6 -331

Natural Gas-fired

Conventional Combined Cycle 60.0 66.1 6.1 -5.5 127

Advanced Combined Cycle 58.3 66.1 7.8 -2.8 13.7

Advanced CC with CCS 81.9 66.1 -157 -237 -7.2
Advanced Nuclear 89.6 65.8 -23.8 -36.3 -16.3
Geothermal 53.8 68.7 149 -4.2 474
Biomass 91.0 66.1 -24.9 -53.0 -17
Non-Dispatchable Technologies
Wind — Onshore 57.6 60.9 33 -111 226
Wind - Offshore 128.8 65.5 -63.3 -103.1 -331
Solar PV 63.9 72.2 8.2 -323 324
Solar Thermal 188.9 76.9 -112.0 -214.3 -57.2
Hydroelectric 624 62.9 0.5 -85 124

51 —
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Current Market Conditions, PTC/ITC
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Current Market Conditions

2017'A4 A1 38S diiEshe ERIAEHIE(HE 44%, 2F 1.9%) B A7|ARFAE(EE 95%,
A 6.8%), FARIE 60% 7Hg. ZE 7o el 20d W 27] AL FA I 7MY
Long-Term Historical Market Conditions

N;dz% oz N;ﬂ _JrZ/\] E]_o];(}iﬂ]_g__],]. ;(]_7];<]_ g‘g% O =& %)\‘Ei ‘[/]_E]_\El]'
ERQIALEH| &(H 5 8%, AF 54%), © A7|ARSFAE (FE 13%, 22 10.2%)

FAHE 60%, EE 71 i8] 20 W %7) AR B2 35 /A

1 253} HH|E A4 WA

Overnight Capital Cost x Financial Factor + Fixed O0&M
B760 x Capacity Factor

+ Variable O&M + Fuel Cost x Heat Rate

LCOE =




[ 2-26] NREL ATB2017¢] LCOE A4 4]

Levelized Cost | LCOE = ((FCR * CAPEX + FOM) * 1000 / (CF * 8760)) + VOM + Fuel

of Energy LCOE = ((CRF * ProFinFactor * ConFinFactor * (OCC * CapRegMult +
($/MWh) GCC) + FOM) * 1000 / (CF * 8760)) + VOM + Fuel

[3 2-27] NREL ATB20172] LCOE “3A4H4 2]

FCR = CRF * ProFinFactor

‘ Fixed Charge Rate

| CAPEX | CAPEX = ConFinFActor * (OCC * CapRegMult + GCC)

‘ Capital Recovery Factor CRF=WACC/(1-(1/(1+WACQ) 1)) note: WACC real
WACC = (1+((1-DF)*((L+RROE)*(1+i)-1)) + (DF*((L+IR)*(1+i)-1)*(1-TR))) / (1+i)) - 1
DF = debt fraction
RROE = rate of return on equity (real) = 10.24%
i = inflation rate = 2.5%
IR = interest rate (real) = 5.4%

Project Finance factor ProFinFactor = (1 - TR * PVD) / (1 - TR)

TR = combined state/federal tax rate

PVD = present value of depreciation = summation from y=1 to y=M+1 of (FDy * fy)

M = # years in MACRS depreciation schedule

FDy = fraction of capital depreciated in year y

fy = depreciation factor in year y

d = nominal discount rate (8.9%)

i = inflation rate

Construction Finance Factor | ConFinFactor = summation from y=0 to y=C-1 of (FCy * Aly)

FCy = fraction of capital spent in year y

Aly=1+(1-TR)*((1+IDC)¥ear+09-1)

IDC = interest during construction

y = year index, starting at O

C = construction duration (years)

‘ Overnight Capital Cost OCC = input in $/kW

‘ Capital Regional Multiplier | CapRegMult=1 for ATB

‘ Grid Connection Costs GCC = GF + OnSpurCost + Off SpurCost

GF

OnSpurCost

Off SpurCost

‘ Fixed Operating Expenses ‘ FOM = input in $/kW

* 1000 ‘ conversion factor from $/kW inputs to $/MWh output
‘ Capacity Factor ‘ CF = input as %
* 8760 ‘ conversion factor for hours per year

‘ Variable Operating Expenses | VOM = input in $/MWh




| Fuel

‘ Fuel = input in $/MWh

| overnight LCOE

| =((OCC*CRF*(1-TR*PVD))/(8760*CF*(1-TR))+FOM/(8760*CF))*1000)}+VOM

[ 2-28] ATB

2017 4 FAA 9] gof Ao

+H O|Rl= Ha7Zt & OlAEd MEel g+

Al Accumulated Interest Accumulated interest is a function of the interest during

construction and the tax rate.
. . a4 7|1zt

c Construction Duration Number of years in construction period
AEX|GHE 2 HIE0 SgS DXlE AdHl S X[9H
B LIEFHCE
XE A 2 UX|o E40| w2t HIE0| FYEBZ Hi7t
e, 7|et 7|2 O| Hi=7t HEELE

CapRegMult | Capital Regional Multiplier | Capital cost multipliers to account for regional variations that
affect plant costs, e.g. labor rates, etc. Separate multipliers are
applied to land-based and offshore wind plants, PV, CSP, coal,
gas, nuclear, etc. No multipliers for geothermal or hydropower
due to site specific nature of plant cost estimates.
O|I8E

CF Capacity Factor (%) Generally defined as the ratio of actual annual output to output

at rated capacity for an entire year.

ConFinFacto
r

Construction Finance
Factor

HEI|2t T AaxEo| 2EE X282 Y&,

C, FC, IDCO| &t=#=0|Ct.

Portion of all-in capitalcost associated with construction period
financing. ConFinFactor is a function of C, FC, and IDC.

2| =A==
ReEDS REOAL 8.89%7F MLE|US.
CRF= WACC 9! A|Zhe| sh4-0|Ct.

CRF Capital Recovery Factor The ratio of a constant annuity to the present value of receiving
that annuity for a given length of time. (Default in ReEDS is
8.89% real); CRF is a function of WACC and t.
HE30|9

. . o=ECE
d ?Sog;/lr)wal discount rate WACCS} QIZ3jjo|M9| sko|Ct
= The discount rate is a function of the WACC and inflation.
ENE &2t g = HlE
: 1-DF= A7|xt2s sl =2 7H

DF Debt Fraction Fraction of capital financed with debt. 1-DF is assumed financed

with equity. (50% for all technologies in ReEDS)
L ZI7FARZEE ZE7pAIZEZ S SHolgo| BHA0|C)

[ o [m=} o = = - [=}

f Depreciation Factor The depreciation factor is a function of the discount rate.

: : oiE XEE At=2l HE
FC Capital Fraction Fraction of capital spent in each year of construction, 1 to C.
o : o Z7txl= At22l HiE
FD Depreciation Fraction Fraction of capital depreciated in each year, 1 to M.
Fixed Operation and Azt 1™ 299 X[H|
FOM Maintenance Expenses Annual expenditures to operate and maintain equipment that are
($/MW-year) not incurred on a per-unit-energy basis.

A =H|

Fuel fuel cost ($/MWh) Fuel costs are converted to $/MWh from various units.
S48 Z5U2 A SHEH G5A 0120 gt H2|7|gk H&

. , ATBOJA{= GCC=022 Qi (7|2 H|w)

GCC Grid Connection Costs Distance-based costs of spur lines over land, offshore wind plant
export cable costs and construction-period transit costs
BEGAE.
(712 #HA L 2 0kW, 7|EF $14/KW)

GF Grid Feature Point of interconnection at the high voltage transmission network,

including substation, transmission lines, load center, or BA center.
(Default in ReEDS is $0/kW for substation and load center and
$14/kW for others)




Inflation Rate

IAMEEZ 7|86 IS0l E
(2.5% ReEDS)
Assumed inflation rate based on historical data. (2.5% in ReEDS)

Installed Capital Cost

SRS E A2 RE
LCOE +H30f| ArEEIX| 2.
Total capital expenditure to achieve commercial operation up to

IcC ($/MW) the plantgate. This intermediate value is used only in presentation
of technology cost assumptions with historic marke tdata. It is not
required to calculate LCOE.

IDC Interest During U4 & Okt

Construction Interest rate for financing project during construction period.
21l o|xtE(ME 54% Y5 8%)

IR Interest Rate (real) Assumed interest rate on debt. (54% for all technologies in
ReEDS, 8% nominal)

M Depreciation period MACRSO|| 2 Z7hazt A==

(years) Number of years in MACRS depreciation schedule.
dAEI|1t & 38=2EHE Mot & X2 X|E2 e
HEA0MS 22 YO 0|=ELt 10t ZO| O|Lfel H&MZH|g,
. . AQIX|OIE E MBAMH|Z2 kS|
Overnight Capital Cost ZPIXOIE S T QS Zefollh. . e .
OCC Capital expenditures excluding construction period financing.
($/MW) . . _ :
Includes onsite electrical equipment (e.g., switchyard), a
nominal-distance spur line (<1 mi), and necessary upgrades at a
transmission substation.
SHALZEHEIMEE S 27| 7kK|o 2ol AX ERtIE=}
Offshore (underwaten SHABLHRE SX/0| 0|27] 7Hx/e] AolZ =& +570|2 HIS
OffSpurCost S . Cost for offshore (underwater) export cables from the offshore
pur Line Costs ; .
wind plant to land;
LI 2R HEAAENK| U= HIE

OnSpurCost | Onshore Spur Line Costs Cost for onshore transmission lines from the plant gate to the

grid feature;
Onshore Transmission $3922/MW-mile
OnTransCost Base onshore transmission line costs (Default in ReEDS is

Costs (for spur line)

$3922/MW-mile)

ProFinFactor

Project Finance factor

7|28 ME Al

YordZ 712 Me dM S Xtol§ A3

Technology-specific financial multiplier to account for any
applicable differences in depreciation schedule, and tax policies.

ProFinFactor is a function of TR, WACC, i, M, and FD

Present Value of

H7tdZe| S 7HK|

PVD Depreciation PVD is a function of FD, f and y.
N
RROE Rate of Return on Equity | (ReDES ZEHOA AMZE 10% HZ 13%)
(real) Assumed rate of return on the share of assets financed with
equity. (10% for all technologies in ReEDS, 13% nominal)
dH+=3 (20)
t Economic Lifetime (years) | Length of time for paying off assets (20 years for all technologies
in ReEDS)
FH 3 Y| e ME(40%)
TR Tax Rate Combined state and federal tax rate (40%)
Variable Operation and MWhEFR| 2 2lsHE 2GR/ X(H|2
VOM Maintenance Expenses Operating and maintenance costs incurred on a per-unit-energy
($/MWh) basis.
IS E T A2
. (ReEDS HEHO|M AE 6.2%)
WACC \é\éegahtﬁ; 'E“r\ézr;ge Cost The average expected rate that is paid to finance assets. (Default
P in ReEDS is 6.2% real); WACC is a function of DF, RROE, IR, i,
and TR.
y year index, starting at O i




2. UEXIR

[3£ 2-29] 2015 7] LCOE ¢ # A& (Current Market Conditions)

O|8E #¢ X2X|EHE He 2YX|EHE
CF Range CAPEX Range OPEX
== Min. Max. Min. Max. Fuel Costs géﬁ\j Vgrgslle
= (%) (%) ($/kw) ($/kW) ($/MWh) ($/kW-yr) ($/MWh)
Dispatchable
PC 55% 85% $ 3,859 $ 3859 $ 20 $ 32 $5
Coal IGCC 55% 85% $ 4141 $ 4141 $ 20 $ 53 $7
CCS-30% 55% 85% $ 5341 $ 5341 $ 22 $ 68 $7
CCS-90% 55% 85% $ 5,906 $ 5,906 $ 26 $ 79 $9
cT 7% 30% $ 864 $ 864 $ 32 $ 12 $7
Natural Gas cC 56% 87% $ 1,032 $ 1,032 $21 $ 10 $3
CC-CCs 56% 87% § 2,154 $ 2,154 $ 24 $ 33 $7
Nuclear 92% 92% $ 5979 $ 5979 $6 $ 102 $2
Biopower 52% 52% $ 3,889 $ 3,889 $3 $ 108 $5
Geothermal 80% 90% $ 5,055 $ 13,480 $0 $ 155 $0
CSP with 10-hr TES 42% 59% $ 8133 $ 8133 $0 $ 66 $4
Non-Dispatchable
Wind Land-based 11% 47% $ 1,573 $ 1,713 $0 $ 51 $0
Offshore 31% 50% $ 3,891 $ 8331 $0 $ 131 $0
Utility 13% 27% | § 2,014 $ 2,014 $0 $ 13 $0
Photovoltaic Commercial 11% 18% $ 2,465 $ 2,465 $0 $ 18 $0
Residential 12% 20% $ 4,025 $ 4,025 $0 § 24 $0
Hydropower 60% 66% $ 3,895 $ 7,261 $0 $ 77 $0
[3E 2-30] 2015 7]5= LCOE ¢ ® A& (Historical Market Conditions)
O|8E H4 A2XEHE HY 23X EH 8
CF Range CAPEX Range OPEX
== Min. Max. Min. Max. Fuel Costs g)é?l\cjl \éagr(i’\a/lble
= (%) (%) ($/kW) ($/kW) ($/MWh) ($/kW-yr) ($/MWh)
Dispatchable
PC 55% 85% $ 3,859 $ 3859 $ 20 $ 32 $5
Coal IGCC 55% 85% $ 4,141 $ 4,141 $ 20 $ 53 $7
CCS-30% 55% 85% $ 5341 $ 5341 $ 22 $ 68 $7
CCS-90% 55% 85% $ 5,906 $ 5,906 $ 26 $ 79 $9
CcT 7% 30% $ 864 $ 864 $ 32 $ 12 $7
Natural Gas cC 56% 87% $ 1,032 $ 1,032 $21 $ 10 $3
CC-CCs 56% 87% $ 2,154 $ 2,154 $ 24 $ 33 $7
Nuclear 92% 92% $ 5979 $ 5979 $6 $ 102 $ 2
Biopower 52% 52% $ 3,889 $ 3,889 $3 $ 108 $5
Geothermal 80% 90% $ 5,055 $ 13,480 $0 $ 155 $0
CSP with 10-hr TES 42% 59% $ 8133 $ 8133 $0 $ 66 $4
Non-Dispatchable
Wind Land-based 11% 47% $ 1,573 $ 1,713 $0 $ 51 $0
Offshore 31% 50% $ 3,891 $ 8331 $0 $ 131 $0
Utility 13% 27% $ 2,014 $ 2,014 $0 $ 13 $0
Photovoltaic Commercial 11% 18% $ 2,465 $ 2,465 $0 $ 18 $0
Residential 12% 20% $ 4,025 $ 4,025 $0 $ 24 $0
Hydropower 60% 66% $ 3,895 $ 7,261 $0 $ 77 $0

56 —




[3E 2-31] 2030 7]:= LCOE ¢ & A& (Current Market Conditions)
0|8E& H#% A2X|£HE He 2| EHE
CF Range CAPEX Range OPEX
== Min. Max. Min. Max. Fuel Costs g?& \éa&rti’\a;lble
= (%) (%) ($/kW) ($/kW) ($/MWh) (§/kW-yr) ($/MWh)
Dispatchable
pPC 55% 85% $ 3,728 $ 3,728 $ 15 $ 32 $5
Coal IGCC 55% 85% $ 3,876 $ 3,876 $ 13 $ 53 $7
CCS-30% 55% 85% $ 5072 $ 5072 $ 16 $ 68 $7
CCS-90% 55% 85% $ 5,609 $ 5,609 $ 16 $ 79 $9
CcT 7% 30% $ 815 $ 815 $ 47 $ 12 $7
Natural Gas cc 56% 87% $ 983 $ 983 $ 33 $ 10 $3
CC-CCSs 56% 87% $ 1,955 $ 1,955 $ 39 $ 33 $7
Nuclear 92% 92% $ 5494 $ 5494 $8 $ 102 §2
Biopower 52% 52% $ 3,692 $ 3,692 $3 $ 108 $5
Geothermal 80% 90% $ 4,865 $ 12,974 $0 $ 155 $0
CSP with 10-hr TES 42% 59% $ 6,096 $ 6,096 $0 $ 50 $4
Non-Dispatchable
Wind Land-based 16% 51% $ 1,252 $ 1,983 $0 $ 46 $0
Offshore 33% 52% $ 2494 $ 5862 $0 $ 127 $0
Utility 13% 27% $ 921 $ 921 $0 $ 10 $0
Photovoltaic Commercial 11% 18% $ 1,126 $ 1,126 $0 $8 $0
Residential 12% 20% $ 1,500 $ 1,500 $0 $ 10 $0
Hydropower 60% 66% $ 3,895 $ 6,996 $0 $ 77 $0
[3f 2-32] 2030 7]s= LCOE ¢ ® A& (Historical Market Conditions)
O|8E el XEX|EHE " 2ZX|=EHE
CF Range CAPEX Range OPEX
== Min. Max. Min. Max. Fuel Costs g)é?l\(jl gagrLi'\a/]ble
- (%) (%) ($/kW) ($/kw) ($/MWh) (§/KW-yr) ($/MWh)
Dispatchable
pPC 55% 85% $ 3,992 $ 3,992 $ 15 $ 32 $5
IGCC 55% 85% $ 4,150 $ 4,150 $ 13 $ 53 $7
Coal CCS-30% 55% 85% $ 5431 $ 5431 $ 16 $ 68 $7
CCS-90% 55% 85% $ 6,005 $ 6,005 $ 16 $ 79 $9
CcT 7% 30% $ 815 $ 815 $ 47 $ 12 $7
Natural Gas CcC 56% 87% $ 1,000 $ 1,000 $ 33 $ 10 $3
CC-CCS 56% 87% $ 1,989 $ 1,989 $ 39 $ 33 $7
Nuclear 92% 92% $ 5883 $ 5,883 $8 $ 102 $2
Biopower 52% 52% $ 3815 | $ 3815 $3 $ 108 $5
Geothermal 80% 90% $ 4,983 $ 13,287 $0 $ 155 $0
CSP with 10-hr TES 42% 59% $ 6,201 $ 6,201 $0 $ 50 $ 4
Non-Dispatchable
Wind Land-based 16% 51% $ 1,273 $ 2,017 $0 $ 46 $0
Offshore 33% 52% $ 2,565 $ 6,028 $0 $ 127 $0
Utility 13% 27% $ 931 $ 931 $0 $ 10 $0
Photovoltaic Commercial 11% 18% $ 1,138 $ 1,138 $0 $8 $0
Residential 12% 20% $ 1,500 $ 1,500 $0 $ 10 $0
Hydropower 60% 66% $ 3,962 $ 7,116 $0 $ 77 $0




[3E 2-33] 2050 7]:= LCOE ¢ & A& (Current Market Conditions)
0|8E& H#% A2X|£HE He 2| EHE
CF Range CAPEX Range OPEX
== Min. Max. Min. Max. Fuel Costs g?& \éa&rti’\a;lble
= (%) (%) ($/kW) ($/kW) ($/MWh) (§/kW-yr) ($/MWh)
Dispatchable
pPC 55% 85% $ 3,859 $ 3,859 $ 10 $ 32 $5
Coal IGCC 55% 85% $ 4,141 $ 4,141 $8 $ 53 $7
CCS-30% 55% 85% $ 5341 $ 5341 $ 10 $ 68 $7
CCS-90% 55% 85% $ 5,906 $ 5,906 $ 10 $ 79 $9
CcT 7% 30% $ 773 $ 773 $ 54 $ 12 $7
Natural Gas cc 56% 87% $ 911 $ 911 $ 38 $ 10 $3
CC-CCSs 56% 87% $ 1,665 $ 1,665 $ 45 $ 33 $7
Nuclear 92% 92% $ 4,851 $ 4,851 $ 15 $ 102 $2
Biopower 52% 52% $ 3,375 $ 3,375 $3 $ 108 $5
Geothermal 80% 90% $ 4,613 $ 12,300 $0 $ 228 $0
CSP with 10-hr TES 42% 59% $ 5285 $ 5,285 $0 $ 50 $4
Non-Dispatchable
Wind Land-based 20% 55% $ 1174 $ 2,235 $0 $ 42 $0
Offshore 34% 54% $ 2,045 $ 5,050 $0 $ 123 $0
Utility 13% 27% $ 726 $ 726 $0 $0 $0
Photovoltaic Commercial 11% 18% $ 972 $ 972 $0 $0 $0
Residential 12% 20% $ 1,150 $ 1,150 $0 $0 $0
Hydropower 60% 66% $ 3,895 $ 6,646 $0 $ 69 $0
[3E 2-34] 20501 7]5= LCOE ¢} # A} (Historical Market Conditions)
O|8E H%l X2X|=EH 8 He 2ZX|=EHE
CF Range CAPEX Range OPEX
== Min. Max. Min. Max. Fuel Costs E)I)E(;l\(jl gaSrLi'\a/]ble
- (%) (%) ($/kw) ($/kw) ($/MWh) ($/kW-yr) ($/MWh)
Dispatchable
pPC 55% 85% $ 4,132 $ 4,132 $ 10 $ 32 $5
IGCC 55% 85% $ 4,434 $ 4,434 $8 $ 53 $7
Coal CCS-30% 55% 85% $ 5719 $ 5719 $ 10 $ 68 $7
CCS-90% 55% 85% $ 6,324 $ 6,324 $ 10 $79 $9
CcT 7% 30% $ 786 $ 786 $ 54 $ 12 $7
Natural Gas cc 56% 87% $ 927 $ 927 $ 38 $ 10 $3
CC-CCs 56% 87% $ 1,694 $ 1,694 $ 45 $33 $7
Nuclear 92% 92% $ 5194 $ 5194 $ 15 $ 102 $2
Biopower 52% 52% $3488 | § 3488 $3 $ 108 $5
Geothermal 80% 90% $ 4,724 $ 12,597 $0 $ 228 $0
CSP with 10-hr TES 42% 59% $ 5376 $ 5376 $0 $ 50 $ 4
Non-Dispatchable
Wind Land-based 20% 55% $ 1,194 $ 2,274 $0 $ 42 $0
Offshore 34% 54% $ 2,103 $ 5194 $0 $ 123 $0
Utility 13% 27% $ 733 $ 733 $0 $0 $0
Photovoltaic Commercial 11% 18% $ 982 $ 982 $0 $0 $0
Residential 12% 20% $ 1,150 $ 1,150 $0 $0 $0
Hydropower 60% 66% $ 3,962 $ 6,761 $0 $ 69 $0
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[ 2-35] S5 7Ie¥ OF £+
Techno- Weighted Weighted Weighted Weighted Potential W
Resource Wind Speed A 9 ) Average Average 9 :
verage Wind Average Wind Plant Plant
Group Range (m/s) Speed (m/s) CAPEX OPEX Net CF (%) Capacity (GW) | Energy
(TRG) ($/kW) (8/kW/yr) Wh)
TRG1 8.2 - 135 8.7 1573 51 47.4% 100 414
TRG2 8.0 - 109 84 1592 51 46.2% 200 810
TRG3 7.7 - 111 8.2 1599 51 45.0% 400 1576
TRG4 7.5 - 131 7.9 1605 51 43.5% 800 3050
TRG5 6.9 - 111 7.5 1616 51 40.7% 1600 5708
TRG6 6.1 -94 6.9 1642 51 36.4% 1600 5098
TRG7 54 -83 6.2 1678 51 30.8% 1600 4320
TRG8 47 - 6.9 5.5 1708 51 24.6% 1600 3443
TRG9 40 - 6.0 4.8 1713 51 18.3% 1600 2558
TRG10 10 -53 4.0 1713 51 11.1% 1148 1116
Total 10,648 28,092
<9 2-17> 2015 7]+ LCOE(Current Market Conditions)
Sand
Colored bars ilustrate range across all repredentative plants in
£350 the ATR, Black Bafe dlustrate the repretantative ATE planmt
characteristics that align with the type of plant that would
£300 likely be built in today’s market
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2017 ATB LCOE range by technology for 2015 based on current market conditions
Source: National Renewable Energy Laboratory Annual Technology Baseline (2017), http:/fatb.nrel.gov
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[3E 2-36] 2015 7]F LCOE(Current Market Conditions)
CF Range CAPEX Range OPEX LCOE Range
. . Fuel|Fixed | Variable .
Technology Min. Max. Min. Max. Costs O&M O&M Min. Max.
(%) (%) ($/kW) ($/kW) ($/MWh) | ($/kW-yr) | ($/MWh) | ($/MWh) ($/MWh)
Dispatchable
PC 55% 85% $3,859 $3,859 $20 $32 $5 $71 $97
IGCC 55% 85% $4,141 $4,141 $20 $53 $7 $80 $109
Coal
CCS-30% 55% 85% $5,341 $5,341 §22 $68 $7 $97 $135
CCS-90% 55% 85% $5,906 $5,906 $26 $79 $9 $112 $154
cT 7% 30% $864 $864 $32 $12 $7 $70 $173
Natural 'cc 56% | 87% | $1,032 | $1,032 $21 | $10 | $3 $36 $42
CC-CCs 56% 87% $2,154 $2,154 $24 $33 $7 $58 $73
Nuclear 92% 92% $5,979 $5,979 $6 $102 $2 $80 $80
Biopower 52% 52% $3,889 $3,889 $3 $108 $5 $130 $130
Geothermal 80% 90% $5,055 $13,480 $0 $155 $0 $64 $183
CSP with 10-hr TES 42% 59% $8,133 $8,133 $0 $66 $4 $130 $181
Non-Dispatchable
g Land-based | 11% 47% $1,573 $1,713 $0 $51 $0 $40 $179
Win
Offshore 31% 50% $3,891 $8,331 $0 $131 $0 $105 $271
Utility 13% 27% $2,014 $2,014 $0 $13 $0 $67 $134
EE;EOV Commercial | 11% 18% $2,465 | $2,465 $0 $18 $0 $124 $204
Residential | 12% 20% $4,025 $4,025 $0 $24 $0 $180 $298
Hydropower 60% 66% $3,895 $7,261 $0 $77 $0 $69 $126




<19 2-18> 2030 7|+ LCOE(Current Market Conditions)
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Colored bars illustrate range aoross all representative plants
in the ATE. Black bars ilustrate the regresentative ATB plant
characteristics that align with the type of plant that would

likaly bee built in today's market
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2017 ATB LCOE range by technology for 2030 based on current market conditions
Source: National Renewable Energy Laboratory Annual Technology Baseline (2017), http://ath.nrel.gov
[3E 2-37] 2030 7]F LCOE(Current Market Conditions)
CF Range CAPEX Range OPEX LCOE Range
. . Fuel|Fixed | Variable .
Technology Min. Max. Min. Max. Costs o&M O&M Min. Max.
(%) (%) ($/kw) ($/kW) ($/MWh) ($/kW-yr) | ($/MWh) ($/MWh) ($/MWh)
Dispatchable
PC 55% 85% $3,728 $3,728 $15 $32 $5 $65 $101
Coal IGCC 55% 85% $3,876 $3,876 $13 $53 $7 $70 $107
oa
CCS-30% 55% 85% $5,072 $5,072 $16 $68 $7 $88 $135
CCS-90% 55% 85% $5,609 $5,609 $16 $79 $9 $98 $150
cT 7% 30% $815 $815 $47 $12 $7 $84 $182
Natural ["cc 56% | 87% | $983 | $983 $33 | $10 | $3 547 $53
CC-CCs 56% 87% $1,955 $1,955 $39 $33 $7 $71 $84
Nuclear 92% 92% $5,494 $5,494 $8 $102 $2 $78 $78
Biopower 52% 52% $3,692 $3,692 $3 $108 $5 $127 $127
Geothermal 80% 90% $4,865 $12,974 $0 $155 $0 $63 $178
CSP with 10-hr TES 42% 59% $6,096 $6,096 $0 $50 $4 $98 $136
Non-Dispatchable
Wind Land-based | 16% 51% $1,252 $1,983 $0 $46 $0 $30 $137
in
Offshore 33% 52% $2,494 $5,862 $0 $127 $0 $75 $192
Utility 13% 27% $921 $921 $0 $10 $0 $32 $65
zn;zm’ Commercial | 11% 18% $1,126 | $1,126 $0 $8 $0 $56 $92
Residential | 12% 20% $1,500 $1,500 $0 $10 $0 $68 $112
Hydropower 60% 66% $3,895 $6,996 $0 §77 $0 $69 $123




<29 2-19> 2050 7]+ LCOE(Current Market Conditions)

Ha00

Cofored bars illustrate range across all representative plants
£350 n the ATR, Black bars lllustrate the representative ATH plant
characteristics that align with the type ol plant that would
likely b built in today™s market
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2017 ATE LCOE range by technology for 2050 based on current market conditions
Source: Mational Renewable Energy Laboratory Annual Technology Baseline (2017), http://atb.nrel.gov

[3£ 2-38] 2030 7] LCOE(Current Market Conditions)

CF Range CAPEX Range OPEX LCOE Range
Technology Min. Max. Min. Max. Eoustse l 5'8):,\; d \gg&ble Min. Max.
(%) (%) ($/kW) ($/kW) ($/MWh) | ($/kW-yr) | ($/MWh) [ ($/MWh) ($/MWh)
Dispatchable
PC 55% 85% $3,859 $3,859 $10 $32 $5 $58 $109
Coal IGCC 55% 85% $4,141 $4,141 $8 $53 $7 $62 $111
CCS-30% 55% 85% $5,341 $5,341 $10 $68 $7 §77 $139
CCS-90% 55% 85% $5,906 $5,906 $10 $79 $9 $87 $152
cT 7% 30% $773 $773 $54 $12 $7 $89 $182
Natural ['ec 56% | 87% | $911 | $911 $38 | 510 |3 §51 §57
CC-CCs 56% 87% $1,665 $1,665 $45 $33 $7 $74 $86
Nuclear 92% 92% $4,851 $4,851 $15 $102 $2 $78 $78
Biopower 52% 52% $3,375 $3,375 $3 $108 $5 $122 $122
Geothermal 80% 90% $4,613 $12,300 $0 $228 $0 $60 $171
CSP with 10-hr TES 42% 59% $5,285 $5,285 $0 $50 $4 $87 $120
Non-Dispatchable
Wind Land-based | 20% 55% $1,174 $2,235 $0 $42 $0 $26 $116
Offshore 34% 54% $2,045 $5,050 $0 $123 $0 $64 $163
Utility 13% 27% $726 $726 $0 $0 $0 $26 $53
zr::i;m’ Commercial | 11% 18% $972 $972 $0 $0 $0 $49 $81
Residential 12% 20% $1,150 $1,150 $0 $0 $0 $53 $88
Hydropower 60% 66% $3,895 $6,646 $0 $69 $0 $69 $117




<19 2-20> 20154 7]+ LCOE(Historical Market Conditions)

5400
Colored bars illustrate range across all representathee plants in

£350 the ATE, Black bars illustrate the representative ATE plant
charactenstics that align with the type of plant that would
hikely e banlt b0 today's market.

5300

Lol
b
i
=

LCOE ($/MWh)
£ B

1 I I *
100 I -

a2
45D =
5 = = 7 2 = = = A
BEE 32% 339 (32 4% 238 (322 (32F |4ED 3=® 4Ed (332 903z E
Land-based Offshore  Salar - UPY | Solar - Dist  Saolar - Dist Hydro Solar - [P Geo Cioal Coal - OLS  Gas- CC Gas - CCS | Mudlear Bio
Wind Wirsd ComPY | ResPy power OTES | thermal power
L L J
Mon-Despatchable DEpatchable
2017 ATB LCOE range by technology for 2015 based on long-term historical market conditions
Source: Mational Renewable Energy Laboratory Annual Technology Baseline (2017), http:/fatb.nrel.gov
[3£ 2-39] 2015 7]+ LCOE(Historical Market Conditions)
CF Range CAPEX Range OPEX LCOE Range
. . Fuel|Fixed | Variable .
Technology Min. Max. Min. Max. Costs O&M O&M Min. Max.
(%) (%) ($/kwW) ($/kW) ($/MWh) | ($/kW-yr) | ($/MWh) ($/MWh) ($/MWh)
Dispatchable
PC 55% 85% $4,132 $4,132 $20 $32 $5 $90 $126
Coal IGCC 55% 85% $4,434 $4,434 $20 $53 $7 $100 $140
oa
CCS-30% 55% 85% $5,719 $5,719 $22 $68 $7 $123 $174
CCS-90% 55% 85% $6,324 $6,324 $26 $79 $9 $140 $198
cT 7% 30% $864 $864 $32 $12 $7 $80 $214
g‘jst“ra' cc 56% 87% $1,050 | $1,050 | $21 $10 | $3 $40 $48
Cc-ccs 56% 87% $2,191 $2,191 $24 $33 $7 $66 $85
Nuclear 92% 92% $6,402 $6,402 $6 $102 $2 $106 $106
Biopower 52% 52% $4,019 $4,019 $3 $108 $5 $151 $151
Geothermal 80% 90% $5,177 $13,805 | $0 $155 $0 $80 $230
CSP with 10-hr TES 42% 59% $8,273 $8,273 $0 $66 $4 $167 $233
Non-Dispatchable
Wind Land-based 11% 47% $1,600 $1,743 $0 $51 $0 $48 $221
in
Offshore 31% 50% $4,001 $8,568 $0 $131 $0 $129 $346
Utility 13% 27% $2,035 $2,035 $0 $13 $0 $86 $173
zﬁg’i;m’ Commercial | 11% 18% $2490 | $2490 | $0 $18 | %0 $160 $262
Residential 12% 20% $4,025 $4,025 $0 $24 $0 $230 $382
Hydropower 60% 66% $3,962 | $7,386 | $0 $77 $0 $92 $164




<29 2-21> 2030 7]+ LCOE(Historical Market Conditions)

5350 1

5300

4
£

LCOE ($/MWh)

E B B

S
(]
[
‘-

I

L

Colored bars illustrate range across all representatve plants
in the ATB. Black bars illustrate the representative ATE plant
characteristics that align with the type of plant that would
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2017 ATB LCOE range by technology for 2030 based on long-term historical market conditions
Source: National Renewable Energy Laboratory Annual Technology Baseline (2017), http://fatb.nrel.gov
[3£ 2-40] 2030 7]+ LCOE(Historical Market Conditions)
CF Range CAPEX Range OPEX LCOE Range
. . Fuel]|Fixed | Variable .
Technology Min. Max. Min. Max. Costs o&M o&M Min. Max.
(%) (%) ($/kwW) ($/kwW) ($/MWh) ($/kW-yr) ($/MWh) ($/MwWh) ($/MwWh)
Dispatchable
PC 55% 85% $3,992 $3,992 $15 $32 $5 $83 $129
Coal IGCC 55% 85% $4,150 $4,150 $13 $53 $7 $89 $136
oa
CCS-30% 55% 85% $5,431 $5,431 $16 $68 $7 $113 $173
CCS-90% 55% 85% $6,005 $6,005 $16 $79 $9 $125 $191
cT 7% 30% $815 $815 $47 $12 $7 $93 $221
g::“ra' cc 56% 87% $1,000 | $1,000 $33 $10 $3 $51 $59
CC-CCs 56% 87% $1,989 $1,989 $39 $33 $7 $78 $96
Nuclear 92% 92% $5,883 $5,883 $8 $102 $2 $101 $101
Biopower 52% 52% $3,815 $3,815 $3 $108 $5 $147 $147
Geothermal 80% 90% $4,983 $13,287 $0 $155 $0 $77 $223
CSP with 10-hr TES 42% 59% $6,201 $6,201 $0 $50 $4 $126 $175
Non-Dispatchable
Wind Land-based | 16% 51% $1,273 $2,017 $0 $46 $0 $37 $171
in
Offshore 33% 52% $2,565 $6,028 $0 $127 $0 $90 $242
Utility 13% 27% $931 $931 $0 $10 $0 $41 $83
zn;zm’ Commercial | 11% 18% $1,138 | $1,138 $0 $8 $0 $73 $119
Residential 12% 20% $1,500 $1,500 $0 $10 $0 $86 $143
Hydropower 60% 66% $3,962 $7,116 $0 $77 $0 $92 $159




<29 2-22> 2050 7]+ LCOE(Historical Market Conditions)

400
Cofored bars illustrate range acrods all representative plants
LI50 in the ATE. Black bars dlustrate the representative AT plant
chargctenisnes that ahgn wilh the type ol plant that would
likety bé built in today's market.
5300
‘E 5230
=
& 5100
. I I
§ 5150 II I . ll » .
S100 *
I .I N " ",
550 -
-

S0 . N - £ - r
Edp B3 B3F B3y E3F B3F B3 Bip BER B3P Dy DiF BiRidif
Land-based Offshore  Solar - UPY | Solar - Dist | Salar - Dist Hydro Lolar - 03P G Coal Coal - CC5 Qs - 00 Gas- CC5 | Nuckear Bic

i ‘Wind Coam Py Res PY prreT 10TES thermad =l
L n J
Non-Dispatchable Dispatchable
2017 ATB LCOE range by technology for 2050 based on long-term historical market conditions
Source: Mational Renewable Energy Laboratory Annual Technology Baseline (2017), http://atb.nrel.gov
[3E 2-41] 20501 7]F LCOE(Historical Market Conditions)
CF Range CAPEX Range OPEX LCOE Range
. . Fuel|Fixed | Variable .
Technology Min. Max. Min. Max. Costs O&M O&M Min. Max.
(%) (%) ($/kW) ($/kW) ($/MWh) ($/kW-yr) ($/MWh) ($/MWh) ($/MWh)
Dispatchable
PC 55% 85% $4,132 $4,132 $10 $32 $5 $75 $135
Coal 1IGCC 55% 85% $4,434 $4,434 $8 $53 $7 $79 $137
oa
CCS-30% 55% 85% $5,719 $5,719 $10 $68 $7 $99 $173
CCS-90% 55% 85% $6,324 $6,324 $10 $79 $9 $111 $190
CcT 7% 30% $786 $786 $54 $12 $7 $98 $218
g:;”ra' cc 56% 87% $927 $927 $38 $10 $3 $55 $63
CC-Ccs 56% 87% $1,694 $1,694 $45 $33 $7 $80 $95
Nuclear 92% 92% $5,194 $5,194 $15 $102 $2 $99 $99
Biopower 52% 52% $3,488 $3,488 $3 $108 $5 $140 $140
Geothermal 80% 90% $4,724 $12,597 $0 $228 $0 $74 $213
CSP with 10-hr TES 42% 59% $5,376 $5,376 $0 $50 $4 $111 $154
Non-Dispatchable
Wind Land-based | 20% 55% $1,194 $2,274 $0 $42 $0 $31 $147
in
Offshore 34% 54% $2,103 $5,194 $0 $123 $0 $76 $204
Utility 13% 27% $733 $733 $0 $0 $0 $33 $67
ZE;EOV Commercial | 11% 18% $982 $982 $0 $0 $0 $63 $104
Residential 12% 20% $1,150 $1,150 $0 $0 $0 $68 $112
Hydropower 60% 66% $3,962 $6,761 $0 $69 $0 $92 $152
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Step 1: Gather Plant Data and Assumptions

Capex Costs: Opex Costs: Expected Generation
-Pre- -Fixed opex* Data:

development -\Variable opex -Capacity of plant
costs -Insurance -Expected Availability
-Construction -Connection costs -Expected Efficiency
costs* -Carbon transport and storage costs | -Expected Load
-Infrastructure | -Decommissioning fund costs Factor

cost* -Heat revenues ( all assumed
(*adjusted over | -Fuel Prices baseload)

time for -Carbon Costs

learning)
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<Y 2-26> F v

[¢)

of thg NPV 4H4

[e]

Step 2: Sum the net present value of total expected costs for each
year

NPV of Total = ¥, lotal capex and opex costs,
Costs (1 +discount rate) "
n= time period
<oy 2-27> A

Foll g NPV A A4

o

Step 3: Sum the net present value of expected generation for each

year
NPV of Electricity _ 3, net electricity generation,,
Generation (1 + discount rate) "
n=time period
<ILE 2-28> Trespidv]go A

Step 4: Divide total costs by net generation

Generation Estimate

Levelised Cost of Electricity —

NPV of Total Costs
NPV of Electricity Generation
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[3E 2-43] 2 LH o] &F [T : %]
J e
S agy | THD ) geg | Y s #=
FOAK (OCGT) )
o8& 90 91 93 6, 22 11 32
O 7]ZH(Timing)
LCOES gl flo}, Z2AESf A2t A7]¢h ojueh Wifte 847} 9l=A

AR FR71%F 5, A7 5,

e AL FosTh of a1¥e H A A
oA 5 do] AQE+e oWt 7w s BAFstaL ot o] & o] Aoy F
AL og=z st=A Wl LCOEE 28 F4H2 4= th LCOE Aol =2

AE O A= 20159 L 7|Eo =2 it

<A™2-29> 7l AHA 71T
Project Start
Financial Close
Pre-development
Commissioning
Construction
Operation
De-Commissioning .
0 10 20 years 30 a0 50

[ 244] 7= A 717 (99 - d]
AeH(CCs) [ otz B
s AR LNGE ¢ oFsg
v o FOAK o (OCGT) A (54
AR A 6 2 2 4
24717 6 2 2
T 713t 60 25 25 25 25 24
O WL A%
d=re] FedAArt AHgele EX M E(land cost)o] AlE At e TR A
A4 2 PR A3 HA ATl v I, AR @ WPy HE
S 22 system coste AL H Tk



3. LCOE M #Hlo|A&

Casel¥} Case2+= 747} 2020 AR =« 7]&7]s Ed7], 2025 Al
ATt =9 287, AR OR Case32 7 dkd FHHE VEVE B AR
4 A7) V& W F5ehn 8-S YEdTh

[3 2-45] LCOE AH4 #Alo] =

Case MNo.
1 Frojects commissioning in 2020
(NOAK)
2 Projects commissioning in 2025 Technology-specific hurdie
(FOAK)
rates
3 Projects Commissioning in 2016,
2018, 2020, 2025, 2030 (NOAK AND
FOAK)

<Z192-30> 20201 d 715 LCOE (£/MWh)

CCGT H Class  OOGT 60OMW Biomass Offshore Wind Large SL,aIe Solar  Onshore Wind

200

154

n
(=]

a

|S00hrs) Conversion Rownd 3 =S UK
8 Pra Development Costs B Canstruction Costs W Fiwed O&M
WV arialvhe 08 W Fus| Costs ® Carbon Costs




[3E 2-46] 20201 7] LCOE (Central 7]<)

(£/MWh)
OCGT . Offshore Large Onshore
CeGT H | soomw | Biomass | “wind Scale Wind
(500hrs) Round 3 Solar PV | >5MW UK
Pre Development Costs 0 5 2 5 6 4
Construction Costs 7 63 5 73 52 44
Fixed O&M 2 17 6 24 9 10
Variable O&M 3 3 1 3 0 5
Fuel Costs 35 52 72 0 0
Carbon Costs 19 28 0 0 0 0
Total 66 166 87 106 67 63
< 9E2-31> 2020 W17 Ee] wE NOAK LCOE (£/MWh)
200
150
i [
140
120
[
80
D — - g
40
0
o
COGTH Class  OCGT GO00MW Biomass Offshare Wind Large Scale Salar Onshone Wind
(5 hrs] Convarsion Found 3 Py =S LI
[¥ 2-47] 20201 AEu]& 9 Agn] WzEe] 2 NOAK LCOE
(£/MWh)
OCGT . Offshore Large Onshore
ceel H s0oMw | Biomass Wind Scale Wind
(500hrs) Round 3 Solar PV | >5MW UK
High capex 68 174 88 119 80 76
Central 66 166 87 106 67 63
Low capex 65 161 85 93 59 47
High capex, high fuel 76 187 108
Low capex, low fuel 53 143 78
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<IL®2-32> 20251 NOAK/FOAK LCOE (£/MWh)

with Gy pasit camb.
comb. CC5 - ©05 - FOAK
FOAK

N

i

W Pre Development Cosis
B Variable D&M
W LCS Casts

<19¥2-33> 20254

with CC5S -
FOAK

CCGTwith  Coal - 1IGCC COGTH Class

QCGT

BOOMW
{500hrs)

B Construction Costs
B Fusl| Codns
& Decommissioning” Waste

Muclear PWER Coal - A5 COGTwith Coal - IGCC CCGT H Class OCaT

Solar PV

B Fined D&M
B Carbon Codtd

W7tz w& LCOE (£/MWh)

Offshore B3 Large Scale

Offshore R Large Scale Onshore
*ShAW UK

Onzhore

- FICRAK with oxy  postcomb.  with CCS - BOoRYY Salar PV =5hWW UK
comb, 05 - CCS - FOAK FOAK (S00hrs)
FOHAE
[ 2-48] 202511 NOAK LCOE
(£/MWh)
Coal - ASC .

Nuclear - CCGT with Coal - OCGT Large | Onshore

PWR | With oxy | 7ot comb. | 1GCC with | CCST | soomw | Offshore | Sedie | Ssmw
FOAK | comb. £CS {eCs-FORK | CCoFonK | H Class | Goohrs) | R3 | solar pv| UK
Pre Development Costs 7 2 2 2 0 5 5 6 4
Conéggét'o” 66 72 41 78 7 63 69 49 42
Fixed O&M 11 11 5 12 2 17 23 8 10
Variable O&M 5 6 3 5 3 3 3 0 5
Fuel Costs 5 24 48 26 40 60 0 0 0




Carbon Costs 0 6 3 8 29 43 0 0 0
CCS Costs 0 17 7 18 0 0 0 0 0
Decommissioning/ 2 0 0 0 0 0 0 0 0
Total 95 136 110 148 82 189 100 63 61
[3E 2-49] 2025 AHEH]E 9 A5H] Y& wE LCOE
(£/MWHh)
Nadeer | Gl c | ST | o | ccar | (256, oo | SEe (OBt
FOAK | OB £ES | CCS-FOAK | CCSFOAK | M Class | (soohrs) | RS | Sglar | "k
High capex 123 158 123 171 83 198 113 76 74
Central 95 136 110 148 82 189 100 63 61
Low capex 85 125 102 137 80 182 88 55 46
H;ﬁghc?&jxr 124 169 132 183 90 209
Lcl’ngc]?upeﬁxr 84 120 85 132 66 160
[3E£ 2-50] 201613~2030%d W7 To wE LCOE(£/MWh)
Commissioning 2016 2018 2020 2025 2030
High 58 62 68 83 100
CCGT H Class Central 57 61 66 82 99
Low 56 60 65 80 97
High 159 166 174 198 224
OCGT 600MW (500hrs) Central 152 159 166 189 214
Low 148 154 161 182 207
High 88 88 88 N/A N/A
Biomass Conversion Central 87 87 87 N/A N/A
Low 85 85 85 N/A N/A
High 136 129 119 113 109
Offshore Wind Round 3 Central 121 114 106 100 96
Low 107 101 93 88 85
High 94 84 80 76 73
Large Scale Solar PV Central 80 71 67 63 60
Low 71 62 59 55 52
High 81 79 76 74 72
Onshore Wind >5MW UK Central 67 65 63 61 60
Low 50 49 47 46 45
High N/A N/A N/A 123 99
Nuclear PWR-FOAK 2025 NOAK 2030 Central N/A N/A N/A 95 78
Low N/A N/A N/A 85 69
High N/A N/A N/A 158 146
Coal-ASC with oxy comb. CCS-FOAK Central N/A N/A N/A 136 131
Low N/A N/A N/A 125 123
High N/A N/A N/A 123 120
CCGT with post comb. CCS-FOAK Central N/A N/A N/A 110 111
Low N/A N/A N/A 102 105
High N/A N/A N/A 171 159
Coal-IGCC with CCS-FOAK Central N/A N/A N/A 148 144
Low N/A N/A N/A 137 135

- 75




2016 report
60
60
96

2030

2013 report
69
82
120

2016 report
67
63
106

2020

2013 report
92
85
136

2016 report
80
64
109

2016
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88
155
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[2014'9]
o2t #E A

E Al Aol 20149 % o 2HS AL ESta Qloem®,
b H2e] A HEE A3

X (20139 5) 2 AHg-31 o).

[2030d]
713 A FEA LD dA AAE 20303 B AHF GRS AL

S3t71= st

[3E 2-54] ZF AL 20143 2 20301 BHA
A1 A0 Q) ZON SEE SEg] [e) o
%X]—E_ﬂ' “l% LNG =T EE]_}__ Oé‘ﬂé?j- S Xlog F/H%b% e e H]—O]_,__ di
e | 89 | 3 | 59 +4 &) | @) | wz | AR
2014
A 2 2,578 | 2,845 | 4,057 | 1,398 | 388 514 525 104 33 135 - 289 43
(4 kWh)
A2
FATE | FARA | AAA DA |(PGE | FAA | FAA | FAA | FAR |FAA | FAR | - |FAR|FAA
Ra)
2030
HEREE |2,2425| 2,810 | 2,845 | 315 434 | 1,030 | 4415 | 1075 | 749 161 22 442 160
(& kWh)

(1) 2030 o] &M Mol thsl, FTIOHA] XY SXtollAM LEsE MY (FAH, X, £, Hio|2o42)2 &3te

o SYRE 7IM.



[3 2-55] 2014 2 SRHE A4 A3 e 2 9F=EHe] je
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[ 3-8] LNG &&3}teo] FAn] +4 A3t

74 ZA18]1(900MW x 1)

g = # A1)
5 et -
~ O 4/l FAPEARS] A7t
F7171 o
Btz A&
7]
A} ” O WE sjietd X3
A S1L628 M7516 1 o) wase) B}
u] BE717] B A4
Al
2]
A
z 71 A & A
/\} = = O] = ‘]_ [e]
5 AZ A O W5l AT 278 FA
" wrize] BAREA A8
Al A F A -
= 71,21 398,190
° O Fkoll YA AFEH|
B EEZAM L s
A A o] Hr1E A
8
Fof A
21 FAH] A 782,843 845,706
O AHFA ] thu] 67) AR
ALl
A& ) 31,314 33,828 An Aang Wl
2k | 2+ A 23,810 23810 | O FAPERA #7F A8
A A
w | A=A 7 H 31,314 33,828 | O AR ZAH 9 4% A&
of 1) B 31,314 33,828 | O AAFAIH ] 4% &
2 117,752 125,294
FAH| 900,595 971,000
A S50z}t 37,352 40,272
ZFAH]
937,947 1,011,272
(900MW)
F) 1. A= Y HF9 Agdd F2 AR AR5t JdormZ Fete] 7o Hls}



[ 3-9] AAEwde] FAH] &

FFAH]
g = 1400 MW 1500 MW T HAE
M570) ey))
NSSS O Atar] fAPdA @7t A6
7 B3 7] O Ahtar] AP &7 48
2}
=) A 3,420,099 3,893,070 | ¢ AFE7) GAPEAL &7} 2e
A |y O APR 15009] 7Z-f-ll=
= Bzx717] APR 1400 7]3<] FA}H] 9|
Ab A5t AANE S B
H] FAH F4 S7HE HE
Al 23 0] ZA] O APR 14002 27 fAbEHA
7} H A A&
T 2,045,226 2,409,451 .
. . O APR 1500& Al5+357] A
e WHe W 48
A FAH] A 5,468,955 6,302,521
O Azl ARFAM g
Ay
A8 528,301 533,018 Aang el
] 116,023 120,926 | O A &AH)e] B 2L
o ARk H] 440,251 283,614 | O APR 14009] 7$-ol& 37K
4 Z
4 | 1 FAbAL W7 g A8
H)3Zn)|, 9 Rz ], O APR 15002 A7 fAF
|| ol #, 31,682 25210 | 0 -
BIg 2 #7448
O APR 1400 FHFAHH] 9
of B]H] 218,758 630,252 4% AR 1500 ZEeAmE] 2
10% Z&
A 1,335,015 1,593,020
=3 AHH] 6,803,970 7,895,541
vk sl Py S 758,346 880,009
T3] 71E) 7,562,316 8,775,550
FFAH
° 3,781,158 4,387,775 | O H|E-FAH] 7)F9.
(1L,A00MWF 1,500MW)
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[ 3-13] ¥HHA $HHSE 7+

YHA A2y | AAHY | HaM= H 3
229kv HMEHE 25|4 154kV HE s
20Mw 0| &} 22.9kV (DAB(FA] 12 4) (DA AN
22.9kv HH ZCHET
20Mw 1} 154kV £HME 28| M [wags | '
~ 500MW 0|} VEAky (DS A 12 4H) | 1Bank © <IN
MHEHL o | o 7SMW
S00MWE T} 154kV T = | 154kV(A410m x 2B) 28| 274RE
~1,000MWO| &} 345kV 345kV(A480m x 2B) 2%|M
1,000MW %3} | N
' 0 .E.!- r o] -
~2.000MWOI 3 345kv 0| 345kV(A480m = 4B) 22|44
2,000MW E1}
i o]~ i A -
~3,000MWO| 5} 345kV 0|4t | 345kV(STACIR480m x 4B) 23|
345kV K= | 345kv(A480m x 4B) 28|41 2R E
b o | = _
3.000MWZ i} 765kV 765kV(A480m = 6B) 23|41

o] A oA LY FEAHE ofejo} go] AAHT

[ 3-14] THL FHAHEAE HF A3
A& dn A Aershe 7h2 5
A28 (AL /KW) 124.4 425 15.9
AEHA R (AL /kW-2) 0.06348 0.0310 0.0300
A< 748 (d/kWh) 0.91 0.39 0.14
HE EH1FAH(9/kWh) 0.11 0.06 0.05
A (Y kWh) 1.02 0.45 0.19
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19 HVDC Hl-8-(H8d0], $48 9 $h42)9)
(3l A
FEE J1FeZ A3 Aotk 19 HVDC BlE- 53} 717ke] dolol| wle} A ==
gebd 5= AT @A) B oR FgEle IS (2E5HAY)S o183l 2HgEi) ol
HEA (), ), )
r3lsl Zollon], AAGHLS 30 do R g k. A8k 1,23 7] HVDC 441882 791.9
AA/KWI(6.179/kWh)o]m o) A8k 1,25 7)o I=E HVDC $31118-S F 1% 7,500
o FEoaNE ALk Ao, Metdulel] dgE= ulg2 oF 75009902 o= 211.9
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[3E 3-15] A& A5 FAAL2017¢d 71F)

T FeHE(%,9/g) | A%, D/kg) | AA7F(%, D /kg)
dia - - 3%(671%)
A
2= - - 2%(6718)
TE | Ay | e - 30(24) 60
28A | ey - 27~33(21~27%) (42)
Z=olX gl - - 242

* 2017\ 1~3¥€-& 2490y Hed 309 A&

F9 201799 AHAE ALFATT Sieke FES G S YA

gt EE Algs Alefste] dgd s
Atk AA, =79 AAZYS AsERE FHste Awol e 45 o1& AA

of 7+ Aule] dAmulE A

9
9 =3 Fadd $ve B0s ARAAZ A9ER s 27 Yol

12 AP Best ok 3 olfE 2A 27

A vl F 7] gRolth Ex, ¥ g
o] RaEo] JuEte #F3F LU L2 AL A A9 H|§H 7o)V
e Aol dF otk AAl 299 AAE vt A

[3 3-15]°1A & o A=) HA7Ixel= Ht 25% S7HA 8ol A, 60

O

/kgel ZNH M A, 2429 /kg
dAetoll= #AS} FAFAFTS FAHA G HEHARE 309 /kg
o). oo Hlg] AR fEwEe olE 37HA Algel s 25 WAl
At

o
o

=
Ha

=
By

S
=

[3E 3-16] ¥H& Amd7te] AHF A

F-2+g (¥ /Geal) A /Geal) HA7}2(D /Geal)

AAMAAF) | 2300 | AATMAAF) | 21,260 | AHIPAASF) | 49,499

70 A H] A 0 70 1] A 5,455 A+ 7,033
T E* I i s
A A7+A 2300 A 7}+4 15,805 N7+ A 42 466

1) ZHEANAE 72 20184¥ 49 EE 36Y/kgo 2 QA of|A].
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/kWh, b
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I
Rind

o

e 0.03
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3-18] 24
o] 7] uwjZof

N[ H | || D
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H 3 E A=IF HES

1 @l QIS

7. AFSgH|E &E I Y g

(1) EHe ExiegH|8 &H HE

e UFE BAAER] OECDAHA A Ao FAHH &2 9489 F
LA 7ol A FEFS v T vl jAFEAZFHMIT)= Ad 2003 <Future

of Nuclear Power>$} At 20091 <Update of the MIT 2003 Future of Nuclear
Power>E &3l "= B A LAY HEAYAE AAZ vp Ao MIT=
2009'd €A+ Overnight CostE XAt 2003 ¥ 7}47}H($2,000/kWe) thH] 28] Z7}
g $4,000/kWe= H7lstdnt. ol dfddn g9 S7l= 1, vl=, o=, 42
S AEd FAMEA H HEARAES THHCE AES AHEA, XAt

103 5 4o BEUH S A% APHES FaUdow B

T

<2l il
PARCRE) O(WACC)E g3t oyt 7} %J(CCGT)Q] 78%HT} =& 10%E5 4
THE 3-19 ZX).

a8y FWe A #34 L AL #1,2 T AFIAALES v QHAFA
BeF A FFA AL o] S OWFMP@M otz ZgH7] o]l AlAd
AFEZA AR olrHT g v FAHEG B2 HIT FHE Alag
#5,65.7]9 AR &L oF 8x6H Yo E AWE I glo] oF 6x8H Yol L8F 4l
18 #3457] AR vl & 26% 5T AR HWHETh AHdE EFEA U
TAde ngu g BA MR 259 HTo] Ao o] B Ao o]
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[3£ 3-19] MIT 2003, MIT 2009 ¥Xu]&57to] 89 AH=Ed]|&

S O
Hol&

VS

Al

LIS

= Z 3T 2
w5 | oAz | 0F aas | Aveaas | TEEIRAEHE
Nuclear 50% 50% 8% 15% 10.0%

Coal 60% 40% 8% 12% 7.8%
CCGT 60% 40% 8% 12% 7.8%

Zx]: MIT 2003. <Future of Nuclear Power>, MIT 2009. <Update of the MIT 2003
Future of Nuclear Power>

[3E 3-20] MIT (2003, 2009)9] +52F Uidu]-8 H7pAut
Overnight B8 s
2 g ATH & LCOE
B Cost s ($25/tCO2) | (7.8% A&)
$/kW $/mmBtu ¢/kWh

MIT 2003 | Nuclear 2,000 047 6.7 - 55
($2002) Coal 1,300 1.2 43 6.4
Gas 500 35 41 5.1

MIT 2009 | Nuclear 4,000 0.67 8.4 - 6.6
($2007) Coal 2,300 26 6.2 83
Gas 850 7 65 74

=] MIT 2003. <Future of Nuclear Power>, MIT 2009. <Update of the MIT 2003
Future of Nuclear Power>

2 AdAnEHHE W Y v

f

2

el (1969) 2 ‘LAEH =AY B
20113 FFAIv} GAAL o]F A 2014 12

o

<- =

T

i

20143 713 (2014.12.19)0 wigt
71E9] FAZ 5009 Aol A 39SDR(SF 5,000 ¥)o=
t}. old wa} YAHALGAIE RAG 50009 Y o] vE) B A
HYEE 01€¢9/kWh FFEo|th. a2y ojn] FFA|uhd HALaL
002 o] X Astol A, Atard]s] o] 32]SDRE

g3kar 9lof, =] Ao Alagigo R g
JA &t wEkA Ao ALE A3 2LujE

AAFILA

DR

=

M
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Lt MAAFOM HEBE LT 0 tligt A&

o) Hguale] we =
B ). ﬁz‘sﬁ"ﬂ?fﬂw
of

& 3
ot w Qo] FAH NFo FUsel 9A ¢tk A7 wWyel z2a 9

(1) AtnHIzof cfst =7

FE 84 FAYRIHPSANE FEH O AT aclS ol s B B
47 PYEo JUATNEY dZAE AYst Ak AA, PSAS BHE 4
AAba] QYT A9 HFAH S shetsta, Abae] A9le] B & JE Asha

Aol gt olsiF ez, HFHA ZIHALREE AAst=dH JA Fo =A,

PSA= on] &4 Z7IAPA(RA, ¥AAZE F)dd d d7E & F Aoy,
ozl LA A &L 820S HAESA fedh AA, PSAE HHAFA Ve H &
Aol thgh AFAAEY dH g TS HASH, Tl HATFAI 7 ] ZH Aol
ettt &5F AAAAA AHEH. o9k BE FARE Qs PSA FA= F
A Ao Z Yehyr, ol avrE dAAA 9}

Z g7 dS& B JFH(Bizet & Leveque 2017).

S 71t g A AtaE 8 VdE e SR AlngEs wete
o7 AAFHo7T »E FF9 SR AY TAS H-EAgEA otk ey
APALHI = o] ARGl e AP Eoket 2 AAIRR Y] FaGid)dem Qe o

¢ W (law of large number)ell #HjE <= ZAE o7tk & o AETA
SR F A AR S AHE B on] 2HWHE Hold I TF
AR €]

AR Bgus AnARe B FAHOE AT F Ye /10
l|

B
Aol Thesiy, 9 AS e AA 931E EF Pl E3 43099 79

- 109 -



0

blo

27

ol LYo T YA HE FAF AR AgHM AF

g Al A

152

B,

A7 A

1
p LN

4 o)

e =

=

o olHES 7tsAIZIth olelgh FAE dE A

il

4

THEANL )=

]

c

1A E L3 2011).

&
s

bt gleh(

<)
gl

= Al

Ly
. .

|

=]

al

of ZJthA

)
<

ofo

Ap LTy ]

3](2011)7} 71tHAL

ARAEAY

K3
T

SABALAL o]

7 AAA Hel &<

=]
Rus

A7t

2]

A7 B =

Z}
S,

o 2 H] o]

Apawlgo] ZA Uhea, 977

1

8¢ #4583

]

H

[——
fi%s)

4
No

%

(Contingent Valuation Method)2 F= 4:H]|
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7]. Ho]'

A& o] ALl (Willingness  To
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2 &olidze =3
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[ 3-21] AAADAGEG B o) AP (B9 109 F=)

n = TE | RP | AFE EAAN &0 | 39 | 99 (3 A §@ 3
o A= | g3 | g3 |[&dF| 3 | &4 | gA (10953 &9
WASH-1400 | 1975 |  x x x - - - 14 19
CRAC2 | 1982 | x x x - - - 314 | 427
Hohmeyer | 1988 | 1,370 | - - - - - 1,370 | 1,862
Ottinger | 1990 | 629 | 38 - - - 667 | 906
Ewers- | Low | oo | 2740 | 38 828 - - - 3,606 | 4,900
Rennings| High 7816 | 307 | 179 - - - 8,302 | 11,281
ExternE | 1995 | 74 38 - - - 112 | 152
Eeckhoudt | 2000 - - - 342 465
Versicherung. | 519 | x x . . - | 5900 8,017

eipzig
Low 10 5 100 | 50 - - 165 | 224
Rabl & |Middl| 5515 | 19 8§ | 250 | 78 ; ; 355 | 482

Rabl e
High 50 50 | 1,000 | 290 - - 1,390 | 1,889
Severe 9 11 10 50 44 124 168

IRSN 2013

Major 27 14 110 | 28 | 180 | 88 447 | 607

Z*]: Bizet & Leveque 2017: 88
xe SRR FEAQ BUtE AP} Ay, = 8T E FrtE AT B¢

S AFAFT A9AA il
d A7 AFFT Y L9993 REASAA Tl REASTHAE

o
o ARAADAYNE WA} F FRAVALY FuES SR AT
9

THEE, GDPE F4tste] 862 9S WHFsH T Aladlx=e] 79 IAEAY FTulA
AT EF(LERF), AAGRAALAA(TML A2xd, FFAH~357]), dE
AR AAH@EI]) 55 72 U 2 U™ (OPR1000)o] &3t 23T

3 ARPEALH, 20119 HF AR

AABAO|E7ET HELANAF (9]
0.5%1/kWhE €33&= 4bste] 5729 /kWhE A A8 bf Qloh

a2t A7 A(2015) B A7AA L (2015)0] A& d& HEH AT FU A
e AAEAYD T SR 2 AARIECAA FAE Fa vk oA
2015)9] F EFTE AHAoA dE dXHAGH A g2 FUldd A A0
W E A A, AFRHIE FA] off dEo] AA 2 IE dHAI A ] ofd A}
THRzYAS FALdgeAd e AEZ gioh A7AA (2015 ZE A
A4S A A dE9 HFAAZEAHRE O FEE e olv Fu

- 111 -



=

H|
A

e
T

ZUHE

3
A TR,

17 eH 3k 8
=1]

3|
GDP

~

ol
o] A=A FAA A

<] o A

[e}

v} A
WTP(4,906-8,936%] ¥)

(OPR -1000, CF 85%)
(APR -1400)3] 9]

CVM
4

LY

A At e gl o

0.08 - 59.8

5.72

-

2

W
H T

T 0

)

=]

4.04(A
- 23.01(

ISR B A R B s

H

M g9 3

=

=
AHzA=Z ZIRALLRI =T HAE 129502 AFEHA

52.1-949

At )

9

3-22]

-
st

[

Al 2 (2015)
=7 3] of 24 A %1 (2015)

72

ol 73 <(2015)

]

Al Al FAHe R HAEI 9lof oo Iujoizid

T

[
AA

=]
=
[e3]

A A A

=

AA 7 v

3

H g HolH &
1

KEI(2017)

YA,

L

T

om, o] FgelA 2011

o

o}

7}

T

o] A}

ol

=
=

A

o 7hA AAlel wel HE HeE H

T

T

- 112 -

Aol Ui =27] wzel & AFolA



(1) A0 Afno] Sl M

dE <dAHE Y B HA=ZAD7IF>(0ls durlT) = 2011d FFA]eRA
Aol AAH, AAYAAE T 1278 dAHAG A BRI FEEAR VTR &
AAHY &5 g AL A =RAEY BEAGE B Lo R RH
Hodthe 98-S Wasta

A 719 EFA AL B gl Eauld S8 tig AL 2011 o F
d F7EEAlel ol HFRES & F fle *J olt}. 2016\d o|HAE FE
Z7] &g g ol widag el AAF o] widdA e o] AA H&A
2ol S7kle]l HA. ey 20169 A5 =AEEol AT 9 1-337]
22U A5 g T 7S AN FEAAY FES WNGstHA fEF
AR Fa 9ol AU =3 Ayl HI HH(2017.7)S T2 &3
w7 FEFATFE] AGHgo] A FrtetAA A 20161 ARl oF 2x4l
HAE A5sAT (<1Y83-2> FXF).

<Y 32> FRANLANT EETE AH BshEA

- 20 40 60 8o F4
JCER 2011 5 _ L MEE 5| S H2E|BhoW L 6 -po=MU ST L
(ol &R E Heh
Ut 2012 BB

2 2014 WEM 4B

21y ‘

Athzo; NN AM . _ o0 sug v gesezas
At 2016 G o N8N

Ul 2017 EGHN o NNSE

NI FI U H ST E), QY+ (HBIE)0| ATALH| ¢y

JCER 2017 G 30

nEsHd  AHESUNME "HER.EsS

zHar JCER 2011, 2017, xt=gE - A 25247+ & B2 148 &9 2= (F) 2017
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1406008 0.2 YHT FATHY HlE&L B3 26%FFo FET (CLHTRE

2011, [® 3-24], <9 33> Fx) ©F dEY g2 dAdd diEsiME 2A
30kmRHAU AFAT77F FJAH UThH ol & 7|Foz dRo] AAIIFH]
Sl g HS5E T Ao, telHAPZY AR ol FQlsty] ofHo
e tirH o G AAFHEJT HnA] AFALHR AFH o8I ¢
o] AL HE APl A A& AFTFAE FAF FJARY d¥E AR
8= = Ao olFd HANA A 2011 20159 F o 2AH FE
m = 3FFE ALS A A U o] B 3-8 AlE (NASA SEDAC)S] AALAFH S17H)
o= A9t I/t A Qlnlwe] HE3 vFEew &8dE F Utk F
AB = 3= A9AE Fol dRFUAAE EAA9} so|EoE T35
A7t afe] AEFE 2ANES BAsd AFATE FASATHNASA SEDAC
2011, 2015). [3F 3-23]= ¥ AHAEANAI(2011) 2 HI-E&HF T 1F(2015)°]
283 PHTFIL dE dFAFH 9 30kmu] Al o] B9} NASA SEDACO]

e ClFHolE S Hlwata Jth. NASA SEDACY FFAmt A1dA F
30kmul QI FRAAE ERIIAH Y RtgolA ¥ AA] AFAF ZHSL A
S 80T 4 Uk vk of 3vkH o] FJARo]= NASA SEDACS] A7t AF

Zwo] AFalEs AATEATEA A4 2@ HEely %)

—

lo o do &

- 116 —



ALARE 7))

B = ¥ 977 NASA SEDAC
HAHHFA A7 Al 30km 74 30km
7} A 94217 809,027 440,634
A 7)o 639,404 262,925
t}7}8hu} 397,106 196,360
T 7}o] 1,066,945 922,427
o] 3}u} 446,565 200,216
Al t}o] 976,308 227,148
AlEpd] 646,045 425,681
A7} 262,007 193,781
M7} 783,900 262,308
QU7te} 357,761 228,774
23] 474,500 158,114
o] 7)€} 264,122 140,433
En}g 85,435 75,770
3o 2 7} 935,491 591,440
FZ A A1 532,556 170,590
S Z A u A2 537,553 213,002
37X =8 98,582 73,199

g A 9,313,307 4,782,802

3 547,842 281,341

ST A wh/ ot 1.03 1.65

EH: LI

ZIRRL A 7 VBl R N R R 2011,

NASA Socioeconomic Data Application Center(SEDAC) 2015, Butler 2011
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<39 33> FFA LA

<

AL
A (2
ey

L ang

| 'ﬁ%illlﬁi', _
{ £ /e
e i JTT
M o ARG
L BN

HE7g20km, 30kmW A7 2 FEA FE 7HmSy)

[E 324] F2AT ATAA PG

e YT 123

8 10 km

IS S [ T— | |

Z*]: MEXT 2012, Integrated Dose Estimation Map

& A2 30km¥A W-9] AA|1TH aL

A= FATHS FJT | 30km AW AT 30km #9| A+
HH AT 40,400 3,800 36,600

A FH IS T 70,900 61,700 9,200

Wb Xl 342,200 2,200 340,000
[T 5,400 5,400 0
Fig BEmT 7,700 7,706 0
B BT 16,000 16,000 0
JH AT 2,800 2,800 0
KHENT 11,500 11,500 0
A HEMT 6,900 6,900 0
IRTLHT 20,900 20,600 300
Bk 1,500 1,600 0
[EIEEE ) 6,200 300 5,900
& at 532,500 140,600 391,900

=2 XERFESE 2011
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U X7 ATFHANE YFFHE VIFo2 & Ay BB TFIAALY
ANTE AGA AT A7 e webA AFFEe Zpol7t A 4 St} ol
T o A FFAIPAIAL o] % [AXEAA Fo WE 9 WA WA A ]
M7 (2014.5.21. )0 weE} 71E WALANIGAIE 7G-S - EsetHA oA B
T2AFIGB~5km) ¥ NFHEZRA] A ETH(20~30km) 2 FE3] FHg ub gl
th o] A A F(H)FHANNE HAAY RHA0kmE 7IFOE AFETE AT
£ w8, JAste FARG vlwd Fegk AT 9HAE30kmY 17 FAH
o A+ F&olg ([ 3-25] Fx).

3t

¥ oo B gAsD Qe olE 9 FRARAAAY AAYHL AFF A4

ARG F)zel7] W AFSEATINE 4
1

d 714 g By QY 5

s
)
N
>
it

o

A9 A9 NASA SEDACY Azt FUAEHT 233 oF 10%(eF 389H43)
AA A=, ols Fah &3 5 A¥E FAAY

SEDAC®] A4 0] 30kmAA A o] v Aol AT 5 3= A
2 B a8y S wh30kmy i
Sl AAD =3 7-8wE FE9] ApolE Hole
Atk (3 3-25] ).

S deAEe vad F, FFALA wA30kmy A7) Ve AT
A7IE AFTEHE FUTERS556%), AAl AYVIE AFTH AT(140,6007),
NASA SEDACS] FAF(170,590%) & ol= Ao2 Agst=tfe] we} ATH
A7y AA @i € 5 Ak WA FFAA AR :
&8 B EAATE 2498 SHA YA, AAWE 30kmyl AFS AT
AAG s Eeke] dedo] ol =4 dAl Ag7E AFSE 2
€8 A BAATE 9452 A wopAEH, o BF F=3 BT
A BHA30kmW AFSE gl I ARl HET|E] tE F A Al
A, A F=e AE EF NASA SEDACY AzE Wdd A4 B =
73302 uvehdth & A7 = vlae] dads 98] NASA SEDACS €44 uHg
30kmuf ATHAE FFAI0E tiH] S A HEE BAArE HEdn
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[3 3-25] =] A 3 FFAI A3 vHE30km] <17 Wl
n o= HAHTLA) = NASA A}3] 73 A d| o] £]-3--8- A1 E]
WAL B A 8 -
QAR °. ¥h7 30k
e 71229 (¥-7430km) ° Jvkm
k) 3,823,266 3,443,400
44 1,298,739 1,306,4501)
<3 52,325 80,562
3% 139,078 171,276
A 5,313,408 5,001,688
THAHH T 1,328,352 1,250,422
FFA kA < 532,556
T = T 170,590
(AAAZ7IEH-A) (140,600)
g/ A7) 2.49 (9.45) 7.33

=4 9z 9193 2015, NASA Socioeconomic Data Application Center (SEDAC) 2015,

Butler 2011

O AY%F25(GRDP) ¥ XNIHF

o)

—L
" u

[ 3-26] A0 AHF45 9 Bads
ne | o GRDP 199 THgrE | B9 95 | THErIE
(M =kel) | GRDP(4) (PPP$) (2l (PPP$)
2010 | 2,029,064 | 6,936,791 | 3,418,715 -1 4,073,39% -
2016 - -| 3,552,045 34961 | 4,232,259 41,656

o JEGAE aNF AL,
¥ 2011~'163 7|3
H23~H28)

197 AR AR S

FRAE ANARAIEE 3.9%HE (TR A4 H A

1) NASA SEDAC (Butler 2011)<] 2011d €A49A A7H A= 130,000 0.2 A=A 21}, NASA SEDAC (2015)9]
AA = 1,306,450 2 HAAHUS.
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[ 3-27] = A3FH AFFLS (2015 2 H)
. 1 ZGRDP OIYGRDP | v & 32k
AL o A=A ] =T
e (H9) 244 (H9) (PPP$)
ARG A 23,056 g (F-2H) 42,111 47,030.4
=Ahg A A 61,166 % (A) 37,388 41,755.6
Agd= 37,388 44 (BE) 35,814 39,997.8
AFEE 35,814 =3 (BE) 35,814 39,997.8
oo 39,356 LAR G5+ 37,782 42,195.4
i BAAR A= NGt
[ 3-28] =] A FHAGE FF A=
=R o 7FF o
A e S 9] 2] =] o3 1 SE=1 T-ul = gkt ST
54 2,916 1 () 3,573 3,990.4 47,884.7
< At 4,230 933 (A 3,381 3,776.0 45,311.6
Ao 3,381 44 (BE) 3,186 3,558.2 42,698.2
a5 3,186 =3 (B85 3,186 3,558.2 42,698.2
il 1EEFH 20164 Al dE F ZEAZE ZAMEA
[3 3-29] FAeket s AAA AR HE AGFL5 2 dF vl
i A mE () YL () Y L/ S F A v}
PPP$3H& 101.6 895.4 -
BEde 4,232,259 39,978,000 -
(PPP$E-A1) (41,656) (44,648) 1.07
s ZGRDP 3,552,045 37,781,750 -
(PPP$EH4H (34,961) (42,195) 1.21
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e —?—’Mﬂ}%@ AGA FRA ATEAE AR1-35719 w=Ae] 9

7OO-H]E}H1]EL"—4](PBq) , °olF AparolF 2011d 3¢9 2R

ZFe] 10%°] =&t (TEPCO 2012).
T F A et gl Micho Aoyamail 58] AFZAME T} FFA]
=4 (1~33 7))l 715 Cs-1378EHF2 14~17 PBq A=olal o5 )4 &
~15 PBq, 73743t %& 2 PBqo2 A3 n} Utk L3 AP &%
o Cs-1379) &#He =288 3 FA3F 3.6 PBqE AAstaL Jth (Aoyama
2013). Aoyama® o] ZAMEHRS FASETE SFAIvE R4 tr|Toer wiEE
Cs-137 W75 &% S S 12~14% =, olE 10%=2 F383% =adgy &
zlol= §le Aoz HAY
olF t7|Z WEH AE-1378 F37 3 HlFo| wi AT
2 A AdFol AdiHolAdn. FFAvF A}
A% 391597 dAFeR FEFel UMy, 3915 o|F bl HAFo] AujA
g

Fold 94 =4olM di7lser WEd Agel of 10%% SA= Fsigh Ao
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- -
o ok, d)% k UIZW
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o o
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w (1%
kil
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1) 1PBq = 10"Bq
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[ 3-30] TFAPFLAALL T Al45-1379) A9 e 3

ME137 W= - = ok
=4y @+®) e N
%% Aﬂ %137%_% ‘H Ok 7} ‘} o X} 7} ‘].
9 ° <)
(PB9) | TEPCO | Aoyama 2 e JEPCO,
TEPCO | Aoyama| TEPCO |Aoyama | *0Yyama
A2 17.5 12 . 1] - 2] .
7 7
700 145 10 O |48 35
2 20.5 15 10%) | 13%)

=] TEPCO 2012, Aoyama 2013

O

d A7A sAE AT R ARE FFAIN ARLSE m4dA tir]EY] AlEn
AS A9fstal AT E] dEHom Auj3

AN U7|Fog g

3%

F&(Xu et al. 2016)3 3916L~24Y4 7|3t FFA v} A2 BRI A Z
A 2 s SHU 7L AEAMIE(NARAC) S FFAInt 33 S35 WEAog A
Alskal kD2 F A= 39159 FHEHF T SHYES

Be] Ed FRA dAAGe] AF ®
3]

[% 331 €& 713HY FFA0E & ywle] 9 Adlitho] #ZLdA A

1981~2010'2 717t&<t #5d 4897 53 HUSE 2dIdFE HoF= “HAH

o|e”AFolt}. A FHlE(win 3
]

SolAwk BAFF Fdo

1) FFA vk A1Ld A9 27173 YrlaAGRID), EvI7HER), AdelUIR) 354 52

A ANGFOE 20119 399 FFe|olE] thRo] FYHlULh F FATL FRAT A1
A AN B 38kmo] AN oletH BEA(HZ TS, FEHUF 10kmel ANG F7
ek A2NA(SE 39 BEARE A& A

2) NARAC-WRF: Nat1onal Atmospheric Release Advisory Centre - Weather Research & Forecasting Model

) FUEE 59 BEAYAN 54 /12 24 w9 $F 28 WEE P} woke] 2ol el
doElelch B4 FH MES MEE(%)E 167) TPl thgIt WelB S0 eldel Bolz
UEAY 2 ubg £S5 A2 doE st =3 F2(FR) Ee FF(<=05m/s)9] =9
MEE ez @011 FA ALY 2 Aste 9= Ut
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JEFFo] ANAYS BT Utk vIE AotE RrolAW, B AL FTAH
AA AFe FFE F71HQ AdHT BE FFS LA UFS BAF
<9 3-4> FFAWE 311~169 4 FFAFE B 316~24 B TFHEFE
%5‘1_)‘1 80% - %%% NNW &% NNE
£ 60% =5 w - e : Nl:cl\:::F -
10% e
AMEM - 66% S5 stk
M = w E
}Ci EE"‘A“} I %‘E"% Wsw ESE
LAH EZ(3.15),
Sddste Fa?l
A HE sw SE
IE!‘ LU\-I IE'" 'E'P% SSW SSE
E#]: Xu et al 2016 (Z}), US Nuclear Regulatory Commission 2011 ()
[ 3-31] FFAIvdA A #A 24 HAGITF 24 (1981-2010 B +)
U] ol (J4IT) B4 Aol (IIK) B4
=8E(%) T ZHE(%) T
1H 14 M EA 25 A EA
2] 13 A EA 24 REDY
3/ 12 A 21 MEA
4/] 8 S5 14 M5
5J] 10 S 15 Ehcy
6H 10 s 17 s
7H 10 FHE 15 oy
8H 10 Hds 15 s
9J] 9 554 10 s
10 /] 9 A5 8 A
11)] 10 ol i 14 A 5A
124 14 A5 22 REEDY
A4 B 73 FFAE U ](Edl) "ﬂl’/}ol(}llm) 4 "HA7EE ol E”
¥EPES 1670 91Y AA €3 S8RE T HAu=d FF9 HlFS £

d) =

ST
K3

U 9d dAAFe FIFA
FHHRHoHE AME
Xoﬂ}\

q
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AES, 4%, 4

2 gslsfa] vust

714 %
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de] A 10d7H2007~2016

Wy 2E ?deol sk Asfetel AASf AT
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W] <At
[

+ 2] xX1/2 =15

N

S

w P 2.0 —= E

j?f” ;

Ofe

SHI = S A (F-4F 2007 ~2016

=

A A
A

B)

S 0 4 & 1215 20% = 51.5 38.2
N =
7t | = 43.5 40.7
2 | e 34.1 54.0
// AE 57.0 28.3
w :—}\411 f E w
"iﬁ-\%\' 0 X
TRV 78RR, AR = (R4
ode EUE Ul dAYA AFE 1A 7[EAHQ BAHASTE ofdi et 2
[3E 3-32] ARk div] = U 9 JAAH RAA S
=5 e e R I = T LAY BAA S
1023 GRDP PPP$ 34,961 42,195 1.21
IEAF PPP$ 41,656 44,648 1.07
21 AH 27} A% 99 100 Rt
21 (30km) 22 170,590 1,250,422 7.33
A= 7F 7] 3 1 0.33
AEHS &t B 1 (X1%) (ME1+532)/2 1.50
» A AAAYG B
2g

— 7= NASA 243 3 At o] ¥ 3-8 A Bl (SEDAC) A AL
- AAAFFAANLS FAA(2015), &

S

TR A A, (20109) 2]
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Jel W 5 BEAAL AEde

&3 AL v %ilﬂr&%ﬂa

2 AAHAIGARZE Al EulgS BEE A5 dAAStS oy 4AFA0E =
oAt o] W FEEElge 20119 A dur)Y AF, dAEATE S A
FRERAAA] A4 409, FIH AZPLAFLS 20109 dEY F dd @
ALdAE A&ATh

ARAD = At x 2a" AAnRAEE) - 4 AR E

AAQ = (K = AE77h) - A7 LA F

= (FEaE - AAMAATE) - T AWEAF

O RUZHE 7|y (FEF=E2 e Hy)
Yo HEHTHALE(2015)2 I AELSAS](2011)9] FaF=e 93 H]

SAgAel dis] SFAwRALIL o] & bt Ao wel AFaRIE7} ﬁi 50% =4
HAS A gz oz Wyt ol T YA IFS dE9
FAPFALIL o] F LM AGAF A E AT, ARG EA] F Y
qAFo]| ZAS S FFAIRALL o] AH] dE ] 9He] FUAaNIEsL F
1/28 7H23gs 39S gk v & AZWG(2015), T A ukA}are] 3 7}
gd dHE9 ATFEAAHAEAUB TN E vH7] f8] AAAIGAE 0] kA
£ AAS olF FEEH YFYBW/HPRA) A HAlo]H ] PRART =
Ao whgE AT AASAT oA dHE A7) o9 PRA H7}

st ole] 300] A ARAT F A4 =4 £ AR SRt 2 FUE AR

=
_{
of
o
>
M
=
i

N H‘1

1
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-

Kl
k1

z_lllo
“

(1/11,235)
(1/4,545)

742
Al

3
1

0.

H

H| & AZ=WG(2015)&
3.2x10-4 (1/3,125)
=1.5x10-4 (1/6,666)
1.3x10-4 (1/7,692)
=1.2x10-4 (1/8,368)

2.2x10-4

=8.9x10-5

At A =Al4A PRA

6.5x10-7
6.4x10-5

HEAYY3(2011)¢ 2HA A A

§EH 2 2 P MEEWG O 3 [l 2015)

Ll

3

6.5x10-5
5.4x10-6
o

=

for
=}

A zpols Fashh

=

A9
(1/5,200—1/12,100) 9 <A, AR =7} FA )

P = A L X — Gl A

=]
AR

o

]

zZ
)2
WA
o T

]

Ll
Fek#3,4
by

[e)
2.5x10-4 (1/4,000)

=8.8x10-5 (1/11,364)

=2.0x10-5 (1/50,000)

A 0] 3

]

=

A
o434 | 6.1x10-5 (1/16,393)

T PRA

slub#3, o] 7VEF#3, AT}o] #3,4

Altkol#1,2, Bt

#3, ¥l

S

=

kY2

°©
o

Altko] #1-2

47}

47]

T

AN
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AEAQ = Aba e /A E7IZE(d) - A A S
= Atngs A/ AAFE (D) - P7F ¥
= At /(74 X AAE) - A7
= Atagafel/FRd - Az

= FEHHEXEZEAZNEXT/2(FHAZAEH) - AL A F
ol’del 374 g AuE| e whE AR E ofefet 2o

1) E3A0} 28720 AlU2|2: YHj7|T 7|= v.s JCERI|E

(=4) Au) 7] JCER
O &g 9.704 38.8% 9.704 11.2%
@ #H=z 8.000 32.0% 32.000 44.9%
Q@ A 6.000 24.0% 30.000 42.1%
@ 3A AN 1.291 52% 1.291 1.8%
_ 24.995 0 72.995 o
A (@52 40) 100.0% (7324) 100.0%
(2 Zt H8F=EEH I BEHA+HE
[ 3-34] @ Esful/de] mAge 44
1) ] dstest - EREEC
715 20164 PPPE&ZF L) | HAVIE - 1 ol
ol ga) g SIS o sokmy | 2T =
dsh(gd) | dsH(A9) Ash(2 Q)
AAE R 5 3,374 29,735 ol 7.33 217,958
A2 £=3) 11,513 101,464 AT, 7147 2.44 247572
A2 I 3,681 32,441 A | 1.00 32,441
HA B3 2,883 25,408 A=, Q71 2.62 66,569
] O] A= A)
YHEL, 2072 196,283 GRDP, 2l 7 9.41 1847513
Z3HA| 3k
DT P o]
(GO oy 3,206 28,254 GRDP, Q1+ 9.41 265,945
& 5 3,299 29,074 GRDP, Q1+ 9.41 273,660
A&7
A}A s 5)er 13,559 119,495 1 7.33 875,901
=73 K23 4,598 40,522 o1 7.33 297,027
FFAE -
A= 250 2,203 2R 1.00 2,203
AEA AL 5 28,406 250,342 o1 7.33 1,835,006
_ 97,041
3 A (9.7% 1) 855,222 5,961,795
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3-35] @#H =2, @Ad, ®FFGr o HAY

A} xg

-

2w w) 7] T JCER BA7IE | BA | dwi7]|F7IE | JCERVIE
- (Al (<) |(F7B30km)| A | BAN(HS) | BN )
H =2 80,000 320,000 74 0.33 235,010 940,043
A 60,000 300,000 | 715=AE | 050 325,948 1,383,507
3 7w 12,910 12,910 TRA 1.00 113,749 113,749
3 A 674,708 2,437,300
[3E 3-36] &FAIv} 3R] g H8 Avge TF
u Huf 71+ JCER Aul 71+ JCER H. 7Y
T (E) &) BAN (Z9) &L
@O E=3u) 7 9.7 9.7 596.2 596.2
@ H= 8.0 32.0 235 94.0
@ ( f;] ;gt&cg o) 6.0 300 326 (17'?2'1)*
@ YA 7n 1.3 1.3 11.4 11.4
g A 25 73 663.7 840
ﬁéﬁjl&% e AAWsEES] F30Hde hygnl&(AHdAd s 1A718)S 483

[3 3-37] A7) 7(2017.7) 71% 9

=3 44 a1 kel 470 A S
@ &g 39.9 595.0 1,667.6 82.2 596.2
@ ¥H=2 23.5 23.5 23.5 23.5 23.5
@ A 32.6 32.6 32.6 32.6 32.6
@ P73 11.4 11.4 11.4 11.4 11.40
% A 107.4 662.5 1,735.1 149.7 663.7
[3 3-38] JCER(2017.4) 7|& AAFAE FHALA] FE30H]-8(Z29)
=3 244 g kel 470 A 9 T
@O &3fu)7d 39.9 595.0 1,667.6 82.2 596.2
@ #H=Z 94 94 94 94 94
@ A 138.4 1384 1384 138.4 138.4
(AFIY7ZE) (719.4) (719.4) (719.4) (719.4) (719.4)
@ Y77 H 11.4 11.4 11.4 11.4 11.40
T A 283.7 838.8 1,911.4 326 840
(BFHY71E) (864.7) (1,419.8) (2,492.4) (907) (1,421)
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1/kWh, 29.979/kWhe] =&H o}, o
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|
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Hel &

J

LS

z

75 H

S

A=
L

ke

()
596.2
94.0
1384
113
839.9

(1,421)

35x10"
9.81

29.97

(50.70)

JCER X
29719 AArH Y FF

[¢

=

=

Hul 7152} JCERY]

1/kWh=2 =Z vk ot 9o vh

I

€

[e]

=

596.2
235
32.6
113
663.6
35x107*
9.81
23.68
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Artar A47]1E 7|hA &

1/kWh, 33.39

I

h N

o

1/kWhZ

I
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o
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1 /kWh=
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o

3-39] AlA
Z}z} 26.38
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o]

3

[
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=
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[ 3-41] &R 2 ARRIE Ay o AL PRl

. o1 H 7] n) 7| - JCER JCER

1H 3 )!] = -
s 71 71F 71E 71F

BA7|FWHY 30km) | A G A o H = A S H = A H -
dnlg 22 &7zt | EAZHE | &37)Uig | RdZ U CVM
Al P& 29.97 33.39

(&1 kWh) 23.68 26.38 (50.70) (56.49) 52.1-94.9

2. j7|=2Y H|E

dde Aasduige] A e golzty Heddy) 7pAaEge] o
Al o g2 7| A& o]itstganEoltt. 4 W] HARlEFH
J ol

[e)
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HEA T2 Aol H7edEd 53] vAEA 23k A4
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grle@ede] fuste Asulgol E o2 X FEARI} dEE )

ATZE S92 1998, =84 -E%F 2004, 2337 2008, AZE 9] 2011, AEA
WA 2014 5o A AT EE ExternE, UNEP, Holland & Watkiss 2002,
AEA 2005 18]35 Z o o] Fo] X Parry et al(2014)7} Atk o5 AT F3H]
S Aok 2 Wt olys FAANVIE ME TN A FuAs =T A

&otal 2 AFoA = Parry et al, Getting Energy Prices Right: From Principle
o Practice (IMF, 2014)°ll A 233 ¢-gvbet Lo 7] &S AFEgho

B A7 T AF ARE F o1F 9 olfE 27 AT AA, 5 A



e

270 78 HZol A4 E A Aotk =4, A AA w7hE ddeR &
E FAE BHLe] AA X9} Fe AFE
T7hA aEsEta iEE LEEEY FUEZA AbAve Aotk AlA, A
I&5E PMe Jsjn]&vto] oy} SOx9t NOxeo| 231 AAld &3+ Hs)71%]
aEstA e Motk EE dF EUHY3 AA o2 &4¥d FX= ofY ARk
71E9 ol FAHARG WHEFSEY Ao R Aol Erha dddn
5

o] =x|7F 201013 7)) I su]go]7] wiEd olE 2017 7|F
a5 S 20179 % X9 merxg g EBriuslA 2016
Ao 2 AHAsY] 918 Al B VY AA EVVESE 199 GDP

Z7h 502 BAT Bast vk ¥ ATE oF 4PN AEd RYPAS
A

o
T
it
;L

A A, Parry et al(2014)9] 2010d%= 7]F=ol 9t stare] 2 AT 3HI &S 20161
7HA -2yt 199 AZAGDP $7124.7%)% &vlAl E7HE5(10.9%)E 33t
AAG(1+0.247+0.109=1.356) 5 4t&35tal, I7PE A53t0] 2L 20108 % 7]
o] ol 2016 % 7|ELE ASHHAST 085 AH&sto] 2016 7|E =7HE
Satele] BAA(=0993)F d=shith. °ls 7 UMY BRAASES ¥
1.347(=1.356x0.993) ©. 2 Parry et al(2014)2] =] a|u]l g F=XS Ak

BN

MN

B>

e

[3 3-42] 7] e dn] &9 BAASF A

T 2 2010 2016 HAA S

1) 2557 2 BAMSRA 1.356

3= 1919 GDP 100 124.7 24.7%

S AW AHE VA S 100 110.9 10.9%

2) I7HE 25x0] 1A 0.993
3+t ($/ 91,PPP) 30,376 35,750
OECD($/ %1,PPP) 35,165 41,730

(S5 08 18 0.8895 0.8836 0.8836,/0.8895
3) TAEAGAF[=1) x 2)] 1.347
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olE ¥afnl &2 Hr|LAdENT Hlgo]7] WTol Heddn rpAaEgre] A

: -]
= R 1
d9g g eduEd = AUV N2AFE ALea o RuLe A

[3E 3-43] F-Elvel 7] e duiE el Jsfn 82016 71+)

1] o} A ($/ kg) SOx NOx PM
ek 35.2 25.4 46.0
20103
LNG 34.6 25.3 455
ek 47.4 343 62.0
01613
LNG 46.7 34.2 61.3

[3 3-44] F-2lvet di7l e Al 88820161 7155)

=] 3] o} (9 /kg) SOx NOx PM
A ek 42,415 30,629 55,450
LNG 41,765 30,552 54,792
(72} (16,430) (6,161) (68,949)

o AFE

wlgo] 7 Aule] thet vl&RslEy] B @4 A B v 542 A28

= QoY) g B Agels A2 A Aule HAHNE (19he] /RSN
%

D) 4% 5l AzolA 7haESe mARA wEASFE dEshe 497 lou ole ZhAESHe] daitstE)
2ol e 22 AEES Y Aor HAn & AFY AF tEETY AaidsE v§) vlgol 2t
& AA S Fanlgto] ofye} olm Qal 232 AAHHE vAEA Y JAsjH &R Zishe W ol7] wWE
of 7pxEgto] 23k AAFE Tl FEshe vARA HaulE2 ojv] AAkstE o] dainl ol EE o] St
[3-40]1e4 724 A sFA o Ha] GastEolyt A2stE Jsjulgo] FHl2 S7k 22 o] # 3 AH4
el 7]dskes SHe]
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[3E 3-45] At 3} 7t~ E3ke] HAAA 7 wEAS
Q. ok SOx NOx M
oo 71 RESIES EESIES EESIES
MW) (Sm3/h) (ppm) (ppm) (mg/Sm3)
2 Er3}h 1,040 2,381,587 15 10 5
T~ E S 952 2,438,596 0 8 0
F: Nekslg o] A9 xFdFe] NEs AMgsE Aoz 4A
(kg/ MWh) SOx NOx PM
ShRR= 0.0981 0.0470 0.0114
TR 0 0.0388 0
[3E 3-46] At} 3} 7t~ E3He] AR 7= wEAS
SOx NOx PM
Q. 2 A -
&% | WR | wzz | wmeaz | Wz
(MW) (Sm3/h) (ppm) (ppm) (mg/Sm3)
2 €3} ¢ 1,040 2 381,587 50 50 10
7} B 3} 952 2 438 596 0 10 0
(kg/ MWh) SOx NOx PM
2 Eer3} e 0.3271 0.2351 0.0229
7} 283} 0 0.0969 0
ol tirjedn| g RAI HAX " FFA|H O Q% vjEASFE H83A
Aehr A AR gy AE Y 7] dn 8-S At ole [® 343|139
o AAARE BY 94 99T 7L AEADY] 9§ H 82 Parry et al(2014)9]
FXE BAZ FX7F 73 AR R A4 vehdoh A9 73 Alde wjE=
Ades 71 FE-dn5e HAXE FL&3 v B A= A Agdule A
AR} 71Z2ARE 73t FAIX Y 2714 ¢kS ALY ed AAXNE FH L3
A5 72 A8 v&RY tgA YolXH, {fAXZE stH 53] AeitHe] aed
N v Folxth
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[ 347] AR 2B Ee orlegu g 3

@ (}E“%h) SOx NOx PM SHA|
ek 4.36 1.51 0.66 6.53
(72F) (5.21) (3.06) (1.16) (9.43)
LNG 0.0 1.21 0.0 1.21
(72}) (0.0) (2.38) (0.0) (2.38)

( %(/23/3]}1) SOx NOx PM A
ek 14.54 7.55 1.33 23.42
(72F) (5.21) (3.06) (1.16) (9.43)
LNG 0.0 3.01 0.0 3.01
(72}) (0.0) (2.38) (0.0) (2.38)

W72 Au &3 shRs AR olaslEa HlE A e Fito] oAtk &)
7

9ol gul s ge) AA o= Ueloa MESHE oldstea 1997} £
28 A7)

ste 3n & FYsiy, Hr|eAu & Hte oitsigid digh A
T EFAQ FAEC] AEFHL AT vt o] BeE IUHE
2 o]atzletA H] o] x}o]r} wHAYIITH

FrAFSEHAl o]akste A BlR A 7]E AFdEES FAE S
B2 gk ¢4 FAHoR @EIIAu g FAMAE IEA(2015)

= g¥tro g 303/ =(7IFEE AHEAl TWIHE 345009/ E)S A&t A
& t2A d%st= [EAS World Energy Outlook(2016)2 Current

Policies AlU}8] 23F9] =19 20201 o]4bstgha vI-&-S 18%/+%, 2030 30$/E°
2 A%etal o™ New Policies Alvtg] 29 745 20201 20$/+=, 20303 37$/

Eog Awetan k(A BT 20159 EwWstA 7)F).
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[3E 3-48] IEAY] o]Aibstera HI-E H™

(2015%9) 2020 2030 2040
Corene | Py | Pong ety [0y | w0 |
Policies
Scenario Korea Power, Industry 18 30 40
European Power, Industry,
Union Aviation 20 37 50
Chile Power 6 12 20
New
Policies Korea Power, Industry 20 37 50
Scenario
China Power, Industry 10 23 35
SouthAfrica Power, Industry 7 15 24

A ASE AFoR HAAFE Al A fatre v AUl M EAAG Y]
ojftgtetA AR R AT S ZUlElEH AATE AlBE ol IR 7HE
7122 g 11,700 ~ 20,5009 /22 S Hola Ut
[3E 3-49] Tl EAAIES A wiEd7HA
T i 2015 2016 2017'd(1~10€)

KRX HF712(L/E) 11,774 16,737 20,500

* EU-ETS #H F9]: 4 ~ 7/ =2
7R 2 AR R FEAEERE Aole oy AA HAEFFUIEAYS

£ 13,00099~32,2009 S FHE3sl9e } A e 21,0008/, 724

—_L
3ol & 10,000~25,0009 /F 2 €3 v} o}

(¥ 3-50] 2 AR5F/RAG ] o]2tshea A -gAl

7 3AAE | 4AAE | 54AE | eAAY | 7AAY
kg-C/kWh 0.11 0.11 BAU tjH| 0.11 ]
(kg-CO2/kWh) | (0.4033) (0.4033) | 15% Z3 | (0.4033)
EENEY 10,000~
(31/1C0OD) 13,000 32,000 - 21,000 25,000

ol’de] WAz} FAE ALt B AFolM e IluiEdAAN ] T
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M thrle|ulEo] 20179 VIE AAAY (18he ZHE FASHHE oitstd
& W8] TR 20300l HeEddat 7hAETY vl o] UEeE ¢ S+
S & 57 . FaE oo <1y 3-3>% <1d¥ 3-4>% HVDC Hl§S X3
A B= Ao TIY A9 He LINGHET] vE< vl

2% Aol

<9 3-3> Mgty LNG d=d d5shddn] g9 vla (HVDC v 2g)
s _..__.-.___.-__——--"—'"-'_-.-_.._ Bl
N -— i ——

o :-=.:.=d:ﬁ=#:_—_—ﬂ—_—_=_—:-?1——:ﬂﬁ-_‘5=*
""" =~ oF Sy = . £ M ot W e W oy o
—— L FJ S T —— S L
<9 3-4> Ay LNG d=® #eshidbdn]ge vu (HVDC *3h

000
2000
AR
W
- 0 L= o — - iy -t L - — a0 = g -
=B = y = ¥ E B B OB B OB B =
Y | ol o i d = i ol T Y = - = T
—_—— e 5T | =) = —— 2T [(EE)
— [ 7| ) e—m— S R LY
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[3£ 3-54] 2030 7]+ LA,

3 g

7 B <3 1500 g 1000(F 30) £33 900(H &)
FaRchel 21.35 18.85 9.30
A H 21.44 6.07 4.83
A&E4 /A0 1.02 0.45 0.19
e hr] 43.82 25.36 14.32
A7 H 5.74 32.52 66.64
FAEAN & 0.03 0.03 -1.39
& A A 49.59 57.92 79.57
A A 2] Au)-§ 0.99 0.88 0.34
A A2 ] -& 1.00 0.30 0.30
(& 4 B) 51.58 59.10 80.21
AR B 23.17~32.82 0.00 0.00
e &0 8 0.00 27.12 11.50
7] 298] & 0.00 6.53(23.42) 1.21(3.01)
& A Q) 75.26~84.97 92.75(109.64) 92.92(94.72)
HVDC H|-& 6.17 2.05 0.00
(& A D) 81.43~91.14 94.80(111.69) 92.92(94.72)
EE 2030 719 vwEEAu &S g 20179 V€S IUE fFAS
3] dF HEEET &3k Zlo]7] Wil e Ae mg BAA
£ 7tesl7] Roe Fsdte AU vgn] g2 vlutiges &
Zol f Adsith. E& o|d3 HA A Hogts stEAdn e v 453}
| AUFoE BeHor HAg Add 9 287 Utk A4 A
AL vl o Aol =Y #5538t L& vl gH] &S TR
2 3
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H 4 8 IS A0 3% & HIZ

L MY 252t 2™ HE HEYH

dutF oz AR dHdn e drtE A Er] A% W FeshEd
H] & (Levelized Cost of Energy; LCOE) W& 2&3l4 ol #53dddrne
FR7IESE AeHE A3 SUtsE TAN RS AHAste Ao EHN, Bt A
o g WSt & HFS g9 ARtH ZHAE Ayste] AR &
Jotal AxERE dAsHA o= WA olt. #Edt AR &Y AFFAHLLE A
HFR 73 o] AU, FARSS, SAFAN, AERE, HAA, A

SHEEN

|

| znmxw | | suEeny
-
{ = 1 2 |
e LEEl TRl e | EUsmAd R
AlFeli7 B AR, B | N =5 BEFEH
T
: ] - |
| ZHEM | (a2
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(Revenue

AR o] Aolg BA

=

duv]H]-§-  CAPEX(Capital

Z|H] OPEX(Operating Expenditure)
A o

v}
=

ERERE

ok o, HE9

}

o]
pul

7}3

]

)
'lO

T

= 2w

o}

Expenditure) <}

}

o]
2 7AHEY, #9713 F

Requirements) . =

T

N

=

1A

—

%))

o (Revenue Requirements; RR)-

7| AM] = E VA ) /A7
TV FAR = RS E ) FARSE

=

(

71 A1) X Fr A ] (%)

=

(

=

EFQI AL o] 28 (%) X BRI AHEH &

g A AAA Aol FA 5

ol#j o} 2},

=
=

ol
o
) .#O

—

0

+
4

N
Bl

(1+r

n
1

A28 54FY = )]

+ BRI AR 2 (%) x 2] o] A& (%)

18 WACC(%) = A7 A28 5 (%) x A7) 2271 =2 (%)
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dulol FYF71F Tl A 7 B FS AEP(Annual Energy Production)
22X 71BHor AndAVE g4d A5 S22 714A " Ay Y ASAE
£ Atge 2 dAYog 7IHe ARSste] AASHA Hoh shAT 2 ATt 4
ol He AAAAHA drlY B9 RFAIEE HFAFS T3 FA40] o] FolA
= °, 9 o]§E XEXRAS AT A=W e dFEFs D davt gl
th. AEP= 4dHlo]&E(Capacity Factor, |22 A ke thu] JA ¢} 7]=4]
A EAS vFE AA AFPANFS HE)S Tl AEEHH, A

— g HAZ(P) = MW x 8760 X Capacity Factor(%)

3

_@slwAzg - .
(R ,;;(Hry

A71AM, P 2 HARE (%), Auxpy,,, 2N E

(P- X (1 - Ploss) - AuxPoweT)

3

_ %7 v/]‘\__g_/‘(ﬂioﬂ
- w53 EHY & (LCOE) = %7}%Xg%‘j%ﬁ [/kWh]
n 1
RR;
_ 2:1(1+T)Z( L)
n 1 loss
P, x(1—-P)—A
“~ (1+T)Z( i ( ) uxPuuu)
2. MxjdoHx] 22t EHHE

OECDAF8} ‘=i Ao | A 7] F+(IEA, International Energy Agency) 9} ‘X 7]5+
(NEA, Nuclear Energy Agency) oA+ 2015d% A B]E(EGC : Electricity
Generating Costs) | o]EH o]z~ 181719 4 Hlo|HE &8st 7 =7PE
AAEAAGA] dF53F FAH LS FA5ReH, 1 Ade v x99 Zot 35
71&Ee 20139 T 2EEE 7Fo R stgoen, dQL(3%, 5%, 10%) & FF

of }e AARE AL Uk F ARNAE F7h2 5Fe] #EH LAy

1) IEA and NEA, 2015, Projected Costs of Generating Electricity, 2015 Edition.
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£S5 AAEFeH, TFAYAAZZYAH(AEMO : Australian Energy Market
Operator)®] 201513 R 149 7|& ZAFAZS A&3idth. IA4 B F3 9
g8, 498, ditRE FEsiey, didezs HER Adol 3 ol
A
o

dolg 7%7)F 79.84~156.12$/MWhZE 7}& e £FS Holal lon, 11 H=
5d, 9, a5, dB9 o7 753 THH|go] & Ao YETH
SHH, TEY B SAAFEY AT EHOE FEEHY EUAE TRV E S
FHo A wo] 7 e 4285$/MWh =502 € I7ithe] dX3] e
FTo Holn U AATEY AFE HRMIAE "=l B 2
137.19$/MWh, =ro] 158.27$/MWh FF<1 Ao 2 YEelyttt, o]9} o] =714
2 2 go] WAE 1003/MWh o) A7t BAsks e 57hd dxF =
© T 22 AAxAY Aolet A AHY TG AeE ol 7Iedg
i g 5 Utk
[£ 4-1] FL23F AAYANIA F53 LA &
[©9]: $/MWh]
=q SN
H - - = =
B 3F)
T E 3% | 7% | 10% | 3% | 7% | 10% T
FAL 16156 | 223.23 | 275.87 | 218.11 | 301.60 | 373.65 N/A
B 3 Ade | 11662 16113 [ 19913 | N/A | N/A | N/A N/A
o) = 92.02 | 127.14 | 157.13 | 180.51 | 239.43 | 290.33 152
o 5 7715 | 93.53 | 107.60 | 134.56 | 182.10 | 223.38 101
e 34 146.31 | 183.68 | 215.80 | N/A | N/A | N/A N/A
H
- = 15
3% 7% | 10% | 3% 7% | 10%
FA| | 187.25 | 276.47 | 352.63 | 105.92 | 156.12 | 199.45
B 3 qhE N/A | N/A | N/A | 7839 |117.24 | 150.76
R | 125.67 | 167.76 | 203.66 | 53.50 | 79.84 | 102.56
. 54 93.94 | 123.97 | 150.67 | 32.71 | 42.85 | 51.64
e 33 121.91 | 158.27 | 191.05 | 102.95 | 137.19 | 166.87

o=z ‘FAAAY YA 7] F(IRENA, International Renewable Energy
Agency)’-°4 vextgo Waw, 20109 AA %R LCOE 43 oF 0.356/kWh
Fol o}, 2016 9l= 9F 0.13$/kWh o2 °F 62% 313 Aoz el

o SAFEY A$E 20109 ¢F 0.07$/kWh FFoley, 2016dol= <

1) AEMO, 2017, SOUTH AUSTRALIAN FUEL AND TECHNOLOGY REPORT - SOUTH AUSTRALIAN
ADVISORY FUNCTIONS
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g =
slekele] 0.12$/kWh #—fr 2 UEst =3,
2o] ¥ A L)skar 2016 d A A 7+EH
He Yol Adsh= 2 =d2E Aol =23 Aoz

0.06$/kWh +&Fo =2 °F 21% 3d}slHon,
FAA 2016dNE AF
dol & U

= Bt

H g F 9]

PN
T

o] M=
vhebitet.
<Td 4-2> 2010 3 2016d AAFLE LCOE (S*]: IRENA RESOURCE)

LCOE 2010-2016
global renewable energy levelised costs of electricity (LCOE) in the time period from 2010 until 2016.

Levelised Cost of Electricity 2010- 2016

Fhe

jud)

T—
T

Biomass Geothermal Hydropower Solar PV Solar Thermal Onshore Wind Offshore Wind

0.400

- Biomass

W ceotherma

B ivdropower
Offshore Wind

B onshore wind
Solar PV

M solar Thermal

0.200

2016 USD/kWh
o
o
o
=]

0.100

Fossil fuel power cost range

0.000

[3E 4-2] 2010 & 20161 1A A4E LCOE
@9]: $/kWh
T & | HolewiE | AE T4 Hdg | HdE | sATE [ HEEH
2010 0.056 0.047 0.035 0.347 0.301 0.071 0.133
2016 0.081 0.064 0.051 0.131 0.242 0.056 0.123
& 44.6% 36.2% 45.7% AN62.2% | A19.6% | A21.1% A7.5%
97 AR 713 EF W I(Bloomberg New Energy Finance)oll Al 20173 it
g Zt8d W=, EMEA(FH, 55, otZg7h) A9 B3 (F44) R 45
g LCOE® HA7}4(benchmark)S 5.7 FZAIE/kWh, 34382 11.0 F24
E/KWhZ 43 v} lom, o= A= ¢d v ¥e F2ds & F Atk
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<19 43> EMEA A9 AlAAL9E LCOE 714 % (2017) (£3: BNEF, 2017)

NatGas
CHP

Eur Cents/KW-h 14

PV Onshore Coal NatGas PV Biomass Offshore Nuclear
Tracked Wnd Untracked Wnd

Source: Bloomberg New Energy Finance May 2017 Bloomberg

Cz”
N
Jo
u
£
[

=

= =
2, G (NTE) 8~9FZAE/KkWh(W8L7]F 0.08~0.11$/kWh), S35 <]
73 AN

4%, 201530 UEHE ‘Insights from Germany’s Energiewende’ o]l

= Ao

/kWh("]& 715 0.07~0.11$/kWh) =+ 2 E¥ 31

<9 44> 5 LA LE LCOE (2015) (F4: Agora, 2015)

ct/kWh

&-9
ct/kWh
Wind Solar PV Hard Coal Gas
(onshore) (large scale) (CCGT)
Germany

B9 745 2016 BEIS(Department for Business, Energy and Industrial

Strategy)°ll A1
5, 2016d

33 “Electricity Generation Costs’ol] W=, & e ¢3Fo] 4
AJAdH] 7], 0.09~0.12$/kWh ©o =2 Yelgdon JAEH

fo ox

0.06~0.10$/kWh, 3’4332 0.14~0.17$/kWh < AoZ YEwT.
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[3% 4-3] =] M¥ LCOE

[©+9]: £/MWh]
T 7 2016 2018 2020 2025 2030
high 94 84 80 76 73
PV
central 80 71 67 63 60
(Large scale)
low 71 62 59 55 52
high 81 79 76 74 72
Wind onshore
central 67 65 63 61 60
(>5MW)
low 50 49 47 46 45
Wind high 136 129 119 113 109
offshore central 121 114 106 100 96
Round 3 low 107 101 93 88 85
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Figure ES5-1. NREL PV system cost benchmark summary (inflation adjusted). 2010-2017
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<TH 49> Aq/=7HE B G e v g A%
(5

Africa ®
Asia ®
Central America and the Caribbean @
Eurasia L]
Europe ®
Middle East e
North America L]
Oceania ]

South America &
China L ]

India ®

United States [ ]

= LCOE range ® = LCOE weighted average wa = weighted average

<39 410> AS/=7PE B F AulFA] 2 ol&E d%

> -

Africa 818 6848 ® 2344 0.14 0.28 002

Asia 832 6124 e 1414 0.1 0.25 e 016
Central America and the Caribbean 1337 4000 e 2001 016 0.23 e 019
Eurasia 1484 3697 ® 2537 01 0.18 0014
Europe 944 2827 ® 1370 01 0.3 012
Middle East 131 4000 ® 2554 017 0.35 e 0.26
North America 965 5900 ® 2203 012 0.34 e(2

Oceania 1600 2785 ® 2477 0.2 0.25 0023
South America 1407 4951 ® 2477 012 0.34 0024
China 1022 1953 e 1083 017 019 e 0.7
India 916 1832 e 1064 0.16 0.22 e 0.19
United States 1241 2971 e 1998 016 0.32 e 019

(2) 2H| EXHH] A8

B B FEH LAWES ARV ¢ BRAMTFRE A&F v
ol MWH FHE B3E HgR AulE Jzow v, EHos §ud
Age] Qo FAAel met FEE AXfPo BARAY AT B

£ g% 549 P02 $RY 5 A, ol me Axd mETE} gt
F ootk B AT T HgR BHY EEA2YoR Fuelq FRE
39 ANTEY BAL 7E0R AT o] F V2R MuEAHE 3
stk AuEAEe TAe 2A AT BPHGoR TR, HHuE
o A% HFBRE, LEHU(QHE, AAE F), FA, aAut £FE 3
Ja Euge] e At AA L BYugH FEEY L A4F Dvgs
ge Boug, aex EAT gz PHUL. AuTANE FHRE 2
AP e the Hol vhebd uhsh 2ok
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[ 4-6] BF AuIFAE 2R
[ /kW]

RNAAEA | AfREAR | oo ST Axe
H| &3 & FAA

=94 H| F =9 H| F =9 H| F =9 H| F
TE 600,000 | 34.0% | 550,000 | 30.6% | 543,125" | 27.9% | 520,000 | 29.7%
B4 | 418,000 | 23.7% | 450,000 | 22.2% 440,000 | 25.1%
MEs SAFE] | 340,000 | 19.3% | 350,000 | 19.4% 340,000 | 19.4%
(BoS) AAH | 44000 | 25% | 100,000 | 56% |1,218011| 625% | 80,000 | 4.6%
e1&7} | 70,000 | 4.0% | 100,000 | 5.6% 80,000 | 4.6%
Eoiulg | 11,000 0.6% 30,000 | 2.8% 50,000 | 2.9%
EAn & 280,000 | 15.9% | 225,000 | 13.9% | 189,000 | 9.7% | 240,000 | 13.7%
T4 A 1,763,000 | 100.0% | 1,805,000 | 100.0% | 1,896,741 | 100.0% | 1,750,000 | 100.0%

F 1) 3 A5 FAAAY BT F TAIEeEA wEtAs] AEEAZ 1692 1E oA LE
BI7H w0
2) AFFALR A9 FF EA Tgelno] Bt 4ol WA, B BAAE EA¥ )
Foz sl AFe BEA IAANE Wste] EANE 3718
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ol
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XA
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iy
=
Al
N
HN
=)
oo
b
=
[y
r 9
o,
G

18 19 20 21 22 28 24
0.010 | 0.000|0.000[0.000]0.000 | 0.000 | 0.000

12 ]0.000|0.000[0.000]0.000|0.000|0.000|0.000|0.001 |0.059 | 0.
22 10.000|0.000|0.000(0.0000.000|0.000 |0.000] 0.007 | 0. 0.000 |0.000|0.000 [0.000|0.000 [0.000
32 0.000]0.000|0.000(0.000]0.000)0.000|0.001]0.056 | 0. 0.006 0.000|0.000 [0.000|0.000{0.000
42 10.000|0.000|0.000(0.0000.000]0.000 |0.019 | 0.141 0.023 |0.000|0.000 [0.000|0.000 | 0.000
52 [0.000[0.000{0.000]0.000]0.0000.001 | 0.047 | 0.175 o 0.049 ]0.001 [ 0.000 [0.000|0.000{0.000
62 |0.000|0.000|0.000(0.000|0.000]0.003 [0.053 | 0.164 . 0.060 | 0.005 [ 0.000 [0.000|0.000 [ 0.000
72 [0.000(0.000(0.000]0.000]0.000]0.001 | 0.027 | 0.109 | 0. 0.054 | 0.004 [ 0.000 [0.000|0.000{0.000
82 [0.000(0.000(0.000]0.000)0.000)0.0000.016 | 0.100 | 0. 0.1350.032 ] 0.001 [0.000|0.000 | 0.000 [ 0.000
92 0.000|0.000|0.000(0.0000.000)0.000 |0.007 | 0.101 | 0. 0.091] 0.006 | 0.000|0.000]0.000 [ 0.000|0.000
102 |0.000|0.000|0.000(0.0000.000]0.000 | 0.001 | 0.070 | 0. 0.0250.000|0.000[0.000]0.000 |0.000|0.000
112 10.000]0.000|0.0000.0000.000]0.000[0.000| 0.015 | 0. 0.002]0.000]0.0000.000]0.000|0.000|0.000
122 10.000|0.000|0.0000.0000.000|0.000 |0.000] 0.002 | 0. 0.0010.000|0.0000.000|0.000|0.000|0.000
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<3 412> FEEHY DrbEE ol

[ e

SOH0Cy

Edu - a]

2015 IS0 AW

o=z A&7 A4 UIES Al REN21(Renewable Energy Policy Network
for the 21* Century)®] “2017 Aol =] A XX (Renewables 2017 Global
Status Report”’ol A= T 183 2ol A AMA F8= 2D A9H S5 4y
o] #53t WRAHEH HuFAH], o]&Fo| Wi FRE ATt vk &L
STHT7IE d53t R B v=H F=o] 0.058/kWh FEdd 24
2!

%3 thu] Auto] 7l7tE FFE Holu Yot AW DHE LS B2
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&

4
dy

1) IRENA, The Power to Change, 2016.
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ol B gFo] Taslel YA/t A2 e 5L B

Levelised Cost of Energy  USD/Wh 0 | 0.5 | 00| 015 | 020 | 0.25 |

ONSHORE Affica -
WIND POWER s -

Cantral Amenca and the Canbbean L=
Eurasa -
Europs -
Middle East -
Marth America -
Oceania -

. South America -

& China -

‘ ‘ I L 3

United States -

<3¥ 414> AY/=7PE F4TE AvFEA 3 olgE Y

Invastment Cost = USD min max wa Capacity Faclor min max wa
Africa 1345 IR0 L RERS 019 048 @037
Asia 09 2784 e 1203 033 48 .25
Cantral Armorica and the Carbbaan 168D 3065 e 144 0.24 .54 035
Eurasia 1315 2651 & 1831 0.24 o489 ei035
Europe 1054 3z & 1566 034 0.5 [ ey
Middle East 18ET 3148 e 2531 0.29 4 w34
Morth Amenca 1270 3148 ® 1805 ox 062 e039
Oceanta 1600 3581 & 2150 0.3 .44 & 0.35
South America N6 2903 & 1012 027 0.54 e 043
China 1166 1414 #1244 .23 .29 a0.26
Irdia 1044 1420 1120 039 0.33 & 024
Lnited Staiss 1481 2445 e 1TIS 023 ns [ T

(2) 2H|&EXpH] 418

2 AFAE S SAFEEAY AR FolE wPFste DA TR 30MW, &
S3E @978 T 2-3MWH Y RETES ddes SA3E 2 dusx
v @7HE AHgstaiat @

THEA A= dule AA AN S HHREeR FAHM, AHRE
o A vA, &7, AlojrzE, EHolE, BY oz FAHE= ZIAAR ¢
AR (SRl 2, AsAANIZE A5, ZIEREY 4% Ast A
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N 37E P FEFE7E AARANIFYHE 5

= 2 71E AAH 2 ZARE Fx
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TFE%Y F4w, 4E wANE 5
e HUEE |- )E 4F 8 2R BE

- EAM§ ¥

Z 0y

& APAHE 2078 1E FITH WAL T @A L) Sl
B9 Al el $4FY WM FagE
S o

S M AVE AEE K4FY T A7

o

B 12009 /kW S a%}u} o}U% FAls aAule) A9 QA B 3
2

FL A otA Y v AFvre £33 ALk 223 e g
o) A 2AARS AL AL 45U/kWE A gsnA dH, olF FHel
W $4FEe XF HHEAH drbe 2509 /kWE A = ot
[} 49] 5438 AuFA] 424l
(29} Q/kW]
negm At G A Z AR AR A ZAL2 AL G A Z A3
B =8 v =9 v & =9 B &
7] A} 2] H] 1,330,000 46.7% 1,200,000 46.9% 1,220,000 43.7%
A 1,000,000 35.1% 800,000 31.3% 950,000 34.1%
A A 1 300,000 10.5% 250,000 9.8% 250,000 9.0%
&A1 | 100,000 3.5% 110,000 43% 230,000 8.2%
71 e} 1) 120,000 4.2% 200,000 7.8% 140,000 5.0%
=214 A 2,850,000 100.0% 2,560,000 100.0% 2,790,000 100.0%
] A - E 214 2 (201 Eqt
NEER-E ST +-4 4 (2017) _ _ A
=] -q H]'G‘ =] -q H]'G‘ H]—J_-’-
7] A} 7] B 1,135,343" 42.2% 1,200,000 48.0% Y EA7LS} A28 Bt
FAH 800,000 32.0% SRl W2 = BA T Hy
A A 1 200,000 8.0% SIXo)| W= = 1A T w
1 41 7.8% —
o151/ AR 555 57 8% 150,000 6.0% ZAAE H
7] EF 2o ) 150,000 6.0% FAAE HiE
FAH] A 2,690,884 100.0% 2,500,000 100.0%

D) S8 A5t FAAHY 35 & FAIEe RN A AEEAZ 169 A S tAR
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23.0%E HTAYOlEERE A&tz s
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1) el aHHE

GWEC(Global Wind Energy Council)o| ™=
AAA ] 144GWe] &7Fo] BF=or, B A&ZF57}
8] SFstaL vk AAA dEE Al diFE]] 12.63GW7E 7 A el
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<39 416> ‘163 71F AA iFFHLA B F-EHMW)

ANNUAL CUMULATIVE CAPACITY (2011-2016)

GLOBAL CUMULATIVE OFFSHORE WIND CAPACITY IN 2016 [RECURIL v R
14,000 -
5,000 Mw 12,167
12,000
B wmulative Gapacty2015 [l Cumulative Capacity 2016 10,000
’ 8724
8,000 7,046
4,000
6,000 5,415
4,117
4,000
2,000
3,000
0
20m 2012 2013 2014 2015 2016
2,000
: II II I
. IIIII--_____________
UK Germany PRChina Denmark Netherlands  Belgium Sweden Japan 5Korea  Finland Us  lreland Spain  Norway Portugal Total
Tolal2015 5100 3,295 1,035 1271 27 712 5 32 0.02 25 5 2 2 12,167
New2016 56 813 592 0 691 0 u ) 30 0 30 0 0 0 2 2,219
Total2016 5156 4,108 1,627 1,271 1,118 712 202 60 35 32 30 25 5 2 0 14,384
Sowrce: GWEC

Z=2]: GWEC, Global Wind Statistics 2016, 2017. 2

A g @9 FARe v 2"l yehd ukek o] 2010d74A] A&
Al AeFAE Hogon, 2012~20139S HHORZ JIFFAHE Hola Ytk
ol FAE FE olAAY FIstAL FAlo] He Xog olFFd FE VI

A AoE HT TEE WS Ve Be guon wgel HAF

sheto] o FolA:L Ut

<TI¥ 417> 373 @A &9 FAH HE F0](2000-2015)

7000
- . L]
Capacity (MWD -
5000 ————— 1 - - - :—
P - L
400 - e = - :
so00 —— 800 = - @ o e @ g
- [
™
- © S °*
£ 4000 1 .
= L] -
=
= =3 - - -
= sooco - = 9_. _— e
- = - -
- .
" -
2000
. -
1000
5 T T T T
2000 2005 2010 2015

Z4: IRENA, The Power to Change, 2016. 6
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Asig 2rar 4258 » 32B0 0.0 Q.31 ®0.26
Central Amenca and the Caribbean
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[ 4-12] 9] sidEs ARFA A

TA

a3}

[29): /W]

g7te et o] A Hule A9 1879 /kW, HIEH <]
JKWZE Z AH|ExH = 50739 /kWe g A& F 1t
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ARG A Z=AM A AL Z A2 A AHEE Q)
H| &=
=9 H| 79 b 9 H|
B9l 1,990,476 36.3% 1,810,909 40.7% 1,700,000 32.8%
712} A 1,242,857 22.6% 752,727 16.9% 754,320 14.6%
FAHH] 1,533,333 27.9% 689,091 15.5% 474,020 9.1%
A 1 138,095 25% 577,273 13.0% 791,250 15.3%
13 7}
. 252 381 4.6% 236,364 5.3%
/A7 1,463,920 28.2%
7 bRt 1) 333,333 6.1% 387,273 8.7%
E244] A 5,490,476 100.0% 4,453,636 100.0% 5,183,510 100.0%
NREL(2015) IRENA(2016) TEA(2016)
H| &35
=9 H| F 9 H Z =9 H Z
B9l 1,629,656 31.8% 2,169,849 40.6% 1,903,726 39.5%
7)1 2 A 1,194,973 23.3% 857,046 16.1% 1,030,761 21.4%
A 921,519 17.3% 619,729 12.9%
1,059,358 20.6%
A 1 838,149 15.7% 489,929 10.2%
13 7F
. 81,147 1.6%
/2A 7 551,355 10.3% 777,524 16.1%
7 bR ) 1) 1,165,789 22.7%
E244] A 5,130,923 100.0% 5,337,917 100.0% 4,821,669 100.0%
*Z>]: NREL(2015), 2015 Cost of Wind Energy Review, 2017.5
IRENA(2016), Innovation Outlook: Offshore wind, 2016
IEA(2016), IEA Wind Task 26, Offshore, 2016
AdEEe AuFEAHE EHHIY g o g ERsle QAT A2HxE U
Zow, B AFiME AR 3713 A E 31S Htste AU FXAH]




[ 413] SlAE2 AulwAn g

[&): 9/kW]

T ¥ | I3 T2 U3 3 91 3] £]2 L3 | AES

Yl | 1,990,476 | 1,810,909 | 1,700,000 | 1,629,656 | 2,169,849 | 1,903,726 | 1,870,000

HIEI Yl | 3,500,000 | 2,642,727 | 3,483,510 | 3,501,267 | 3,168,068 | 2,917,943 | 3,200,000

A 5,490,476 | 4,453,636 | 5,183,510 | 5,130,923 | 5,337,917 | 4,821,669 | 5,070,000
HES g A] Aolst i}

3) 7IEt 7|=/MHIEX| & 4

o

ot XY =oio ME AISEZHIE

/\Jxﬂ‘ﬁﬂlﬁﬂ LA Fesk TARELe IAAEA S BlEERE ofyet AA
Ao A B2l w}ﬂ‘r TEEe AFERARNES FHHer udd F 3tk
= ‘E?Loﬂ/ﬂ AFEARE e A8 Bez A3 “dd-Ha3y = 3
AR G Ay E T2 242779 40MWolst Adre] Wety], WAL,
AALd=Z, MALdE FAH AdEEHE vReR ST, & ARdAM A=
17~30d3t B st= AREAGHELS & 256% FEoE B dFMe A=

21

,ﬂ
o)

P
B =3 3 4z drtslst gdos Uro] AERY

& @7FE A e, A Ay dls A&l wet 2.03~253 4/kWh

1) 2 Akzol ot2w 2030d7kA] ARAILA StchR Qg Al AR 6.25WU0l] o F 40MW olst S8% B
Sxpul7} 2,55, AOMW Evb g8 87 SApust 2,75, @A oS SApulsh o 1agolch. chek Al Al
Sttfo] wpe SujEdY] w7 Babls AE AR oA W9l Sof wreb @ebd 4 oliul, oleiat Hg 7ol

gthel Qo2 Exju]} Sold kol gk,
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[ 4-14] AR o] wE ATHAHE ©rp g2

gAE&
2 kWh
(2 AWh) 450% 5.50% 6.50%
AEH 78] & 2.03 2.27 2.53

of. xS #Hol=E M2HE

QAo AesEs pe & AsH wAAue] A% Ausgo] mifd

A BRAN Y A= AR F HlE t
g BRL AN S H = Agrgo] TAsHA = g, Ao mE Mg
o] BAFT FA| AL WE AR BT F AFe) o] TFHoE 1
Heto] F7HH| g0 AR E AGd dart u

HA e AFARY FAE wigez A ¥ 7]A 2] (Decommissioning

Process)?] 7|EA3&= T

i
.
i)

O

AL A Y4

S AN drA Y] A 2 BYS 93

- FW 9 AE W AH] A QAW A=V A

O AN

- AEAA, F77], RERARN = =
s

=4 3t #H7E A8 %

T BF obAZA AAAAAA Au Y HAAZI7F e gk AL A %
of Wk deto] AV e, dF dotd AL Hr|=
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AR e dree) BEs A ) BAuE Ee) A AAs 4%
3 & Aoz vehgeh

[3E 4-15] 2112 L o 7]8]8 A AL (IEA)

T & 45 345 g B &3
|8l 7]5($/MWh) 0.16~1.15 0.29~1.32 0.04~4.67
A3} 32HQD /KWh)Y 0.16~1.18 0.30~1.36 0.04~4.79

F 1) 168 7+ & 2 E7HEA
Z4: IEA-RETD, Study on Cost and Business Comparisons of Renewable vs
Non-renewable Technologies, 2013.7

o= B Oak Ridge FPATFLORNLAMAE AA7AA 77 299

A7 A@dAAS AR AASHHEA S35 H14SMWH)Z B FBEMWH) 2
AR #H7vE & dHRE AT v Ao & AR SATHY H¥
#7188 5 AL mE JFE7HA LAl 38k 11,0739 /kW 5, B &3
o A5 FE7HAE 2313 ¥ Fol weh 101,288 /kW i efo] TAsh= Ao=
eSO
[3E 4-16] S§73%F 9, B3 #7188 24 AL (ORNL)
2 S4EY B 33
i Q
s A= ¥ 7] Hl? 37,966 115,785
§/MW ZHELA 28,338 203,861
( ) o] & 9,628 -88,076
i Q.
g B | 7| 8]-8 43 661 133,152
2 /Wy ZHE7HA 32,589 234,440
(T/KkW) ENEES 11,073 101,288

Z7: ORNL, Solid Waste from the Operation and Decommissioning of Power Plants, 2017.1

A et o 2 wla NYSERDA(NY State Energy R&D Authority)ol A= 2MWH
g dHL A4 2 BEduE FAZHAE ATt 3o, ol AAVIFoE
WAL G 5 HlEo] HEd 7 Aes WASkL Utk E3 F HlE
< #H7IE A7t obd A A AR #-E vgoR, A8 iAF
g, z4F FF, 1d Toll g AZE SIS ARA F3 A T A5
2 A A 2 B AQ8FHe HEL2 F oF oG Y E dHH|I o2 S
AbA] 308/KW, TIE8-E 1,1509 /8715 U3} akA] F35HA/kW 59 Ao =
YES T
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# 71ul g 2Hg AL el (NYSERDA)

T+ B H] £ ($) 713 4H$AW) | A8 AW)
A& A siA 2,459 1.23 1,414
g EA 2,450 1.23 1,409
A A& 3 A 12,350 6.18 7,101
Z71dm] SA 1,850 0.93 1,064
FAYE AW A A 1,500 0.75 863
AA & HA 7,800 3.90 4,485
Aol & A A 6,500 3.25 3,738
23F D AAF AA 13,850 6.93 7,964
A2 A A 4,950 2.48 2,846
A9k 3 ghks} 4,000 2.00 2,300
EXEY 250 0.13 144
ANLGEAE &5 2,250 113 1,294
Z A 60,209 30.10 34,620

Z*]: NYSERDA, Decommissioning Solar Panel Systems, 2016.
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o8)2] Wojo] WAFE Al
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e e Ao yeiyth ort, #7883 du 8 BF g mE e
ZHAE 1ElE W O zole AA FS FALE dFHH, AR A 74 71#@
d HEAE Ade H7lE Agulgolriige B4 A ' 7E dHEY
o 2a5+e Hgor @734 ﬁUMWA lﬂ 15 Agvgoz nyjde g

okx] 2R3 AR 9E TFE BAANFTE nlg oz AAI #5353 1A
Mg 44A%E aokar et v,
7174 J|E YT 2SI WHHG MWED

O ﬂl%i%}ﬁl% A £ Al
- &S 45%, 129549 /kWh
& 55%, 6.5% H-8A 27+ 140.3¥

F

_ oF
=

©

/kWh, 151.4% /kWh
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O AZRZAWE 31184
- 31§ 45% 71F 131.579/kWh
- @S 55%, 6.5% H-E8A 247 142.699 /kWh, 154.09¥ /kWh
[3E 4-18] EFTTE B3 o553t THH§ A7
oS
2 kWh
(2 AWh) 4.50% 5.50% 6.50%
o538 H& 129.54 140.31 151.42
AER 748 & 2.03 227 2.53
3+ A 131.57 142.58 153.95
<1¥ 420> EFTFE E)
= SHZHIE
=52 #H2t
Lt. ‘179 7|8 SAESY 452 Y4H™H|E LdZEq
O ABRZZHE AL A
- dolg 45% 7] 130.4899/kWh
- &8 55%, 6.5% A&A 27 139.69 /kWh, 149.1¢) /kWh
O BuE 18 A

E )
oft

A& 45% 71+ 132.51¢/kWh
& 55%, 6.5% A& Al ZtZF 141.99/kWh, 151.6¥/kWh
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ge&
¥ kWh
(¥ AWh) 450% 5.50% 6.50%
753} H-& 130.48 139.60 149.10
AZ B 7 & 2.03 2.27 2.53
3+ A 132.51 141.87 151.63
<Y 421> S4EY 453
= R R
o B M

4.50%

O AleEAFnE& A Al

O

- ER1E 45% 71 202.879/kWh
- &R1E 55%, 65% Z-E&A 27 217199 /kWh, 231.89/kWh
O AlZRAHE 13 A
- A& 45% 71F 204.909/kWh
- &S 55%, 65% A& Al Z+zF 21939 /kWh, 234490 /kWh
[ 4-20] sfAr=8 753 ¢An & g A9
golg

2]

(2 kWh) 450% 5.50% 6.50%
153 v& 202.87 217.06 231.82
AE X 78] & 2.03 2.27 2.53

A 204.90 219.33 234.35
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<71¥ 430> §4FY Jgu g 528 =249
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B EE9 A A4 BEVY W 7 & IS w0 wet &9
#o ALARE F&ste= Wl auE F Uk o9 Bt 2017 d = T
Fd EEHIY HF EEDVEl g 5 d ©ele] AEd 2016 tHHEl 2030
W REW/HE 0488/ Wpoll A 0183/ Wp=E oF 625%31ete Aoz Mwala 9o
™, Z} A9d REVFE Y 59 © 9] dBd SHELS e Zoh

[ 4-22] EEHO T3] 22 HSF ZE5714 AW

7183d AY 2016 2020 2025 2030 2035 2040
2 57}4(2016$/ Wp) 0.48 0.29 0.22 0.18 0.15 0.12
AT S E - A11.8% | A54% | A39% | A3.6% | A4.4%

Z*]: BNEF, New Energy Outlook 2017, 2017.
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eog2 458y 2 sl RE7t4s vEoE gaids A8t A%
st SHAIZE Aol e 7oA A BNV AWy 75 dddE g
52 Z+7 AL B S Yrh WA gHEslAa Aol A4S IRENAQ ‘1549 ]
25 FEHRW HAADAENE E8E F o, T AsdA= 25H97HA] 15

SRl oF B1%FFORE B AFdAME dA S 1749 TE
E FAE ARHE S AEsted 203072
Ko, 117d 1209+ /kWoll A 300 809 /KW 2 oF 33.6%3}e3}
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[3E 4-24] 397 AGS wkgs 3 438 Hodrr d44dg

Ax  [2017]2018[2019]2020]2021 [ 2022] 2023 [ 2024 [ 2025 | 2026 | 2027 [ 2028 [ 2029 [ 2030
BRI}
(‘?_%/kW) 120 | 116 | 113 | 109 | 106 | 103 99 96 93 90 88 85 82 80
A7t
e A31%
SHehe(%) 3.1%

1) IRENA, The Power to Change, 2016. 6
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[3 4-25] AlyEl e SAFY TAnE S35 AW dis de2rt Aed

T # 2014 2020 2030 2050
Median - A10% N 24% A 35%
High - 3% 1% A2%
Low - £ 20% AN44% A 53%

) 14 o] side SHES 2o

<THY 433> Ay o SAFY RS SHE AW Wi de2vt Aed

40%

20%

0%)

0%

-20%

-40%

2014 baseline (

--m--HighScenario T L
-60% g \edian Scenario

--@-- Low Scenario
-80%

2010 2015 2020 2025 2030 2035 2040 2045 2050 2055

Change in LCOE relative to expert-specified

o7 dFeHY F53 HHE A By, Il AFHFAZ QA & <
=

S AL

1) LBNL, Forecasting Wind Energy Costs and Cost Drivers, IEA Wind Task 26, 2016.6
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[3E 4-26] ‘30 a3 AulFExe] A%

. v 3} 71E ($/MW) s 2 EJRA (Q/KW)

T T 2015 2030 2015 2030
g9l 1,952,000 1,651,000 2,169,849 1,835,256

HESE S 771,000 702,000 857,046 780,345
] 2] A A 754,000 645,000 838,149 716,984
= 829,000 395,000 921,519 439,083

of 1] 1] 368,000 294,000 409,070 326,811
7)) 128,000 59,000 142,285 65,585
A 4,802,000 3,746,000 5,337,917 4,164,064
715 b)) - £22.0% - £22.0%

2
g =
Z*]: IRENA, Innovation Outlook: Offshore Wind, 2016.

(Median, High, Low AlY&]2)2+ 143 thu] 3037 A n]&o]

et EE d54Fo] 42 Aoz AT =E2H YL

- 43%~0%

<9 4-34> ‘143 giv] ZEHE bY FalAE SHE
- ® 2030 Median Scenario 2030 High Scenario @ 2030 Low Scenario
1]
L]
205
10% 4% 15%
0% S o e = Ay a7 1 e -
-20% & @
]
-30%
-40% A
-50%
LCOE CapEx OpEx Capacity factor Project life Cost of financing
[3f 4-27] AlUEl e sdse Edn g SHE AW dish A& A2
T 2014 2020 2030 2050
Median - A10% A30% A41%
High - 0% 0% A17%
Low - A20% AN43% AB3%

) 14 o] PdE SHES o

1) LBNL, Forecasting Wind Energy Costs and Cost Drivers, IEA Wind Task 26, 2016.6
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[3 4-35] 3439 o

g et 825 2 g st
IRENA, LBNL CAPEX % _ e -
ok LCOE A 713 Awete] AP sEtE FHT S
tjek2 Median AlUg] 2 Aot vl
o 213 JLBNL LCOE A% High Alug] e Anet vy
tjj o4 Low AlYyg] 2 Aok Hkd
7] et wE Ax¥ Au|EXH] A oS3 2o
[3E 4-36] UIoHE &Ee A Hu|FEAH] [
[T 21 /kW]
173w
T B 2017 2020 2025 2030 ~ EHE ] CAGR
S4E
e 507 485 450 418 -17.6% -1.5%
ek 507 481 424 374 -26.2% -2.3%
) ek3 507 507 507 507 0.0% 0.0%
ok 507 453 383 323 -36.3% -3.4%
Lt Moo mbE MM ¥ RSE YHH|g HUAD
A AT AAjA e A] I Au|FEAH] ARdiobS vy e ® A% 753
AN g AYAdE Qokstd o2 2ot

1) ENSE

O tijhd A& BE 303 53 ¢ANE ALdH

- (tieh) EAE 45%71F 301 8359 /kWhE ‘17 thH] 355%312 Avh(<d
B 33%), AR E 1HA] 85.69/kWh %
[3E 4-37] 30\ B FF w53 HAHE AdEAH (Hih
o &
(2 AWh) 450% 5.50% 6.50%
T3 1§ 83.54 90.88 98.42
AE R 78] & 2.03 227 2.53
3+ A 85.57 93.15 100.95
- (1F2) A& 45%7]F 301 8419 /kWhE 173 din] 351%318 A (A

bz R

O
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[3E 4-38] 30 EBHFd T53 ¢AnE AdEA (Het2)

k) Q_] o
(8 kWh) 4.50% gsoty? 6.50%
53 v& 84.13 91.52 99.10
AlE X 73n] & 2.03 2.27 2.53
3 Al 86.16 93.79 101.63

- (N93) FAE 45%71F 30 7629 /kWhE ‘17'd tin] 41.2%31eh Awk(A

35 4.0%), AERAYE 184 7829 /kWh 4%

(|

[3E 4-39] 30\ B FF w53 HAHE AdAH (HHt3)

SFola
(2 kWh) 4.50% 2é}.soz/‘f 6.50%
53 vl& 76.19 82.98 89.95
AT R0 & 2.03 2.27 2.53
g A 78.22 85.25 92.48

T

<I¥ 436> e B ddt THNE AWAR (E1E 45%71F)

14000 [ S5 Efkwh]
120,59 e (T (D S8 2 S
11000
1201 \ 1223 == 2F/4Esq
2000
Kﬁ"‘-\_‘_ Foa (A E
111,340
.00 \ h
- 108,15 % ot
10000 ) 94571
‘ﬁ‘-—-—"\-—;
""h-...__ﬂ:% 4417
20,00 —
04,23 = —
9279 —
60,00 8354
.00 Ja 19
.00
M7 MIR WIS NN MM NI N1 WM NS NN MK WM NI M
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<29 437> tijhd B3 w53t HAng A (RS 45%, ASEAZRE 18])

1800 { EF: Elfeh]
13157 I —
3 = O (AP ESM TS
13800
\. 119,26 = ({2 {2 &S0 2 &)
100 x 4
ff o AAE
%Hﬂi e -
11800 ———
110.18 :-:--..“'.."-__._____ ,
—_ THT
100,00 = =
—— ——
_——e B6.16
a0, 00 6.2 e —
a8 -
B0.00 5.
A
70,00
[LER
iy 18 AL J0X 21 FLLFY J23 2014 W15 J026 2027 18 02 2030

£ 4-40] 30 S5 Y oF3F DAHE AWAT (W)

SR
(8 kWh) 4.50% ?50;: 6.50%
53 H& 106.36 113.80 121.54
AT R 7Fe) & 2.03 2.27 2.53
g Al 108.39 116.07 124.07

(AHF T 0.04%), AlFRZHE 1A 131.99/kWh G5
[3E 441] 308 S43E 58 2dvE A2 ("eh2)
gel&

o_'l !

(€ AWh) 4.50% 5.50% 6.50%
153} v& 129.85 138.93 148.38
AE R 730 & 2.03 2.27 2.53

A 131.88 141.2 150.91

45%71% 3014 81.7¢/kWh= ‘173 th®] 37.4%3} A4
H 35%), AlFRAH S 1HA 83.7¢U/kWh FF
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[ 4-42] 30 w75 T3t THRE AgA (W)

o A&

(8 AWh) 4.50% 5.50% 6.50%
53 H-& 81.69 87.40 93.35
AS X 7H & 2.03 227 2.53

g A 83.72 89.67 95.88

<Y 4-38> Uiotd §AF Y 753 Tv g AGAdn (AL 45%7]5)

14ELO0 [ EMF: Elkewh]
e 13242 IRL IR 1MLES
130,00
—— E — J22.85
1rLpd — -——..__-___.. - 114,27
-_\_""‘-\-... e ___‘-'_'—-—u e
110.00 e s e 106, 16
e |
o oo — 5H — —
v | ——
L ar.6d e
.00 PF bar —
— —
BO_(u —— 3
5169
000

M 1F 2oia Aia HOH) P FX| FaiF7d 2023 M4 2025 . LF. ] 27 2028 F.irl ] 2030

<Y 439> "ok S44%e 753t Wb E AWES (SR8 45%, ATHRYE 118)

- £Fa Blfkwh]
14806 [E
MEAE s - e rid.ia 13180
g0 e, 125,88
I-""‘---\_.__“ .-\—._.___
120.00 S — — AREN
i )
118.73 — e e 10839
1800 e e ety
—
10800 —— s —
39,67 e
30 ot B -
—
e
.00 e )Y 8372
JSIF KT
PN
2017 18 nie o Lo . FF FLiFE] nd UL F J02F rO2E J009 MrI0

o & 30d 753 ¢AvE AYdH
5%71F 300 16729 /kWh= “17d th®] 17.6%3te A=
AE T 1.5%), AF R30S THA] 16929 /kWh 3

S
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[3 4-43] 309 sl AFE T3t FHRE DA (W)

3 9_] o
(8 kWh) 4.50% isov? 6.50%
53 & 167.18 178.86 191.03
AZ R & 2.03 2.27 2.53
g A 169.21 181.13 193.56

Al 151.79 /kWh 4%

149.79/kWhZ “17:d tiu] 262%35}8 A

S8 N g WA ()

S
(€ AWh) 4.50% ?50‘7: 6.50%
53 HE 149.69 160.16 171.05
GRS RARIRS 2.03 2.27 2.53
A 151.72 162.43 173.58

=
[-40

(hek3) &0& 45% 7] 30 2029 /kWhZ “17d v WHE8lS, AFHE
g 1A 20499 /kWh 5
=

[3 4-45] 309 aidEe 53t ARG AGAI ()

3 c‘>_]_ (o]

(8 kWh) 4.50% E}.so;f 6.50%
53} H& 202.87 217.06 231.82
AS X 7H] & 2.03 2.27 2.53

g A 204.90 219.33 234.35

(@E 3 | & 248 1A 131.39/kWh G
[ 4-46] 3013 A w53 Hdng AdAdn (W)
el s
0_] Fid
(¥ kWh) 4.50% 5.50% 6.50%
153 vl& 129.29 138.32 147.73
A5 H 78] & 2.03 2.27 2.53
g Al 131.32 140.59 150.26
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<19 4-40>

W} (

&l o]

& 45%71%)

= L 1l =
22000 [EHEF Efwh]
202.87 20287 202.87
20000 _— ‘:.,_‘_: 1492 46
1‘"“-\-.._, ) .‘_'_'—Q.—__‘ e
180.00 e = —— T —
18145 — _1a. e -
- o — |
160.00 . 168,44 167,14
P T -
14000 ——— 149, 65
- O] s
126100 o 129209
o e
100.00 a2
e
8000
. OO
017 018 I NHN WX N NI XM NI NN 0 HM N N

<9 441> tohd AEHE 453

HAT (ARAE 45%, ATEANE 117)

1.0 g Eikwh,
HEE 204,90 204.90 : ”rﬂm'r
00,00 e 10604

— e :
180.00 1#1.31?"‘" T - R s s : ) .
160.00 — T e
] ——
155,19 —— s
T4 S e 158.72
e L2 = e
120N (47 131.32
100,00 o=
== O
800,00
60,00
AP AME 20019 208 I X W03 M 0I5 0 M N oM W
4) MIY #Set EHHE FE
[3E 4-47] A4 A8 7538 NS T (AL 45%71%)
A& 45% B %% |4EY HFEY
(¥ k<Wh) tor | tHQh2 | i3 | tieh | THQh2 | tiQE3 | thehl | o k2| th g3 |t ete
T53 vl-& 129.54 130.48 202.87
17 | Al E7H]& 2.03 2.03 2.03
3 A 131.57 13251 204.90
753} B8 | 8354 | 84.13 | 76.19 |106.36|129.85| 81.69 |167.18|149.69|202.87|129.29
30| AZRZYE | 203 2.03 2.03 2.03 2.03 203 | 203 | 203 | 2.03 | 2.03
3+ A 85.57 | 86.16 | 78.22 |108.39|131.88 | 83.72 |169.21|151.72| 204.9 [131.32
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[3E 4-48] AlAA 8 F53F BAHE T (FAE& 55%71F)

&elg 55% B FF S3F HLE
(¥ KWh) Tk | ohok2 | het3 | cHokD | THer2 | THQE3 | oot | thek2 | thel3 | Tigte

53 H-& 140.31 139.60 217.06

17| ASEA¥ & 2.27 227 2.27

g A 142.58 141.87 219.33

53t v& | 90.88 | 91.52 | 82.98 |113.80 |138.93 | 87.40 |178.86|160.16|217.06|138.32
&elg | 227 2.27 2.27 227 | 227 | 227 | 227 | 227 | 227 | 227

30| AlEH
3 Al 93.15 | 93.79 | 85.25 |116.07 | 141.2 | 89.67 |181.13|162.43|219.33|140.59
[3 4-49] AAHY L 53t TS T (TUAE 65%71%)
AL 65% 2 Ry 439 HEEH
(¥ kWh) Thokl | k2 | HRE3 | tHoRl | Qb2 | thQr3 | uhohl | tHR2 | Wl 93 | oiot4
53 Hl& 151.42 149.10 231.82
17| A5 X171 & 253 2,53 2.53
3 A 153.95 151.63 234.35
53} H-& | 9842 | 99.10 | 89.95 |121.54 | 148.38 | 93.35 |191.03|171.05|231.82|147.73
30| AlZ R 7ML | 253 | 253 | 253 | 253 | 253 | 253 | 253 | 253 | 253 | 253
3 Al 100.95 | 101.63 | 92.48 |124.07 | 150.91 | 95.88 |193.56|173.58 |234.35|150.26

B ATNE &R W BFE B AuEAE A4S 98] AEd R
W AuEA 4He Dol $FRPPAS g Ik FFRPPHS
5% $304e YnHoz dugol Aol ue Bgulgol sste Ho
Aord PP FY EE AAVIEC] AEHT §Fo] Hold Hue BA

189 Ahsetaa @ u, A7 Ao ugg @2 & gow, o u AgHE
HAAEE §FRAATE AT 5 At

AurH oz Fwo) W] Ud v Weke A5 Fu xAHH, v
gol 7] stel®l MuIE FEAu), w§ Y oge] He HuIE AFAuE ge)
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() 179 7|F FRY YT FSE wHH

O AFEZHE A A]

ru°"

tﬂ- o]

O AlTEZH & 1HA

- 2

tﬂ-o_gr 4.5% ]
o

45%, 7= wak Z+7+ 137.13
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