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Residual demand load (GW)
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Global electricity generation by source in the NIE

= 25 - Oil

E = Unabated natural gas
B .5 = Unabated coal

2 m Fossil fuels with CCUS

l e
Hydrogen based
= Nuclear
= Other renewables
m Hydropower
= Wind

m Solar PV

2010 2020 2030 2040 2050 2020 2030 2050

1IEA. All rights reserved

Key Milestones in Transforming Global Electricity Generation

Cecarboniaton of = Advanted economies inaggregate: 2035,
sleciriily S8ctor o Emerging market and developing economiss: 2040,
Hydrogen-baied = Start retrofatng coal-fired power plants 1o co-lime with armemonia and gans turbines

fueh te eo-fire with hydrogen by 2005,
Unabated = Phase out all subcriticat coal-fered power plants by 2030 (670 G'W exnsting plants
Tl fued and 14 GW undess oonstiuction].

= PFhase out all unabated coal-fred plants by 2080
= Phase oul large odl-lived power plants in the 2030
= Lnabated natursl gas-1ned Reneration pesks ty JUSD and i SO iower iy Sos,

Catagory i ] 2030 Feisti]
Total electricity generation [TWh) 26 500 37 3040 71200
Renewables
imstalled capacity [GW] 2950 10 300 26 60a
Share in tofal generation i Bl 5
Share of spdar PV and wind bn Tovsl generation K AR BEK
Cashon copbure, wiilisstion and storage [CCUS) generathan [T
Coal and gas plants equipped with COUS 4 A5 1 330
Bloemesgy plerts with COUS i) 130 E40
Mydragen and ammania
Ayerage blerding i global coal-fired generation withaut CCUS) s e T
Auerage blordang bn ghobal gas-fired generation {ssthout COUS) s 9% H5%
Unabated fousil fuets
Share of unabated coal in total elecirecly generation 35% 9 Lo
Share of orabated natural gas in total slectrioly generaticn 2% 1™ 0.a%
Mutlear powr MIF-_M :'-&5.:_& J&EW
Average annual capaecity additions (GW] ) 17 a4
infrastruciure
Ebectnicily nebworks inwestmént in USD bellion {2019} 260 810 EDO
Substatians capacity (GVAl 55 500 113 000 200 &0
Hattery storage (GW] 18 590 3 100
Pulilic EV chargng (GW) i 1 780 12 40d
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85, dtH 30U M EH|oHIE& B

HHEE (0 E S2)

72.6 72.3

2UEA 57

*201444 A3 UHA FHE 86621
kW(LNG 97| = 147])

17.6

1986 1987 1991 1994 1998 2003 2011 2012 2016
wEs HY LNG $I5 $82 wH2 AN LNGYIF w2
o4l (£| 23 LR E e s

* 8o B H]EL 2% FF WAL A AAE 94 d AHu|dH] L 78%E

sk, iR 7Fad A A AL ZE 98 d An|AH]| S 31% 2 A%, Al A A4
Ao Z 11dod = 41%E 3Fe 911 ¢3hehbd LAY

- PR e =70 7 AlFof s
- QAR o] W& Duck Curve 3
- AAAY HF o E Qs A&

% FoT g 52
AR B HFo] e 5Y, 29
Gze) B dug §4

- 94 2 5 BlFo] £2 I7ke 30~70% TF

O

21, olgtg]ol 52 113 ~ 159%
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H 4. 012 F2=9| XM={aH|0|H|&
= ﬂaxmgaéiéwhyz%@-% Mew | e
=4 85.4 (432) | 10.8 (5.5) | 1016 (51.3) 81.9 141%
2¥Ql | 465 (448) | 712 (6.9) | 50.2 (48.3) 40.1 159%
ol & g 62.1 (54.4) 0.0 (0.0) 52.1 (45.6) 53.6 113%
=z | 191 (157) | 631 (51.7) | 39.9 (32.6) 88.6 38%
B 488 (62.8) | 95 (122) | 195 (25.0) 52.9 47%
ol® 1744 (63.5) | 415 (15.1) | 58.6 (21.4) 159.1 73%
1) = 735.7 (70.5) | 99.6 (9.6) | 207.6 (19.9) 768.5 36%
Ei=n 79.1 (66.4) | 21.9 (18.3) | 16.2 (15.3) 92.5 27%
[Electricity Information 2018, ¥k=7d2 A4 2018]
O dUAAFTE st
o $gl+= OECD 3= F AUAAHEETT Helel o2 YA 7] ds
Yol et oA Fw BHAHAE E&
o A, gMed g dE4He] BEES VIAE A YA A A
O 2 JUAAFEE UL skt o
- 9As EFAUA R 29 o AUAAHEE 151 18.8%A4 18\
16%= 3=}
H 5 32718 JUXIXIEE X HXEIAT (T : %)
2015 2016 2017 2018
=7 Py A | 9AE | evA | A | oA | 99 | euvA | 43
AHE | 719E* | AFE | 795 | AHE | 79E [ A"HE | 79E
El 18.8 83.5 18.2 82.1 17.4 78.8 16.0 77.0
SRS 7.4 7.8 8.2 13.4 9.5 20.9 11.8 33.6
H) = 92.5 10.7 88.5 11.4 92.5 11.0 97.4 10.1
=d 38.9 19.9 37.1 19.2 36.9 17.3 37.0 17.7
sz | 551 81.9 53.0 79.9 52.3 80.2 55.0 79.4
EshEn 65.0 15.5 67.2 15.6 68.1 15.3 70.2 13.8

« 947 7)o
A=

(%) = AAE oA A4t/ E oA Ak
: World Energy Balances 2020
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[ 7t gl e ouAI¢tE 9]
o 7taARZ A dAR oA 7] FA THed St
- T Aed EHo2 Sl ZeI(PNG) flol e I FY Thsdtn
= 72 AAdo] a3t
* HA) ALY L A77HE FEE 2P ALSF
- AEv F7F SR e BlE 3
* A ATE TEALe LA 7HA 30~40%, ASk/A|71EE W8 30%, &EHIE
20~30% % AAHA] 7HA0] stgs= ul7e IA SR &

M

o rlr

o 7t 7149 =2 HEAS
VA = A=) d e
40%E 7333}

TEH7] T 74

712 f7hdsed S Es. 1~2d HEEo]

o
o
o
N Hu

H 6. AT E ING A=H|

(9] : 91/kWh)
Fu q0 | 11 | 12 | 13| 14 | 15 | 16 | 17 | 18 | ‘19
LN 10655 | 117.55 | 137.46 | 139.48 | 141.59 | 146.24 | 94.89 | 8417 | 88.97 |113.94
%EH] %7}. . . . . . . . . . .

© QRre FIAR AL olF YW AR AWelN shawd AFES TA Sen
UARH ST o3 pxd FRel R Az VAT Pl A

Bl dMAE JEEE A MAFHA ol =7t

A7V A BE GA0] oHE
- 199 M AS (A", LNG) EARFS 66% TTolH, A9z AErF
Aol 30d sHdE B HFE 532%% AR JEEE A A

54 %

=)
S °ﬂL17<l ASAGA FX1(17) o|F AT TA(18)E 2472~ wiEHo] 2d
]_
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H 12, St A E PMHIAUEIL H FHOIY
= 16 "17 18 19

TUDETE
(1/kWh) 83.02 87.32 95.67 95.26

o o] o] @]

e o] B 120,016 49,532 -2,080 12,765

(21%)

[F=d", =854 A89Z]
7t

o AAUA Sfol wE Wl

- AR Y P RS 93l ol U A A AR (Energy Storage System)

= =

% g, HYd ARE
AS AR ol o

o
2 HE2 U 2 Fo= 37t

O WAAHHIE LNG @AY FAof dAdste 224 918
- Ao HA Y 11EAY BHebS 9 WPGAHEE LNG ¢ &
Ao, 20500 Basd 24 fiAE LNG T v =
22 iR FHE2A A E7H

g7 FEA

600 & (¢F 74x)0l ©

0 832 4oz 497449 ok
o ANRF AFOR AAFAY o3 xd) (A2UT 4% 5)
- 29We =FAH A4 8 FHoE 4B BN AaFl A% 35T,
T2 7195 ol AE 5 A 437} ole 93
o Ak F ANRF MF e APAUA AU B 39
- By 9Eel BUAES YR-dolne AUt F A/1RF] AA
She MBS 22 45%, 30% FEOE NS HA1eF A W
o AYeIUA 23R o3l w7t

|2& zApito] @ Ao B

_’Ié_

s Hr7l= AgnlE 2 AT sEREe 1HE

shofalo] )3t
HA 5ok 5

A® AR] Carbon Tracker+= $F=2] LNG &2 thA] A& o)



=Y, 575 Jfutte] Ae AR iR FXo® Hr|aw 5 AR
WhA sz Aol |A] S de 3313 I 9A HIS A5 B8l %5
@FE HAraw = 1A
o FYL 2000 2UA AA F 1297HA Arlew 24 o) =
- 2000 OECDelA F3t olatld Zd Hr7jew2 AAAHA Eadh)
o} &2 o7 2017¢ OECD Hil FFO = A(-duztel 3
TF)
- B Zg s QYA o AAES FX Fo|AN AHE] A HF
< frAskaL 9lem OECD Hxtell vl 40% w2 7185 FF& A
- 2000 3=, ZRE2, 5 3= MU 8w Aol AA 2

o X
L 2000 ~2017'@ 717+ = 4AFFG 8 189%, FHE 128% 7} A5dle 3=,
o 2 A WAy

(&4 : 4/kWh)

E & A& T8 A&
2000 2017 (%) 2000 2017 (%)
il 66.3 122.1 84.2 107.7 1234 14.6
Zge | 502 125.1 149.2 142.7 2149 50.6
=9 56.9 164.2 188.6 169.3 386.4 128.2

= T8 109869/ 72
[OECD, Energy Prices and Taxes 2019, ¢%, dt=x¥ 54|, 2019]

o TFE AAAHA §44H o|F W75 FF
- AR S8 o] % 1093 A7187F B 8% AR eH, o2
Adsh Az=dA L] S-HM, sfelojd ez AZ A F71
- GE5F Aol AV7EA L 403U /kWhE AlA] Hal FFolH, w3 AF
FHA] 20%E AV 2FOE AF
o Mutt LEHEF= AAAUA SFth A o]F H7|es FSo= 4] ds)
- AU A g Al V08 dRE 16 A7 AT 8w 71% d
- AZlg s Feol wEt ek 5] 567t THE 85 AlH(154)
- A718w Aol WE A=Y oA, AR 7491 AL Ha

_’I7_



s ol

_x__.
Rl

<l

3 AR F4(LE

"l o
=~

[] f34d A=A 83 9471

g olgw ¥ ¢17]

‘mo

A 271 AXA] 2,000097) AAe oF 69t

2]

©)

O 9525 209 7}

H

8] o

1 UAE 715¢

=

719

o] olgo] sh&ald 7

Julg FF BF AL Aol

el H5F 4

=]
=

1993, 1970

= #83

A4

Fleu, 1979 222jvtdd 2

S 1958\ HE A&
o)

29l w2

Q7 o 93¢ A&Hos AA

A

]

<7

2 AR A SAENE

- 201235 Pl WellA At o] AZREA oY, 8 7R Al A

ol

"

np

Z|A A3 FAR I Qi EE S

- AZ wZe AT

—

AAPEA BHAZ S

14

o
o
1t

S| &A1 714} o

1A AE

A7

_18_



1. i X|2A s o A

&

ol

1 d=LH9Q} Post-A= L}

L 224 & AA dUA 8 9% H FF A%

o (MFAFL ) ‘199 T Z2vo] AAAZ dFoz 203 AA
NI Fo= FdE tiv] Za F4
- 13 YA e JUEx g8l 5%, AR Eof CO2 MiEHLE 7%, oA

Bop Exole 7% Zda F3

J86. 19 OiH] 201 2 oIX|+=2 X CO2 Hgta
(TH1:%)

Coal
Gas
Qil
Nuclear

Renewables :

Total energy demand _

CO; emissions
Energy investment
-20% -15% -10% -5% 0% 5%

[At% : IEA World Energy Outlook 2020]

O (FF %) AA odAFLart 22U ol FEoE &= AL 23d
(7181 5A) = 2593 EAAA) o= AT

- World Energy Outlook 2020 (International Energy Agency, "20.10)

0 W 2958 9% 2 $F A%
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o (AFFL 9% FuY
el 2.2% ZHa
- 199 AEFLE AP 25 T, 7IREN T FFSE IMF AL
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(‘'88\d), 71F W33 2F(UNFCCC) A= ('92')
- 212k BA F3]oA S A A (15.12), 21d A7 EA A EH
- AT BT AeS AHdE ol oM 15T E Adshe 53 A

o AT FH7|S A3t ol il of 1T Assidoen, sevdes Ad
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4 22 HuNYA 5

7t. OECD/IEAZ] MAILAX] HZH(WEO 2020)

o 208 AA 1xHA o= AW iy 5%, JdURATE CO2 viEHE 7%,
NAREA+= 18% 4

o HEH9e| ele ojuAFe Ztar AR AL 6Py elA 23U,
g BAAN}E 2= 259 BB o4

* SPS : Stated Policy Scenario

O
O

o EE AU oA RS .%L:%Lé}oq AgAAA 27t H43] T71E A
ojA T, LHAHHE +83
<19~'40 BHFZ7HE>

- AR 7.4(SPS)~10.1%(SDS),
- A= 1.5(SPS)~2.1%(SDS),

A A A AA WA A, T Z27F UA A 9

o
_1

s
rlr
=
%
o
4 =
AN
o
e
A
0o

* SDS : Sustainable Development Scenario

o "A&TPEAEA LR 2(SDSy A E FAAUA B4 FUjE A58, A

¥2 % LAt BF ks A

ﬂi{

o 2050 BaFAAGB L ANE TF 109 Bk dde| A 7} 247

- = 2= = A=
- 12 XY AE3}, s 74, AF
-5 = - -
Tg WF 5 Ao FH Fb 24 da
88, JuUX|x=2 o AU E HYF(Mioe)
2019 Change 2019 to 2030
] =]
=
12000 -- e
0 [——
9000 7 F - .
G 113,10 | SRR R———— L—— -
3000 000 _
SPS sSDs MNZE2050
M Coal H Oil Gas Nuclear Renewables M Traditional use of biomass

A+ E: WEO(2020), AUABA AT A4
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H 13. MA duX] BT

Stated Policy Scenario Sustainable Development Scenario
2010 | 2019 | 2030 | 2040 | SFEOO | 2010 | 2019 | 2030 | 2040 | 2/FEO
mf;' 12,852 | 14,406 | 15755 | 17,085 0.8 12,852 | 14,406 | 13,378 | 13,020 -0.5
MEt 3,650 | 3,774 | 3503 | 3314 -0.6 3650 | 3,774 | 27243 | 1,295 -5.0
MF 4117 | 4525 | 4774 | 4,832 0.3 4117 | 4525| 3,963 | 3,006 -1.9
ItA 2,755 | 3,340 | 3816 | 4321 12 2,755 | 3340 | 3312| 2943 -0.6
A 719 727 803 896 1.0 719 727 895 | 1,126 2.1
=g 296 370 438 509 15 296 370 475 575 2.1
o] 2 1,205 | 1354 | 1630 1816 14 1,205 | 1,354 | 1,283| 1,682 1.0
A4 110 314 792 | 1,396 74 110 314 | 1,207 2,39 10.1
grM2F | 21,524 | 26,942 | 32,818 | 40,094 1.9 21,524 | 26,942 | 31,465 | 38,774 17
Mt 8662 | 9849 | 9294| 8984 -04 8662 | 9849 | 4864 | 1,951 74
e 970 785 560 463 -2.5 970 785 326 187 -6.6
S 4842 | 6317 | 7331| 8387 14 4842 | 6317 | 6465| 4,550 -1.6
HXHH 2756 | 2,789 | 3,081 3,439 1.0 2756 | 2,789 | 3435| 4,320 2.1
N 4260 | 7167 | 12,522 | 18,791 47 4260 | 7,167 | 16,345 | 27,737 6.7
% CO2 | 30420 | 33292 | 33239 33274 -0.0 30,420 | 33,292 | 24,261 | 14,704 -3.8
SOTE | 12303 | 13699 | 12782 | 12477 | -04 | 12393 | 13699 | 7786 | 3185 67

Z+5: OECD/IEA, World Energy Outlook 2020

Ll F239| oiL{X|HA(MEE 0l
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FA9 A9 2g A1 Aes Y e

M, 2184 gt AYUAN 53

SR X
B3R H3gF 342 7R 9o, dAY I AHHE VAL = =Tt
g > d
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J89. Fo3 HHYA(IEA, 2018)
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0% 20% 40% 60% 80% 100%
.,;";"”;ii;,jﬁg m Oil mNatural gas mCoal mPeat mNuciear mBioenergy and waste mHydro @Wind = Solar™ = Geothermal

[ ==
o BAFH v¥ty DOE/EIA A& 2050714 dxtg nlFo] dxje] Ayt

0%, WHFL AF ZFolT o 9

o BrAFTHO H$ SMR 49 Al xE Au] ZU1E HA vl 38 7}

J810. D59 HEYPLUUE YLY MY -EIA2)

U.S. electricity generation from selected fuels
AEO2021 Reference case
billion kilowatthours

6,000 2020
5.000 history : projections
4,000 | . e
3.000 oz l'ear
2,000
1,000

0

2010 2020 2030 2040 2050

2) U.S. Energy Information Administration, Annual Energy Outlook 2021 (AE02021). ¥At2-2 2050 71A]
26WS] 417 F47 20GWo] o] Elojgt najelo] 918,
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J811. 0159 MXE HMEF HY-EIA
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- (A97hz) @A ALY 40% o1, FUAR F L7k wjEo] Hof
nsl Age) F4 4
0 %%

o AN FF AUA BAY WAE B3 2060d Bx FYL TFE
uA A FE

o FAH U Yol B FAE gout Folut olux FoF P9
sha oA el thasts Slsl ARAH ALe Egstel ANE HFTHD
A4 et PE

O 93¢ 393 Tus A983¢ 53 DAL 20259747 $a5HT, 7>
JEEE BRATE AL AT e

© F=ARTF 2020 F T2 oA et wlE el mEE dAl 63 TWh
o] A WHAFE 20409 86TWhE F7HA7IE A&
(Reference Scenario)Z #1l, 7|& Y9 HAE AFLdHozZ AsEA
S8Fe =HE AFLY

812, 2040 |= T2

AN
st

NN
S

AN
&V

100
BAV.Y)
n
Vv

"N 1N10 9019 N £9018 7070 NI 04 096 3072 IN20 N2 IN2A IN2E N8 INAN
a.uuvo.ulv»ﬂl»o.u "s.\dlUl.VlSa.U»U~UA.¢.».UA. LULD LUL0 LV u;u‘.u.¢.vJ"’>.V.’)buu38¢.v“’u

1 Coa B Cod and natura gasCCSm O
Nauralgas  Nuclear 1 Other thermal
B Renewables B Pumped storzge output B Battery storage output

3) AAY B9 o[|A]” WA, Fa 5, 2020.12.21
4) Energy and Emissions Projections:2019, Department for Business, Energy & Industrial Strategy, 2020.
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2019
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Nuclear power increased rapidly from the 1970s to the 1990s, but since 2005, generation has

fallen from around 30% of total power generation to 12% in 2018.

Source: IEA (2019a), World Energy Balances 2019, www.iea.org/statistics/.
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£ wet 20501 kg3 4,300 ~8900€¢). ©]& kWhE 2HistH 1009 /kWh

~2209/kWh4.
* AR ] AR, FEHIES A e
* R AYng-S ek @1 v AR FAE AsHA dHoE tA A
H3ls 749 WEu(dEh)E 143Y/kWh~3149/kWh(E-& 70% 2-8)<
- AT BlFo] 35%% 40 T Ve 4-BANMECE FAAAZ

2030 2040 2050
- £
casel,?2 | case3,4 | casel,2 | case3,4 casel case?2 case3 case4
I A7 ZHTWh) 11.8 135 223 26.9 11.9 133.0 39.6 146.7
HN A ZFHGCW) 35.3 36.3 56.5 58.7 71.1 141.9 74.5 1453
An]o]-8-E(%) 38 43 45 5.2 52 10.7 6.1 11.5

T FAR(2Y) 34.6 35.6 55.4 57.5 69.7 139.1 73.0 1424

A7 /kg H2) 15109 | 13,532 | 12775 | 11,030 | 11,083 5,387 9,509 5,002

12,088 | 10,826 | 10,220 8,824 8,866 4,310 7,607 4,002
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s

) ;\__E oq])bl—

_46_



H 26. =0 Z&Tyol 2T H|E HE

T 2 &Y A AP $F(25~'30)
Aaka] g 2,474~7,273 1,821~5,426(25% )
A7 8(A=) 285 217(24% 1)
FEHSHFHEH YY) 7,656 2,615(66% |)
Al 10,365~15,214 4,653~8,294(51% |)

T A7ME =ay
Z}&: CSIRO, National Hydrogen Roadmap, 2018 H2KOREA,

FEE FaAR FHAAR D FFAA FELRL, 2017
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2t 24712 HIEE

30 19%%25 A 309 BE 193988 F=43%
* eA 7t HlEEe 199 LAVIAEA 7%
* AS)CO2-g/kWh) : A& 8258, 712 362.0

H 28 ZHSFE 2L HIE H{EHY

AIJtA
T % A 7k

] S A 5(tC/T)) 27.404 15.312

H] &7 4= £/ A TOE) 4207 2350.6
WA H(kcal /kg) 5499 13061

1| &7 55(CO2/ keal) 4.20E-07 2.40E-07
CO2E)/AE(H) 2313 3.07

d 4~H] & (kcal /kWh) 1963 1540
H] &7 4~(CO2-g/kWh) 825.8 362.0

F : 1kgC = 44/12 kgCO2
A8 2019777 2B A AZA A (AIZAA),p.15.

o A7t HETL AU ] WA T AFUAS T wl FAaZoe] e
- AFYA 6715 TEE Case3?] BAH]E A7 Casel UHH] 219 THE

F7F A=A 17198 3.590HE)

- 40 o] o] MebiHS YHo = thAIShs 7 -(Cased)= Casel tiH] 729

o 40 ~ ’50\d 7|13t T AR EHnF2] 10% EJE St a3+= =k

o ‘40 ~ 50 71ZF = AH 2719 g 2= oF 20MTHEY. ¥l 4

F o= AYE BASHE sl wet gekd & AR, ARdde weshs

Case3, 4°] Btax 7 ke 1719 109 ES 2 FA =

H 29. CaseZ2 CO2 HIET

o 2030 2040 203

= 9ZAE Casel,2 Case3 4 Casel Case2 Case3 Case4
B
CE)?E 189.6 178.0 163.8 141.3 55.6 120.1 68.9
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o AAYANIA BIFE 80%(Case2) & S5 WHRES] Sasy G4 B, wid
CcO2 HH%XVF H)-g-& 3t} HAY($262 ~615/CO2E)
- GAE BSE Az o g s Cased?] CO2 A7H|go] /M Y
B 30. CO2 MZH|§ =%
S 2019 | 2030 2050
74 | 9o2AE casel case2 case3 cased
wlEFAELE) | 2150 | 189.6 141.3 55.6 120.1 68.9
W H) &
(=) 507 | 635 | 972~102.8 | 123.8~1471 | 94.6~1014 | 91.9~995
i Tl - 504 | 631~70.7 | 459~605 | 463~534 | 282~334
2R g ] 088 | 549615 = 399~526 | 402~465 | 245~290

s AT, LTOMON QAT MYUm BAKY IS

o 1400MWH HYH1717} o] &E& 80% = 7ls5+= AF & LAFo] Hehdd s
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AT /kWh) 583 1187 139.6 138 2745
Bg z=ng | AETHA 29 61 56 55 198
($/CO2E) 7} A -145 - 50 46 374
(A BAaX7H] 82020 718)]
s/co2=

400

300

200
B S EHCHA

100 RO A

i e .

0 -

-100

-200

_49_



4

HIZ2 Hlit

o AN EL HATL e #5553t EANE, A HRA] AEETH]810), et
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o WAE, A shaEd-e 19d AL AR 2 W B]-8(LCOE) 9
st FAIE ARt @) vkl
H 31. FAEIH2019)
T2 SR = ZSh2 7 & Bt
A /kWh 5831 86.03 118.66 121.25 89.38
A% AYAR L 201995 HHALFA
o AR = EFE, S§445H, sITE, A5 &) A= iHH 8-S
FAsA, 713 JhsEdHrE el 83 o] Aoy R HE b0
mid Wolx a1 e FAIE ek AY
o EfFFe] wAn]g-L 501 A 1409¥/kWh tiH] 57%7F A5t 609, S
g} PAZE L 17%, 29%7F 7HA3 1159, 194902, AT A= A 2409
A 200902 =4
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o AAUA] HAe] T JIEHTF WrteE AR L HE Wl 93]

ARE. AdEEe] 7A7F 2ol AAN S O0A] AR &4
* P2hE AR AR ThEEE @t
- Case 1,3 : ~'30d 172.79, ~"40d 174.9¢, ~'501d 1653
- Case 24 : ~'30d 172.79, ~'40d 17499, ~'50d 163.6
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H 32. T’ golLX|] EXH|§

2 = kA 2 H];% 7}§%“ S
(TWh) (£9) (¥/kWh)
Casel, 3,4
20-"30 7135 123.2 172.7
Case2
Casel, 3,4
’20-"40 22223 388.8 1749
Case2
Casel, 3,4 4,702.6 7775 165.3
"20-'50
Case2 5,290.7 865.7 163.6

- AR = 1t e FHom AHAFTHY FHHE= DA AYANAA
&, 1 =

fEH g 55
- WAN]g1) S AL HFAS HEAFo| FASHA L3 Y3l F7}
Z ZtRjoF sf= LHdn| ] HlES 2|

C mAAHl g A ue] BEA(GHAR 5) wEe] whshs 181,

A% AU A TE Bxvle) o], Fug 24e 9T LdAS Y
Aoz iy AR S| 7}, W] =3} Fis M EF7t
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- Pl wee Aol e] Suldn H4ule R ASRANE 2 Tel=
Hlg-e AR FakEE AL opd
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8 29. System LCOE OlA|

Wind: System LCOE

T14L0
120

100

EMWh
5 8

5

20

Generation costs Integration costs

5 19 15 20 25 I0 IS LD
Final electricity share of Wind (%}

B Gridcosts — System LCOE

|l- Balancing costs == Short-term
E
System LOOE
Profile costs

B Generstion costs

B ionpg-term
Capacity adustment

- A3 9(19)9 ATolAE WERES|ARA Y] FAATE o83t 30d B
o] ASEIN LT 7699~17.369/kWh, Z3 1524~24.68%1/kWh, EfjF3}
Z8S 33 = ASHEOZ 2372~42.04U/kWh = A A]

OECD/NEA(19)= AAHA HIFo W& SAREozA A= BlFo]

10%Y€ ™ $7/MWhygg, 30% $17, 50% $30= AAE =, AAAHA] vlFo] #

ATE 49 Mol 71

T3 NEAS| d7dd= f-gl9k Zo] =7ikE AEAFAA7} §le 4 THHA
T R HFo] We A AR AlFEErLol IA St

8 30. iAW X] AT T HI 3 ($/MWh_VRE)

m Profile costs m Connection costs Balancing costs m Grid costs
60

o 350
=
=
= 40
=
= =] *
é 20 4
E
b4
b% ° . .

0 +

Main scenario No IC No IC, no

flexible hydro

10% VRE ‘ 30% VRE 50% VRE 75% VRE

A}&: OECD/NEA, The Costs of Decarbonisation : System Cost with High Shares of
Nuclear and Renewables, 2019
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39.5~57.6% A=

Eo| A= OECD/NEAS] ATZA7E 3
A 1300 $7/MWhyre, ‘4043 $17, 5013 $30S 283

F4 dbEng A= 50.7
FEA = 11939 A

7= 1993 90.19/kWhollA] o g =2 2~

F3}]

%9

=
G i 7 4

d, BT = 9019 /kWhz 714

) AYIA A7)

. A8

27kl )

} 89.4¥<.

ks

E

H3}o] whel 125.7~141.1Y/kKWhZ2

o AR Frjjo] mE AFTEYE 101x2~16.659, FY LA th3H§ HA
5.7%~375%5 Frtehd Tdn| &L 14712Y(2233Y/KWh7HA] 5 715
/\6] )}]\’E‘

H 33. 2xU|§ FT &
S A 8(F) AT T Al
= A7 HA /KWh) H-8(X) o}-8-HI-&(X) (%, 9/kWh)
50.7 50.7
2019 ©01) - - (90.1)
83.4 99.3~102.8
Casel (1314) 101 57792 (156.4~161.9)
929 123.8~147.1
o Case2 (1411) 16.6 14.3~375 (188.1~2233)
80.0 97.0~101.4
Case3 (1257 10.1 6.9~11.2 (152.4~1593)
76.9 94.7~99.5
Case4 (1206) 10.1 7.7~125 (1485 ~156.1)
8 31. Cases ZXEHIL Byt
#/kwh
250
200
150 1 HYEHG S8
mHEETEE
100 -
~ ~ ~ ~ mERC
50 I
O |
CASE1L CASE2 CASE3 CASE4

2019 2050
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O A7es 9%

o AZAIE A3H A7x 10 “ArlaFo] A Wil FA ol&L B A
d A" o= 7

o ‘199 S DRASERE BHET7 8949 /kWhell A¥e Fdsted 7]
AL Al 10879l . FAn] S-Sl g) 02 19392
d T HE= HAAEY v v HEdrhE 199 v Ay
Mol W Ar)eF FFIFS el 2 5 g

o A718FL | go] 60~70%S Hf, mEe A QFe An|Fret FAlo)
Sa3s 9m
d3 32. MJ1232 $78(2020)

2 H| £ (50-70%)

. . ’ #2020 AHH S
- - ATl 4295
e & ‘ L)

0' EU’} 80.9&/kWh

Ed
= = 2019 EHH|S: REC 2%
SRR \)ﬁ. Sl 06T 8 &

(5%z)

LML 2 =t Y
(10%s), (10%), (10%2) Hi = ‘:H]HTQI: 55.9% =
" T THOREHZE 109.8 Y /kWh
HELUYV(ED|S I 7|87 & 4.1/kWH
(.7%) S22 M 11.0/kWh
BI7FK| Hlaow +8% 7 ¢

Al: 124.8€/kWh

o “19dE AR AT T8 Y e t-gHE-S TR B

o AT Wl ofg Hrle s P 309 18%~2% U, 40 36% ~43%=
871

o 501 Z7]ABIAR= Caseoll W} wid 452 WA] 10022 71 F5 24

‘50 AR WSS 50% = FHsh= 4 7|52 544~66.7%, A

UA| HlE< 80% = 74171 749 90.8~123.2% Q1748 A

o
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H 34. Case8 HJ|23

[eX ReA]

(SH9]: 9/KWh)

OO
< 2019 A7 793k
s s [zl
Casel 156.4~161.9 175.7~181.2 61.6~66.7
Case? 188.1~223.3 207.4~242.6 90.8~123.2
19.3 108.7
Case3 152.4~159.3 171.7~178.6 58.0~64.3
Cased 148.5~156.1 167.8~175.4 54.4~61.4
T AN S, FIPEAAl 23Eg
18 33. 123 V%
%
150
120
90 S
m E| I
B0 ——=== -
0 T T T
CASE] CASE2 CASE3 CASE4
[1 2% (Case2)# AH-7FA|(Cased) 23} vl
= Case? Case4
=kl LHAFA (AT 137]),
7 = Co
Case 7).8 AP Z 80% AR Z 50%
50 Z125=2(TWh, GW) 577.9, 107.7
AAEF AGW) 349.4 247.5
22} 124 30.6
Bl 3 154.4 79.7
9 80.3 415
A 89.0  (135) AR 2195  (344)
A #HTWh), B15(%) B 37 2069  (314) Ef| 33 1068  (16.8)
34 1822  (27.7) 9 942  (14.8)
FYE AR 3,877 2,617
H] &%) (44.3) (29.9)
AR, g - T4 133,014 44,167
DAF 5 ¥F (GWh, %) (34.2) (22.0)
Sl ﬂ%%ﬂl Z9) 14.3~37.5 7.7~125
AT TR &(=d 16.6 10.1
il BT ES)) 123.8~147.1 91.9~99.5
A7N8= I 90.8~123.2 50.4~61.4
247k HlE(W T CO2E) 55.6 68.9
=47k B]-8($/CO2¥) 399~526 245~290
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18 34. Global electricity generation by source in the NZE

Global electricity generation by source in the NZE

~ 25 100% g — = 0il
E Unabated natural gas
E 20 80% . = Unabated coal
2 . W Fossil fuels with CCUS
= Hydrogen based

15 60% Nuclear

l Other renewables
10 40% B Hydropower
Wind
W Solar PV

5 — 20% l

‘l||- -

2010 2020 2030 2040 2050 2020 2030 2050
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18 35. Key Milestones in Transforming Global Electricity Generation

Decarbonivation of = Advenced economies 0 aggregate: 2035,
slecirboity sectof o Frnerging market and developing economiss: 2040,

Hydrogen-baied = Start setrofiting coal-fired power plants to co-fire with amemgnia and gas furbdnes

LT to eo-Tire with hydrogen by 2025,
Unabated & Phase out all l.ub:ﬂllurmal-f-led power plamts by 2030 (870 OW exnting planiy
Tl fued and 14 GW ander consimscticon]).

= PFhaser out all unabated coal-fieed plants by 2040
= Phase out large odl-fived power plants in the 2030
= UnSbalen natudal as-Ired Renerstion pesis. iy JUS0ana is S iower by S,

Category oxn 20340 TR0
Totsl sfedtridity paneration [TV EE-EII 3T 308 71 Hl:l
;!:-.E_.,;,.-h;: ......................... Ehiwrhe-L i =
installed capacity [GW) 2 950 10 300 15 500
Share in tofasl genaration FiE Gl i
Share of sodar PV and wind b ToUE generation L A BER
Cashan caplare, mnl;u_lﬂ'rul and storage [COUS) genersban [TWn)

Coal and gas plants equipped with CCUS 4 A5 1230
Bioenesgy planty with COUS o 130 Ean
Mydragen and Ammdania

Average blerdeng in ghobal coal-fred generation (withaut CCUS) o= N 100
ANErage Hurﬂlmmhﬂ gas-fired generation (without CLUS) o 9% 25%
.I.-Jr.'u;.h-.:-i ed I'm'|.1l Fl..-rh.

Share of unabated coal in totsl electncity generation 35% B 0.0,
Hﬂfl‘ﬂul‘ilbl[!ﬂ Aataral Ei".i in total alectricity G.E'ﬁHIIIﬂﬂ: ki 1™ 0.3%
Hur..l:'.:ir PO o _.‘!'ﬂ..I-F-E:} -.3-!.'-.\.:"1_-.'1:9 7 -E&j;-;ﬁ o
Average annual capacity additions (GW) 3 17 4
trfrastructure

Electroity netwarks insestment in USD Biion (2009) il 1 210 B
Substations capacity (GVA) SE900 113000 280400
Hatfery storage (GW) 18 590 3100
Public EV charging (GW) i 1780 12 400

Hote: GW = gigawatts; GVA = gigawt smper,

O (F1=) = vlo]&2 50d ©AHlE Net Zero ©74, ©l& 93l 35@7HA= Y
oA &4 wlEds AZE WEZte A8 (Carbon Free Power Sector by
2035)
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o Hlo|E FAHRE= 2050 BAFH B o AAHI YA BFS F_eh=
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- HlolE USR8 AdstAAL vl eke] Ak, 27k wlE Aol tid
JAEIE & F3
- 713N A Rl EAT)BoE ARPA-CE AYsINS. YA Eopo
A= SMR 7 Aol F4e = A= o/dd

ARPA-C: Advanced Research Projects Agency for Climate

o XH2H 3 ‘Net-Zero America’l? H A 37t
<zd2d" g A7 gk
- Net-Zero= 7|2 o2 7153 A5 ALg] - AAA o2 x|8]of & tr} SA]
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- 30717 T AR} 719 Ee] BaEde 98] 25xPE B2 A

Fid
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Ta< 98 FHdkme AEL-S ANFA Zotor g
-HE YA 50%4 80 Al&&Ay tjEo] 250GWel Al YxE wkA
1GW 2507] & SMR 3,8007]) 114 =
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12) E. Larson, C. Greig, ]J. Jenkins, E. Mayfield, A. Pascale, C. Zhang, J. Drossman, R. Williams, S.
Pacala, R. Socolow, EJ Baik, R. Birdsey, R. Duke, R. Jones, B. Haley, E. Leslie, K. Paustian, and A.
Swan, Net-Zero America: Potential Pathways, Infrastructure, and Impacts, interim report, Princeton
University, Princeton, NJ, December 15, 2020.
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a8 36. TEAE 8 Net—Zero America E11A2] 604 X

1. Efficiency & Electrification 2, Clean Electricity

Consumer energy investment
and use behaviors change
+ 300 million personal EVs
+ 130 million residences with heat
pump heating
Industrial efficiency gains
+ Rapid productivity gain

« EAF/DRI steel making

4. CO, capture & storage

Geologic storage of 0.9 — 1.7
GtCO,/y
« Capture at ~1,000+ facilities
* 21,000 to 25,000 km interstate
CO, trunk pipeline network
+ 85,000 km of spur pipelines
delivering CO, to trunk lines
+ Thousands of injection wells

Wind and solar
« Rapidly site 10s-100s of GW per
year, sustain for decades
+ 3x to 5x today’s transmission
Nuclear
* In RE- scenario site up to 250 new
1-GW reactors (or 3,800 SMRs).
* Spent fuel disposal.
NGCC-CCS
+ In RE-, 300+ plants (@750 MW)
Flexible resources
+ Combustion turbines w/high H,
* Large flexible loads: electrolysis,
electric boilers, direct air capture
+ 50 - 180 GW of 6-hour batteries

5. Non-CO, Emissions
Methane, N,O, Fluorocarbons
+ 20% below 2020 emissions (CO,,)
by 2050 (30% below 2050 REF).

Major bioenergy industry
+ 100s of new conversion facilities
* 620 million t/y biomass feedstock
production (1.2 Bt/y in E- B+)
H, and synfuels industries
* 8-19 EJ H, from biomass with CCS
(BECCS), electrolysis, and/or
methane reforming
+ Largest H, use is for fuels synthesis
in most scenarios

Forest management
« Potential sink of 0.5 to 1 GtCO,./y,
impacting %2 or more of all US
forest area (> 130 Mha).
Agricultural practices
* Potential sink ~0.20 GtCO,./y if
conservation measures adopted
across 1 — 2 million farms,

O (7F¥) 71593} gdS 98 247t A55ERE AEHoZ Fgs] & 79
=71E2 EU A243]2]('19.12)014 ‘5037k4] S Th
9189 (European Green Deal) 3ol dtojslal 2t E B4 HHlE A=
(net-zero) FXE HASISEAY BH| vtY F

O P71 2050 BATH AU B HAISK19.6)

- 7133 eHClimate Change Act 2008) 78S Fa) 2050Q@7HA] 247k~
|2 & A Z(net-zero) HEE HAISH

- 2570 Mebdbd $bd EE, 35d7kA] idriEa 4 HE

- 50 BATHE fd 1xbllvA bS] HrIstE ‘199 divl 28ie] A
o GEm, QAR e} dHe A &8 A
* 50 oUR L2 AF)  ARYNIR] 57%, DA/ EAEFAA 38%, G4 5%

* AH4F S AF : IGW(201d) — 25GW('301) — 32GW(‘40)
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8 37. =2 Net Zero Scenario

FIGURE 3.3 - UK EMISSIONS, NET ZERO SCENARIO

500 » Economy-wide analysis
suggests deep
400 decarbonisation in
most sectors, eg.
— through electrification
o
8 Adaton & » The final 5 per cent are
g 200 Agriculture based on the hardest to
Residual t+ Jggé‘t'g‘)ad decarbonise elements
ok avilion of aviation, agriculture,
100 and agriculture) industry, buildings and
deploying innovative GGRs
0 » Electricity may need to do
more if other sectors
100 cannot deliver

2019 2050 2050

B F-gases M Transport @ Power/H, B Buildings ® Waste
B Industry ® Aviation B Land use and agriculture  Additional removals/abatement
® Direct air capture of CO, and storage ® Wood in construction ® Bioenergy with CCS (BECCS)
Source: CCC 2020 Progress Report
A8 G AR )8R 3 AF, ENERGY WHITE PAPER, 2020.12
18 38. ¥=2 20504 Net—Zero E¥E AT XA HY

2019 [UK)

Bectrcity demand could double
by 2050 as other sectors aectrify

2050 (GB) Wustrathve mibc A

2050 ([GB) Bustrathve mix B

o 100 200 3040 4040 500 G600 700
Generation (TWh)

W Mudas B Othar (famal) BGas Gas COUES B Ranswanikas Bl Hydmogen Met smports Wl Storaga st suppdyd

* 945, Energy White Paper, 2020.12
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o ZgfX ;20501 g

o 298, k2o, RAs

1 -

33 %

A H RHAISH19.11)
e FX], 30d7HA] P H s ANES 40%

Qo= SollA 2050 o]

P 2025 2060

Mtoe | GWy* H1<Z, % Mtoe | GWy* H1Z, %
At 2860 3798 51.9 110 146 2.5
7t 560 744 10.2 140 186 32
A 980 1301 17.8 340 452 7.7
T4 440 584 8.0 660 876 15.0
Hpo] & 110 146 2.0 220 292 5.0
9 240 319 4.4 1070 1421 244
AR 170 226 3.1 820 1089 18.7
B &3 150 199 2.7 1030 1368 235
A 5510 7317 100.0 4390 5830 100.0

[AI%. : China’s Top Climate Scientists Plan Road Map to 2060 Goa(Bloomberg Green, "20.09.28)

[1(Q8) 2050 §45Y =3

O ‘30d7FA| AR BlF 22~24%= S|, dAH HlS 20~22% g Y F1

A (20.10)
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13 39.

EHATH E82 AT QYX|20F EHAHET MY
20184 2030 Md 7= % 20504 Dx)
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A ORI AEF 2 =9, 2017
AL A] 3020 o] YA, 2017
A&t oA 7| A, 2014
AI3AE oA 7| 2AE, 2019
AI8AF A 5Z71 LA, 2017
AI9RE R 5Z7) LA, 2020
Nual5657] gestelus], Mg 56357 228 8iA, 2017
IR AH AT, 2020 7] oI5 AY, 2020.9
R, Aeiag7BAE dot © Zawst 2019
REAAEA 2019
AEuA S st LY SUAE, 2020
SATIA 7HE 2TW 2016
oA AR, 2017
AAAA RS 2019

-

017-2067, 2019

ARI(IRL, S2AR2A), FTAAR(3R), AL AU, ojExA ATt
2018.8~2019.5

FTAL AL FRALEA A89S

Ad= BEIS(Department for Business, Energy & Industrial Strategy),
Energy and Emissions Projections:2019, , 2020.

A= AFAHE 9l3]H8 7 At&, Energy White Paper, 2020.12

A& BALDA, AYURZ|2A=tE, 2018.5

= 779, AA S=9 YAl ®A, 2020.12

x=tA RTE, Integrated National Energy and Climate Plan for France,

2017

Bloomberg Green, China's Top Climate Scientists Plan Road Map to
2060 Goal, 2020.9
CSIRO, National Hydrogen Roadmap, 2018 HZKOREA
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Drossman, R. Williams, S. Pacala, R. Socolow, EJ Baik, R.
Birdsey, R. Duke, R. Jones, B. Haley, E. Leslie, K. Paustian, and
A. Swan, Net-Zero America: Potential Pathways, Infrastructure,
and Impacts, interim report, Princeton University, Princeton, NJ,
December 15, 2020.

Jesse D. Jenkins and Samuel Thernstrom, Deep Decarbonization of the
Electric Power Sector Insights from Recent Literature,
EIRP(Energy Innovation Reform Project), 2017.3

OECD, Electricity Information 2018
World Energy Balances 2020
Energy Prices and Taxes 2019

OECD/IEA, World Energy Outlook 2020

Net Zero Emission 2050, 2021
OECD/NEA, The Costs of Decarbonization: System Costs with High Shares
of Nuclear and Renewables, NEA No.7299, 2019
U.S. DOE/EIA , Annual Energy Outlook 2021
U.S. DOE, Energy Storage Technology and Cost Characterization
Report. 2019.7
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HAAH 2 247IE AFAT)V7] AsliMe B 247k Aol ¥ 4l
L3l QYT Gekh WHFEC] Friso] S, G4, B4, A4 B oUiA
< B At (Kriegler et al. 2014;

White House 2016, Morrison et al.2015, William et al.2015; Krey et al.2014).
Kriegler et al.(2014)¢} Krey et al. (2014)+= 187} IEHE 247 ZAH3 AT &
g ATFAIAE QoA RHREY dauER A9 07F 20509 E A H
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do 3T oY RS vlustHA AHITE ofPAY rbed A e
&, AE, UE FE2F, Y ¥R 9)0] SAER TR 2AVIAET
°] 20507141 1990 =<£2] 80% ©)’d E°i=olof Akl WTH T William et
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Krey et al.(2014)= AA|72] M&E4=27} 205007404 35-130% Z7F8A oA =
29 20-50%E A77F AL Aoz Awstar vk William et al.(2015)S 1)=&
oz 3 4710 JPsd Aueles B8 A-sert 2050871x) A 2m)
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S7FlA Hl= AU A| oA 2RASk= Aol @A 20%A4 205013 ol = 50% ©]
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58218 A8 60%E A, 4E AHFa9] 50%@AE 20%)F A7} 2t
At Y] W H gt A7 olgE AR AWsith
Jacobson(2015) Zg3EY ol HFoHA 22 100%E 7] &F2 AHe °]&3
FAhE T AYUELE IHEET o] AS AEF8E 20509704 5H) STt
e o E st

2 HIEFS A9 1/2 &2 2/32 Eolv AL dA &
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2016, de Sisternes, Jenkins, Botterud 2016; Williams et al. 2015, Morrison et al.
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oJF ATANE TUSNW A1 BN YekiaE Telse] WY s
A= Ao FASITHE Aotk T84 2ow P v FIHE AR ol
L AnE e 5 Ak EY, BgelUiA, COSRE Sl s e P8
o] W2 o ofu Awe] Aga AP TAo| JHsEkAE o WU
49 A5 gEa AYASES TESHE ofPnia Rok wepd gekk
AYA 2] TEHE F71AQ BN B WIS FAsNops Br1H A
golu} 237 BrAHS] ©E 54 BAde] AU g 5o 92 Webl Hu
Yeks YA 2E PR FIHOR AT 5 Yok S AAsNoRE Zloltt

5. AR Lol] F2 FL HA o T o|EEE= Zo] o]2FH o gE J}5EA|Nk
Chekgk Wi Qo] A3 289 ¢-R R o] Wo] By Wt oy

2 FEsol ¥ HHEE US> 8

AYANAA 100% 2 LA FF] gebh Ad-s B3 AdFE50] Bl Atk (Becker
et al. 2014; Jacobson, Delucchi, Bazouin et al. 2015; Jacobson, Delucchi, Cameron
et al. 2015, Elliston, MacGill, Diesendorf 2014, Frew et al. 2016, Lenzen et al.
2016). F=SH AR HHHF 80%s A% ATES ®Bol Atk (Cochran,
Mai, Bazilian 2014; Mai, Mulcahy, et al. 2014; Mai, Hand, et al. 2014; Riesz,
Vithayasrichareon, MacGill 2015); Brick and Thernstrom 2016, Akashi et al. 2014;
Amorim et al.2014; Gillespie, Grieve, Sorrell 2015; Heal 2016; Mileva et al 2016;
MacDonald et al. 2016; Plebmann and Blechinger 2017).

oJF ATEE AWANIA(FE FHT} BFoliA)ol oEF Bes APo] 7}
T EAs I 2 olE A5 AR ThE Tk why

= B7ST ARl HHOR olEshe A
& Sk AN 2do) Wste] YA 1 ES FIhE AR okatn
@ slAsloke ofe) 71X 71 BRI Bad Zolgks e fAge] T8
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e BjpoUA 2o MEAY AYolUIHe) 22 oEsHe wEa
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23} groluixe] WEA wEo, oS WA WHNIFo] B HHA~HL
wrh gelste pHYow TAE WA vale B4 T B FuAng
i %

o] £9lg a7t AYSFLE Az AR FFHY] AN AR &
5

o] AV HAAANE HfF3)ofsit)
* Plebmann and Blechinger(2017)+ #H4 AHA2HE o= T3 HY
o]l o]=3t EElh YA 2] FHEHAN| S-S FASIYPY o5
1990 EHAHlETFe] 984% 5 2050 7R Zd=A1717] shA i Adn]gafo]

HERate] 4200 SsokRTh EASHST

* Elliston, MacGill, Diesendorf(2014)2 &52] HAHA|=EHS 100% AAYAHA=Z
Tt FER AR & FS HFHSEY 3uj7tEFo] Fojof gttt EA1SkI T

* Brick and Thernstrom(2016) 53 Bl Ao T2 Edhe= A 2=H
< A & AREAQD AYA "ol Hlste] FExdn]gFo] 35554 T

o)
rojof flcja HAssIT

* Mai, Mulcahy, et al.(2014) "|=9| AHA|=HlS TGO 2 E483d=t A4
iAol WH|FS 80%E FAstH A nj=o FLAENEFE 2= =
ojutoRgitta A3l

Fej3} Hldoix s Aulo| &80 Y] WEe] Be Mwgde Wew suw
AN BR7} YEH o Sod Aotk

i g FlqA ol T2 oEshe AYA vl dEFa s mjAgE P8 A
2 Fust7] A et ol 5d7Fs EAARE Baaorsth 54
s WRAERE AR 9] DA EHE back upstr] flsiA Basit

Plebmann and Blechinger(2017)& frd< WdoE AR T2 &3}
AYAN 2" BT o8 dFolAe AR e 1183 d 54
sh7] sl Bagt 8, 7k, AUAARLA] o] AulgFe] AFHsE 23st



/\]7]_Eo]. OﬂoﬂLﬂX] x{ZLy]_}_—_)u].og :rL/HQ i JE:] ]Z\_Eé!% _E_{\j'g-]_g;\%q o
Aol HA] olejoll= FH7Fs WAdnle] Frt dem 11 U &5 277 A
THIE st A2 YERTE. Mai, Mulcahy, et al.(2014)« Vo< TGO
AR AE]= 80% 2] Z—]Eﬂ}\])\lﬂ]o BAEHA Ael 71 zpEe] ubA A
H|&-F 400 GW, biomass 100 GW, &8 2 EjFd(GoluiA] AAo] 7Fs3h 200
GWE| §x3171s ExAdn7t dasitta Agsiith 7)o ol|AA443] 100-152
GWet atd7bs ¥, 2448 GWE Hsohd F37bs &dAdn-&=Fo] 825-900
GWel o2 HFraksh 7o) nlsk Szo0] Bot B

 AAYATA ERR|Fo] =2 AHAZHANA FHA Bjgoldx e HMsde
Hebeh= to® FR7Fs EHdS 1HskA oA Al oy A& Ao
of| 4 2| 4| %-7d2] (long-duration seasonal energy storage)©l|

171
o] &l ofritth.

Becker et al.(2014)= "|=¢ HHA2EHS ddo= FHFH i ATE FH
LYoz yHSHA qUAAY dede HALR sk= A AulTde EE313
th & BA0A ml= ARE Y R9] 15-30%) sidehe HH e A4l

UAIAZ ARl7E HRsithal o] 5 A48tk o= tiEf 816+ &<+ 'TAst

=
s AUA AR sFMort= erlshs Aot

Jacobson, Delucchi, Bazouin et al.(2015)%} Jacobson, Delucchi, Cameron et
al.2015)2 ¥ 3} gkl A] 100%2 TAD o] AN 28-S oz Bas)
Stk o9 Aol m=w @A vIFe] FwAAN g 258 0] HPFH U
A vl Bed Ao Ushgth o gk JAdUAAAY Arl&EFS Hl=e THY
TRE 77 ol Y F v Rtk AUXAAE AH] o= m=Y FH
9508 565 SO TRY 5 Y= AT TR F2PHHY L TEMT o
A7dn7y F7tE ookt o] &2 E43HTh

O

—

Gillespie, Grieve, Sorrell(2015)= AMoLIA] 100% HAZA 28 Ao F& 2
Bl o] AT HYrae Hesds A st I=o AYA|2ElS

A
o
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Brick and Thernstrom(2016)2> Aol =|ol] F=2 &Sz DA 2HO A= FH
I B g A e FExdet FEF5 o] iEH R YEdtal 4331t

a8 AdE dyEs o3 JIRF w9y HiEE AR EVbFseith dEE,
Jacobson et al.(2015)°14 £4%F Ha oux] AR Fre vl ZF 71 o]
37.8 billion Tesla Powr Wall 2.0 home oA A% A|2=Hl =, 320 Power Wall®]
Tk R AR e} 5 Rt

oA TR 2 10718 e fHeEeR 7}%?3‘PE1 = = oy A=2.9)
75 43ﬁ—°ﬂ gsh= d¥e Xﬂ%%l{;tﬂ L yHE W, ol €2 9y
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i I BFolvA o] ERN o] mF =2 AHAIZHA = AUA] AA,
AR AR, ;o388 E /T sl E AR Fo| Fofaido] 2.
shot

=

Q8] ol W] ulFo] WS Folxu
ookttt Fe} Bl A} TR A
AT 2 23] FYYID B Yk 7
25 AES SIS AAE oo} Fe.
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>H3 g FAH =9 Eﬂﬁé&i
19v]| g8k Ut giEHe=w =

of wel 4= & nH HHE
AabE AEe apdE o] WE A AU

0% rlo ™

& Eol, Few et al.(2016)2 "= HHA~HS oz BASIA= AR

Ao) W mlgo] SRk meEt 3 B B AATE ke Ho ik Apekt
b 7kl Zlem EMsitt AEd qtRe] ouxAEAeh aud
(flexible F712s2t =91 5)& AR s|= AR TxMIFo] 60%7
HE ApgEo] WA oluA 9] %ol 2015 W= FHHGFae] 5%l i
=4t A A BRNF 80% A= MEA= RS el 2015 W=
TAHTR 12%= Sofual o] HlE2 AAeluA LHNIF 100%0M= 48%=
A FoldriaL oj5L 4k Sith
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SALE N=HAR gt AAUA e R A F4e A
= wol 2 = Atk IZA i AgAUA EAEF 60%1A4
HAlE AUA G FA

& A==Z AA QXWJ AAANAA EHHF 80%lA= v
o TR 5% ddehe AEEFS M okstal Ao HEFE 100%
ANAe WA okst= Ay o] FAZFS 3748% = oAl Hrh

Mai, Mulcahy, et al.2014)& AL 2] HEAN|Z 80%0l|A] 2015 m]=F Fube 2
o 6-9%¢°ll gk Aol WA oktial ZAEkRAh olH 42 U
A 8|8 200 GWSF &7 4% 8=8 183 Aot}

_V&

s AR AN Fo] B WHA LR E 2472 $4% SFo] BasiT),

AR HFo] & RE AU oAE AR HEA FAY3)
& {3 =Z4AE £33 g5& t&%‘o}ﬂ }‘E} ujzol Al AR HlFE&
80-:90%=2 E&l7] fslMe AR $HYANE 56~106% T SA3oFsthal Mai,

= &
Mulcahy, et al.(2014)= #2435kl Utk MacDonald et al.(2016)<2 20,000 "<
HVDC $d%e AAsA w=o HAY9S dAsordtta E4sidty. =3
Plebmann and Blechinger(2017)¢] EU A4 Aol m=2W EU A Y& AAsh= &
Aol 7t 20509744 4.5311% solyegittal #4sth ols X% &= 1t
B2oll& AR o A Hol] agh S A4 1
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Frew et al.(2016)%] #A1o W2 o= AAYgA| g]Z:z‘s]—l—_ Pk PN - KX
AR HHEZ 80%2] ARTE ZH|Lo] HAF 28] O Eon, A=A
LABF 20%2] 7-5-Eoh FH|go] 28H) U H& ZAOE ‘/]rE]r"LE} olzgt 44
e 2k EY el Bagh HES 1HsHA| &2 Zoltk & Aol WEW A
Aol A M S 100%S] ez ol A 282 A= L H]ZF 80%l Hl
sto] Al 2Hl FHEo] 2128 Wil B oW AR EHF 20%2] A-HoE A
A28l H]go] 3-8H) T H2 ZoE UERTH

_79_



Brick and Thernstrom(2016)°l] W2/, T4l AE|E o}, ZYof ojA A
NAA EHHF 80% 2] MHA2E FH|Go] AeiEHdS HHs] st 4%
o &}k 15-25“H O 52 202 eyt =3 & A7 AR TdnF
= 80%= 5= olkislera HiEH E2 70%° Edsitia B AT AeA
LAY ohe §]’ 53l 81-87%9] olitstea HiER 5ol TS o7 e
|Rbete =T e AgdUA ] F2 oS HE o B BlEe A3

O

ofgttt, wl=e] AUA| A KA (Energy Information Administration)] 71&%F B8

Zgshd QAR & MY V\E“ H-g0] 3240 Wi T w2 2102 E4FHAL

™ Xﬂ*goﬂ‘/‘];‘] AW &3 AR 18] M= AR ofE AHA| 2
710
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o] AT W= AR HF FUE
A odsle] AS-EY 1ev] Tt Bon,
Z S ARu= 325408 ¢

TR AeA Al Aoy CCSE &85t gedo] wet A=
H-83 712 WSS FUIFoE 2d F ds 7/i°1E‘r

olFel AAAHA 1HF oA AuEl el 742 Sste, g7 A 7]

A 55 A (DA, biomass, CCSH-2F 3HA87) o] &-go] HEtao] e v&

" g
avb o sk AUH tigte] Brke UL & % Utk

oA7|A ARG 30719 EEA AFEY FolA AeA Z]AFESE ERdd dAE,
biomass, T4, CCS & A &4 7|AFEs YHYS FRDHYPOZ 73R &2
TEHL @A )0l BEHSIALE & T E olE AeA: 7|AFS LS &
B oA APdel wiAlsta £ XPsiint HlE A4S 2P o) geto] &
7V 71AESE BHYE A F

ol FAFoR AR a3} A
* de Sisternes, Jenkins, Botterud(2016)7} =343t M FF H|-8F 43} Ao w
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2, o] olusieks WEFL 0% AEAI] AsiAE AAEe) A
H1 o] 52-68%(N1X A Arle] 7hg o] aeho] o] 2t o

o HlI AMEAYGSE OIFoE B35 Mileva et al.2016)S] Aol w2 o]4ks}
g2 WETE 19909 FE9 86%E A= HdlAe 71A e e
AujFo] 483%E FASoks AR YEth =3k dAEe =9s 583t

o
H=
© A57F 2%A &2 Aol viste] FHHAZE Hgo] 28% Eol== A

°.2 YERST

* Gillespie, Grieve, Sorrell(2015)¢} Brick and Thernstrom(2016)2] ol w2t
geha HARE AYA 2] IS AdlMe dAHI CCsel WHR|Fo]
&3] Eolokste A2 YEsth EEkA MYAZES HlgadHor S5

7] FAAE ks @ Avd waddel 3] BERbAsItE He =

SN ST, B 2 BB AL TEE HH A4 F, 0
FoIUIA, biomass, VA, COSHE SAA o5 BT/l FRF GTL FIshof

[ex]
= o® Yt wet olg A oA ol shzhE Ao WA= AY
sgo] ATATGY Debro] Fubls NS 2718 Aol TAHCR Avny,
AR} AR o] Bgol Aokl TSR 210087K] Deka wlgo] 30%
Fheta, vlol 2ol o] B8 Aloko] F71EE 200%, <17]0] CCSe] B& Aefo] T
2719 300% 717 E7hete ASw Uitk
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