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B 2 EAAA 7|8 Bshf|(2015~20173 7153k

iy B FUELFTFY

7] 1 2 3 4 1 2 3 4
1/ | 1.013 0.867 0.912 0.963 | 0.986 0.854 0.897 0.921
24 1 0971 0.834 0.875 0.924 | 0.944 0.819 0.859 0.882
34 | 0.949 0.817 0.854 0.903 | 0.919 0.800 0.835 0.860
47 1 0.943 0.811 0.842 0.897 | 0.909 0.790 0.820 0.850
54 | 0.955 0.817 0.843 0.908 | 0.914 0.793 0.816 0.854
641 | 0.981 0.836 0.858 0.934 | 0.925 0.801 0.819 0.869
74 | 1.023 0.881 0.904 0.979 | 0.934 0.817 0.835 0.882
841 | 1.085 0.938 0.980 1.041 | 0.932 0.825 0.859 0.888
94 | 1.181 1.014 1.086 1.130 | 0.940 0.846 0.901 0.904
10A] | 1.215 1.047 1.149 1.158 | 0.938 0.864 0.941 0.911
114 | 1.210 1.056 1.175 1.156 | 0.945 0.877 0.971 0.919
124] | 1.191 1.054 1.184 1.141 | 0.937 0.878 0.983 0.914
134 | 1.111 1.000 1.137 1.071 | 0.907 0.857 0.972 0.888
144 | 1.150 1.052 1.190 1.118 | 0.914 0.876 0.992 0.901
154 | 1.159 1.071 1.211 1.134 | 0.912 0.882 0.997 0.905
164 | 1.153 1.069 1.206 1.135 | 0.910 0.879 0.993 0.906
174 | 1.162 1.072 1.207 1.150 | 0.917 0.879 0.991 0.915
184 | 1.159 1.056 1.186 1.153 | 0.932 0.875 0.983 0.932
194 | 1.160 1.041 1.161 1.144 | 0.961 0.882 0.988 0.950
204 | 1.144 1.042 1.152 1.116 | 0.967 0.899 0.999 0.946
214 | 1.112 1.028 1.125 1.085 | 0.963 0.907 0.996 0.938
224 | 1.086 0.998 1.078 1.057 | 0.960 0.894 0.969 0.930
234 | 1.083 0.970 1.028 1.044 | 0.978 0.881 0.935 0.933
242 | 1.098 0.954 0.998 1.049 | 0.992 0.862 0.905 0.933
Ag AEAH L A5 7|6 AT
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7 3 2718 HYY, 33 o] &E5(2015~2017d 7H5Ew3)

(E%1:%)
iy 2 R 9
7] 1 2 3 4 1 2 3 4
14 0.0% 0.0% 0.0% 0.0% |30.3% 185% 13.4% 25.1%
24 0.0% 0.0% 0.0% 0.0% |30.6% 18.7% 13.6% 25.5%
341 0.0% 0.0% 0.0% 0.0% |30.8% 18.6% 135% 25.8%
44 0.0% 0.0% 0.0% 0.0% |30.9% 18.4% 135% 25.9%
541 0.0% 0.0% 0.0% 0.0% |30.4% 17.9% 13.6% 26.0%
641 0.0% 0.2% 0.0% 0.0% |30.0% 17.6% 13.6% 25.7%
7A 01% 3.9% 1.8% 0.0% |29.4% 16.6% 13.2% 25.1%
8l 21% 144% 9.8% 2.2% | 28.3% 15.0% 12.6% 24.4%
9Al | 12.3% 28.7% 22.2% 12.0% | 27.2% 13.9% 12.2% 23.3%
10A] | 28.8% 41.7% 33.8% 26.3% | 28.6% 15.6% 11.8% 23.5%
114 | 42.9% 51.0% 42.2% 37.4% |281% 15.6% 11.6% 23.1%
124 | 51.7% 56.4% 47.2% 43.7% | 28.1% 15.9% 11.7% 23.2%
134 | 55.2% 57.9% 48.8% 45.0% |271% 15.3% 11.9% 22.7%
147 | 53.8% 55.8% 47.3% 41.9% |27.0% 16.1% 14.3% 23.0%
1541 | 47.7% 50.3% 42.8% 34.6% |27.7% 16.7% 14.7% 23.7%
1641 | 36.2% 41.4% 35.2% 22.6% |281% 17.0% 13.9% 24.0%
174 | 20.0% 29.4% 24.7% 8.3% |28.8% 17.2% 12.5% 24.4%
184 | 55% 15.5% 12.6% 1.0% |28.8% 17.2% 11.6% 24.7%
194 | 0.3% 45% 3.5% 0.5% |293% 17.1% 11.8% 26.9%
204 | 0.0% 0.3% 05% 05% |29.9% 17.9% 12.5% 27.2%
214 | 0.0% 0.1% 0.4% 0.4% |30.3% 185% 13.1% 27.1%
224 | 0.0% 0.1% 0.3% 0.3% |30.0% 18.8% 12.8% 25.6%
234 | 0.0% 0.1% 02% 0.2% |29.6% 185% 12.8% 24.8%
244 | 0.0% 0.0% 0.0% 01% |29.8% 185% 13.2% 24.8%
Agr AEAYA A5 76 AFA
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2 4 2718 HYE, 8 A ©5E(2015~20173 715 E+3)
(E%1:%)
iy 2 R 9
7] 1 2 3 4 1 2 3 4
14 0.0% 0.0% 0.0% 0.0% | 21% 15% 1.3% 1.9%
24 0.0% 0.0% 0.0% 0.0% | 20% 1.7% 1.4% 1.9%
341 0.0% 0.0% 0.0% 0.0% | 20% 1.7% 1.2% 1.9%
44 0.0% 0.0% 0.0% 0.0% | 20% 18% 1.2% 1.9%
541 0.0% 0.0% 0.0% 0.0% | 21% 18% 13% 1.8%
641 0.0% 02% 0.0% 0.0% | 21% 1.8% 1.4% 1.8%
7A 0.0% 3.7% 1.7% 0.0% | 21% 2.0% 1.2% 1.9%
8l 21% 105% 8.1% 21% | 2.1% 23% 1.3% 2.0%
941 | 10.2% 14.3% 123% 9.9% | 24% 2.1% 1.5% 2.3%
104 | 16.5% 12.9% 11.6% 143% | 25% 25% 1.2% 2.2%
1A | 14.1% 9.4% 8.4% 111% | 1.9% 16% 1.3% 2.0%
124 | 88% 5.6% 5.1% 6.5% | 1.9% 16% 1.2% 1.9%
134 | 39% 2.6% 2.3% 23% | 25% 1.8% 1.2% 2.3%
144 | 25% 2.9% 23% 3.6% | 21% 22% 2.8% 1.9%
154 | 6.2% 5.7% 4.6% 7.3% | 1.8% 15% 1.2% 1.6%
164 | 11.5% 8.9% 7.6% 120% | 16% 16% 1.6% 1.6%
174 | 16.2% 12.0% 105% 142% | 1.8% 1.8% 1.9% 1.8%
184 | 14.5% 13.9% 121% 7.4% | 19% 16% 1.6% 2.0%
194 | 5.2% 11.0% 9.1% 0.7% | 21% 1.7% 15% 3.1%
204 | 0.3% 4.2% 3.0% 01% | 21% 1.8% 14% 19%
214 | 0.0% 0.3% 02% 01% | 1.9% 1.7% 14% 19%
224 | 0.0% 0.0% 01% 02% | 2.0% 1.7% 14% 25%
234 | 0.0% 0.0% 01% 01% | 2.1% 1.7% 14% 21%
244 | 0.0% 0.0% 01% 01% | 2.2% 1.6% 14% 2.0%
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5 ¥R 0] &E(2015~2017'd 7HEE )

(E$1:%)

iy B e

7] 1 2 3 4 1 2 3 4
17 | 78.6% 77.2% 74.6% 69.3% |78.7% 77.4% 74.4% 69.9%
2A | 78.6% T7.2% T4.6% 69.3% | 78.7% T7.4% T4.4% 69.9%
3A | 78.6% 77.3% T74.6% 69.3% | 78.7% T7.4% T4.4% 69.9%
47 | 78.6% T7.2% T4.6% 69.3% | 78.7% T7.4% T44% 70.0%
5A1 | 78.6% 77.2% T74.6% 69.3% | 78.7% 77.4% T74.4% 70.0%
6A | 78.6% T77.2% T4.6% 69.3% | 78.7% T7.4% T45% 70.0%
TA | 785% T7.2% T4.6% 69.3% | 78.7% T7.4% T45% 69.9%
8Al | 785% 77.2% T74.6% 69.3% | 78.7% 77.5% T745% 69.9%
9Al | 785% T77.2% T4.6% 69.3% | 78.7% T7.5% T45% 69.9%
10A] | 78.5% 77.2% 74.6% 69.3% |78.7% 77.5% 745% 69.9%
114 | 78.5% 77.2% 74.6% 69.3% |78.7% 77.5% 74.5% 69.9%
124 | 78.5% 77.2% 74.6% 69.3% |78.7% 77.5% 74.5% 69.9%
1341 | 78.4% 77.1% 745% 69.1% |78.7% T77.5% 74.5% 69.9%
144 | 78.1% 76.9% 74.3% 69.0% |78.7% T77.4% 745% 69.9%
1541 | 78.1% 76.8% 74.2% 69.0% |78.7% T77.4% 745% 69.9%
164 | 78.0% 76.7% 74.1% 68.9% |78.7% T7.4% 745% 69.9%
174 | 78.0% 76.7% 74.1% 68.9% |78.7% T7.4% 745% 69.9%
184 | 78.0% 76.7% 74.0% 68.9% |78.8% T77.4% 745% 69.9%
194 | 78.0% 76.7% 74.0% 68.9% |78.8% T77.4% 74.6% 69.9%
204 | 78.1% 76.8% 74.0% 69.0% | 78.8% 77.4% 74.6% 69.9%
214 | 78.2% 76.9% 74.2% 69.1% |78.7% 775% 74.6% 69.9%
22X | 78.3% 77.0% 74.3% 69.1% |78.7% 775% 74.6% 69.9%
23X | 78.4% 77.1% T4.4% 69.2% | 78.8% 775% T4.6% 69.9%
24X | 785% 77.2% T4.4% 69.2% | 78.8% 775% 74.6% 69.9%
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I 6 Mt A 0] 85(2015~2017'd 753

(E$1:%)

iy B e

7] 1 2 3 4 1 2 3 4
17 | 82.1% 71.5% 80.8% 73.2% |82.0% 70.2% 79.6% 73.8%
27 | 82.0% 71.5% 80.9% 73.2% |82.0% 70.2% 79.6% 73.8%
3741 | 82.0% 71.6% 80.9% 73.2% |82.0% 70.2% 79.6% 73.8%
47 1 821% 71.6% 80.9% 73.2% |82.0% 70.2% 79.6% 73.8%
54 | 82.1% 71.6% 80.9% 73.3% |82.0% 70.2% 79.6% 73.8%
641 | 82.1% 71.6% 81.0% 73.2% |82.0% 70.2% 79.7% 73.8%
7A 1 82.0% 71.5% 81.1% 73.2% |82.0% 70.1% 79.8% 73.9%
8Al | 82.0% 71.4% 81.2% 73.2% |81.9% 70.1% 80.0% 74.0%
97 | 82.0% 71.4% 81.3% 73.2% |81.9% 70.1% 80.1% 74.0%
104 | 82.0% 71.3% 81.4% 73.1% |81.9% 70.1% 80.0% 74.0%
114 | 81.9% 71.2% 81.4% 73.1% |81.8% 70.1% 80.1% 74.0%
124 | 81.9% 71.2% 81.4% 73.2% |81.9% 70.1% 80.1% 74.0%
134 | 81.9% 71.1% 81.3% 73.1% |81.9% 70.2% 80.0% 74.0%
144 | 81.9% 71.1% 81.5% 73.2% |81.8% 70.3% 80.1% 74.0%
154 | 81.9% 71.2% 81.5% 73.2% |81.9% 70.4% 80.1% 74.1%
164 | 81.9% 71.2% 81.6% 73.2% |82.0% 70.5% 80.2% 74.1%
174 | 81.9% 71.3% 81.7% 73.2% | 82.0% 70.6% 80.3% 74.2%
184 | 82.1% 71.4% 81.6% 73.3% |82.0% 70.7% 80.3% 74.2%
194 | 82.1% 71.5% 81.5% 73.4% |82.1% 70.7% 80.3% 74.3%
204 | 82.1% 71.6% 81.5% 73.4% |82.1% 70.8% 80.3% 74.3%
214 | 82.1% 71.7% 81.4% 735% |82.1% 70.7% 80.3% 74.3%
224 | 82.1% 71.7% 81.2% 735% |82.2% 70.8% 80.3% 74.3%
234 | 82.1% 71.6% 81.1% 73.4% |82.3% 70.7% 80.2% 74.2%
2474 | 82.0% 71.5% 80.8% 73.3% |82.2% 70.8% 80.0% 74.0%
g AYAYRA Am 7N A4
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b vl= 25%, 30%, 35%, 40% Auvgled=z 2 1.0%
4.4%, 11.0%, 21.5%=% FA443E FREFITTAHI T AL E
2019).

25% +
21.5%
20% -+
15%
11.0%

10%
| 4.4%

-
0% - t f "

25 30 35 40

I 8 fajutet 2040d EFAISHSF o581 (%, 1At HEd 715
AFE: 32k YA 7| A E E23](2019.2.26.) AEH

% = ZeAeep] sl 417

E L IEEA = I A
Uze dEsta, AveeHs 20304
2

AAANAR 2} 22 HEFA A9 (variable generation, VG) ¢
b =43 ##Este] Ela and O Malley (2012) &= AJ7bo] whz}
Ao WA gko] I EAS W EA (variability) &2 Qo5

w, olefdt Ao BAZF AAVE EEEA d5H7] oY SHS
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53214 (uncertainty) &2 g 23l3ith T3k Ela et al.(2013)¢
Ne WAy B4l BEF oekst AIZEA g E (time

resolution) ol wh
)

g s BAE] WEel o5 tgaty] 9@
$A4 A9 oA

Aol ehal QA AT,

Uncertainty

Variability
25000 A 2500 + —— PV Actual
PV Forecasted

20000 - 2000 4 1

15000 4 + 1500 1
2 %
s 2 =

10000 1 1000 -

——Wind Actual
5000 -+ Forecasted Wind 500 -
0 T T T T T T T 1 0 T T
0 8 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Hours Hours

I 9 AR e B 22dd(Ela et al., 2013)
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100 -

r 1 v
90 - fealiy. LTI,

‘ ¢
,
\ ~ ronlv

80 - s

70*\"1\ T+

60 -

Power (MW) 50 -

40 -

= = Actual Wind
30 = Forecasted Wind
(schedule)
20 | - Average Wind
10
0 T T T T
12:00:00 12:05:00 12:10:00 12:15:00 12:20:00

13 10 39 2Rv|2RY Hed 3 2244 oAl(Ela et al., 2013)

gz 7hEe Ho HdZF (A A3 Argter WEsks A
A LAZ (I )3 Aol 2REH HEds g0 ¢ Qv 1
H 1004 FR1EE= nvkel Zo], WsAdS AR e afe
A 54S 7o r Azt wet g5 2Ql W3kE (stochastic
process)E HolH, FA7F E7s3s M (random error)©]t). HE

d, 2 AA ERHES A e Y FEHEs A3
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4 244 1,500MW 2 d7]edeu (@A 2 S 7z
@)

Z+7F 1,000MW % 1,500MW) <= 94 Q7ZFo= Rkgsisl
t}.
| e i
SFoj[H[E 1}

<Py

. - okl o

= H] 3 oHo| opy | (20~1202 .

Hl a H7 1. CHA| ol =op| @000
g z o g'“ 2 49 of|H| 24 ~1,500MW)

S | 2 Hl 5 ofgj2d  |@sooMw)| SEEE | o

= = H o (4,000HW) (10 Wﬁﬁ-‘

@ B ol T 5 oo
© e R R ETE] " 060Mm

(1,500MW) g
Z o &= 2 (B)

5 11 ofju e Ag(deE, 2017)

AT A dAFe] 5] Az R ojd Y, APAHL
(2018b)ellA] HESH =8 Fo7]# Ex J5ox=2 W9 el
A HEGS AE3 digR el oshd o
S 9} Ad o]F #ZA 9 AolF VNIOE  JF A= H A

2 ke A HAEe 5~15% oW, FYo A%
8.4~19%<%1 Aoz &AHUAT. 7] APl HA Hsgdrt= A
2atu FeArt 0% AFE §A nestel Azl el
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7t g e 74
AT A S vlFH A oS expEo] wEk 12709 +

AU s AT 82 dEegEAEe] AAE 20304
20% 9 A3AF AUAZIZA R Aarckell A Exst 2040d Aol
U HlE 20%~40%% AV 2 gaksity. 20409 20~40%
AgATA gde] we ArAY F4= HeA 83 FEAEY
2030 A4d An] AFeA #HI|E, FATEA, slgelvA], e
7}~ 8584 (integrated gasification combined cycle, IGCC)

o

|

1A

flo

ALy A el A AR Fatell whE 2o AvE
Fe FAT 7 THAE o] FES 8k AFA 2030d A&
Adule] ol gES S
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= 8 AYOIIA] ShA o] npe FALE U HAs|ojw

(H9):MW)

AlZ1483020 AlZ1A4020 14784030 A1A784040

TE g [ w3 | 34 [ 92 | #94 | wma | 33 | ==
8% | e | 8% | Jlelm | 8% | Jlel= | 8% | Jol=

BjeRd | 36,543 | 5,701 | 35701 | 5,569 | 58,302 | 9,095 | 80,904 | 12,621

%9 | 17,698 336 | 17,290 329 | 28,237 536 | 39,183 744
T4 2,105 591 | 2,070 582 | 3,380 950 | 4,691 1,318

vlole | 1,705 498 | 1,697 495 | 2,771 809 | 3,845 1,123

A7 = 323 78 323 78 323 78 323 78

s | 1,377 | 1,040 | 1,377 | 1,040 | 1,377 | 1,040 | 1,377 1,040

Az 746 548 746 548 | 1,218 895 | 1,690 1,242

o 255 3 255 3 255 3 255 3

ol

IGCC 746 448 746 448 746 448 746 448

A | 61,498 | 9,243 | 60,205 | 9,092 | 96,609 | 13,854 | 133014 | 18,617

A 20304 83 AHSHAY U AIE D IS £ J1F, 204098 Dl

NEoZE ATFA

AluE] 2.2 7}g gt
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9 WY dF Ak 3 AU A] BIEE Alde gt

gk o5 A& PV HSE, W £3)
5 &
PV 0%, W 0% PV 5%, W 10% PV 10%, W 15%
Cas0_1

A | 3020 Case 1_1 o Case 2_1
A UlF AlyE )

o | 4020 Case 1_2 Case 0_2 Case 2_2
e

A | 4030 Case 1_3 Case 0_3 Case 2_3
H]

= | 4040 Case 1_4 Case 0_4 Case 2_4

T BHAF oS eAE VINte R g J|E AY
2] 291 Case O_1°l w29 20309 APelu=] 2= 88,473GWh
°] 45%%1 3,956GWhe] <Jojxgo] HAsqict. Joldge F=
Fodo wA¥sl, AP 715 187 67GWhE 718 @i, 2857
o] 48GWh, 4%7]el 15GWh, 3%7]elE= 1GWh7F wHAskel o,

Folei= 28710 Fit 2GWhek WAt ol FAA9 A
e7b Ao e g Aol BAFe 5 2ol

=4 x4
w7ket7] Mol o5 xyste dgIywol AA solur] wWE
ojtt. 2040 AAAUA EHW TS 20% % A= 3 (Case
0_2), Yoz g Al thn] 0.52% F8e 13 om, 1%
719F 23271 el 72 6GWh 2 9GWh 28Tt 2040 Al
Aollu#] WSS 30%% Fthshs d=(Case 0_3) M= A
Aol gk tin] Joidy LAy 16.6%7H4 et 7]
= AluE] oot Joidy A " FAkskY, 3E7] Fdel A

&
'Ol Buf w48 Srlsks As & ¢ Stk HdY Arelx 4



w712 Aleeta BBl LMt 20408 AR
o] 40%744) FTjE = AR (Case 0_4)olAE Aol
14.49%744 ol Ae Ao Frekn, RE Br]o B B F

A goldelo] MAFA Art.

neE
(T
ok I
1o ofy

e

70.0
60.0
L0.0
40.0

30.0

20,0
10.0 e
m_ B = il B _

Case Case Case Case Case Case Case Case Case Case Case Case
01 02 03 04 11 12 12 14 21 22 223 24

Case 0 Case 1l Case 2

03 13 Ajueled AAelUR] WAl chu] ool R ul e (Thel:%)

FF 9 FYol e BAF ASeAE nEshA e Al
el 2 oA 2030 20%2] AAUA wHNF HxE PAshe
74 (Case 1_1), 2030 AU 2 oinv] 1.7%°9 YoId
go] B, Jojdge F2 1879 2879 FUel 2k
o, He 1871l 28GWh, 27l 22GWh7} A8t o=
eAE aEskA ¢ka 2040d AU A B HTE 20%%
frAsthe A5 (Case 1.2), Joideze 79 B4 de 212

2 ek 20409 AR LAEES 30%E FEs A

-39 - S B8 i)



Z(Case 1.3)eA= AANIA BA=Fe] 7.8%7H4 Foide &
Aol Fret e, A 1279 22719 Fd AFE LA
oF 2040 AN AA] EEARFE 40%7H4] gets A & (Case
1_) o= AT A BHee 27.4%7H7] Jojdg wgse] 5
ojubr], 7]% Aug| et ri AR BE #7190 Y W FUolA
Jojr o] ATt

g 9 FHe| digk dAge] CFeas: 247 10% 4
15%% 7143 Aol 2030de] 20%2 AglTA LHnF =
3 29 Aldg 2 (Case 2_1) 1A 2030 Aol =] 2A=E o
9.0%2 oAz o] AT JAHYE L FE 1279 2879
Fdol @Aste, 187]e 3t 116GWh, 22719 3+ 89GWh7}t
BT FUS F Al shellA] 2040 AR EHEF v
S 20%% FASHE S (Case 2.2), Joddze AP A
BAF] 1.79% W SAEE 2o vERgTh 20409 Al
A AR FE 30%% Foshe = (Case 2_3) A= AAAUA
ek e Jojdy Wy 26.76%7H4 Frketd o, 94 1
19 28719 Fd 52 BAsHATE 20403 AP A &
AUFS 40%7H4) Fste A2 (Case 2_4) M= 20409 71+
AAANAA ] 57.65%7HA FolxE wdARre] solubwA

AR e ARk o] o] AREEA] Xdl= el o] 2t

Moo
N
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2 10 Ajye|ed Joid 2449
AE RS o™ 3
At GWh] GWhl [GWh]
LIz ol L 7 7] AE R H)&
[GWh] | = A | T A | | A= | (%]
<Case 0_1(3020, o5k g 5%, 53 10%)>
277 - - 67 1,873 | 24936 | 1,873 7.51
259 2 105 48 1,434 | 23608 | 1,539 6.52
209 - - 1 26 19,188 26 0.14
225 - - 15 517 | 20,740 517 2.49
105 3851 | 88473 | 3956 4.47
<Case 0_2(4020, ook g 5%, 54 10%)>
274 - - 6 178 | 24654 178 0.72
256 - - 9 277 | 23341 277 1.19
206 - - - - 18971 - -
223 - - - - 20,505 - -
- 456 | 87471 456 0.52
<Case 0_3(4030, o5k g 5%, 53 10%)>
447 47 2907 | 226 | 6341 | 40262 | 9248 | 2297
419 42 2568 200 | 6002 | 38117 | 8570 | 2248
337 9 556 49 1,370 | 30981 | 1,92 6.22
364 - - 117 | 391 | 33487 | 3991 | 11.92
6,030 17,705 | 142,847 | 23735 | 16.62
<Case 0_4(4040, o5k Bk 5%, 53 10%)>
621 299 | 18552 | 409 | 11443 | 55870 | 29995 | 53.69
581 288 | 17586 | 424 | 12707 | 52894 | 30,293 | 57.27
467 80 5114 | 201 5635 | 42991 | 10,749 | 25.00
505 124 | 7184 | 200 | 9845 | 46468 | 17,029 | 36.65
48,435 39,630 | 198,223 | 88,066 | 44.43
<Case 1.1(3020, 522k Bl 0%, ¥ 0%)>
277 - - 28 775 | 24936 775 3.11
259 - - 22 649 | 23608 649 2.75
209 - - - - 19,188 - -
225 - - 3 97 20,740 97 0.47
— 1522 | 88473 | 1522 1.72
<Case 124020, o522k HFF 0%, 32 0%)>
274 - - - - 24,654 - -
256 - - 0 3 23,341 3 0.01
206 - - - - 18971 - -
- 4'] -

2 A28k




4571 | 223 - - - - 20,505 - -
A - 3 87471 3 0.00
<Case 1.3(4030, o522k HFF 0%, 42 0%)>
187 | 447 5 292 137 | 3838 [ 40262 | 4,130 | 1026
287 | 419 17 1,024 115 3438 | 38117 | 4462 | 11.71
37| 337 - - 25 699 | 30981 699 2.25
4%-71 | 364 — — 54 1,851 | 33487 | 1,851 5.53
A 1,316 0826 | 142847 | 11,142 | 7.80
<Case 1.4(4040, o522k HFF 0%, %2 0%)>
17| 621 164 | 10169 | 336 | 9421 | 55870 | 19590 | 35.06
287 | 581 157 | 9607 | 325 9748 | 52894 | 19355 | 36.59
3% | 467 44 2,840 120 | 3364 | 42991 | 6205 | 14.43
4571 | 505 R71 1,951 212 | 7194 | 46468 | 9145 | 19.68
A 24,567 20727 | 198223 | 54,295 | 27.39
<Case 2_1(3020, o5k Bk 10%, $2 15%)>
1271 | 277 - - 116 | 3257 | 24936 | 3257 | 1306
287 | 259 10 607 89 2673 | 23608 | 3280 | 1389
37| 209 - - 9 243 | 19,188 243 1.27
4871 | 225 - - R7} 1,170 | 20740 | 1,170 5.64
A 607 7343 | 88473 | 7.950 8.99
<Case 2_2(4020, o5k Bl 10%, 32 15%)>
127 | 274 — - % 720 | 24654 720 2.92
287 | 256 - - 2% 786 | 23341 786 3.37
37| 206 - - - - 18971 - —
4571 | 223 - - 2 57 20,505 57 0.28
A - 1,563 | 87471 | 1,563 1.79
<Case 2_3(4030, o5k Bk 10%, $2 15%)>
127] | M7 118 7286 | 279 7802 | 40262 | 15088 | 37.48
2871 | 419 93 5,703 2683 8032 | 38117 | 13735 | 36.03
387 | 337 20 1,252 74 2062 | 30981 | 3314 | 1070
4%7) | 364 5 273 171 5815 | 33487 | 6087 | 1818

Al 14,514 23711 | 142847 | 38225 | 26.76
<Case 2_4(4040, o5k ok 10%, 32 15%)>
1871 | 621 371 | 23012 | 435 | 12178 | 55870 | 35190 | 62.99
287 | 581 302 | 23905 | 477 | 14301 | 52894 | 38206 | 72.23
3% | 467 150 | 9591 284 | 7953 | 42991 | 17545 | 4081
457 | 505 214 | 12404 | 321 | 10925 | 46468 | 23330 | 50.21
7 68,912 45,358 | 198,223 | 114,270 | 57.65
- a2 - 1 ,«H ‘?’T” ol



A 4 A AYAE 94 QYO EA CCU 7|&¢ AE

1. CCU 71& /e

CCU 7= AA COE v B4R Agdad glo] I =
&-8-3t+= vl A3 (non—conversion) 71&%, 384 - AESHA W
= sl ouA, FetAE 9 AFAA FoE FAEHE
(conversion) 7|&=Z Fwdrt. HHdE V&S AdFIFSHH
(Enhanced Oil Recovery, CO;—EOR), 7}A 3|55 %1 5 (Enhanced
Gas Recovery, CO,—EGR), A &t% dg 35 535 (Enhanced
Coal Bed Methane, CO,—ECBM) & °lUAFZS Fxst7] flst
CO, 8713 2AA COy, THAAH (Supercritical CO, power
cycles) % QFAFZ ALAAAH(EGS geothermal system) ol 4]
o] FAZE COx 870l Aot} o] COx 82
ks, A3 7R WA, Hldekes Aw AASE S T
o7 &g 7bestth(Hendriks et al., 2013).

v g Ve 3 9 AR oA siEE COE A
3 & vkt i, steEd AlgoR FAes VIEolth Wi
9 sEEA AFoZE= AEd, 1A, JhubHol B gL 5]
Rom, el A5 =42 vlojetA, o]l ok 52 uh

A

29 FAZs, AR, FHAAAE, T, E

’

olt
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R

conversion non-conversion
feedstock energy solvents working fluid
Urea yield boosfing Biofuels Enhanced oilrecovery  En.geothermal
Polymers Syngas/methane (EOR) systems (EGS)
Carbamates Formic acid En.gas recovery (EGR)  sypercritical CO,
. Enhanced coal bed power cycles
Carbonates (i.e. Renewable methane (ECBM)
mineralization) methanol

I 14 CCU 7]& #5(Hendriks et al., 2013)

COs BATZ 4 9 e BAZ oux nEyy 24
oA thE BAZ ABs] AL Su) 9tk ouX7h
23kt COE SNARe WAL UAE BT Az

AFH0w b e uA dHe 54 A Q7] wRelth
web FeluAE Axstete 249 BE ANS B9 AF
A7k BEEDE Folt BFOE JLNLE FA FolT(HA

2], 2013).

7}. FL= CCU 7)€ 83}
CCU 7L 8uets nx3t 53,

= [e) [e)
WA A B G20R FEE ArHel 7%

Adet 5 5
e 33 B Uk 59 03 W FY MRS AAY AL
@ v Fol e,
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ul=r ol| A F-(DOE) = 7eEds Fxsh7] 93t Wetez o
B

=AY ] section 45QelA CCU 7]l tfgh A4 <14l

o

&S vhEste] 2018 $17/tCOE Al&o® $35/tCO.7HA &
& HESUTFAEAGHG, 2018). o]8olx CO, 7Rt Y ARE
A Aol A] 2] =& 34 &= (Renewable Fuel Standard, RFS) ¢S
A AAQBATR QY (Zakkour, 2019) 3 w} glom, Az Eo}
FolME COEZHE A4¥ DMES x3Fdaz #wjE sgals
o] B8 T e Rygg A% AxE FAstE vrta 9l
=3

Minimum size of eligible carbon capture plant by type Relevant level of tax creditin a given operational year
(ko) (USDACO,)
Other L
industtial Direct air S 3 N ﬁ H ﬁ H ﬁ 8
Power plant facility capture 8 ﬁ 8 ﬁ 8 8 8 8 8 3
§  Dedicated
S geological 500 100 100 28 31 34 36 39 42 45 47 50
2 storage 'g
‘g X
=
e - 100 100 17 19 22 24 26 28 31 33 35 =
8 via EOR 3
5 Cther E
& utilisation 25 25 25 17219 22 24 OGRIHEEEE
b% processes’

! each CO; source cannot be greater than 500 ktCOyyr 2 Any credit will anly applyto the portion of the converted CO; thatcan be
shown to reduce overall emissions

5 15 0]= viEAE CCUS 71a NA3Al A1 H(IEAGHG, 2018)

CCU 7l /Wi 53] FoM Aoz 530 T 3o,
I FellAE 5do] M AsAoR Ve e 1 T

o 595 20509@7HA] A7~ wiEF UiY] 80% HEEXE

=
32

5) https://www.greencarcongress.com/2015/02/20150227-dme.html
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FAFY] (Industry 4.0)
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(Mennicken et al., 2016).
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2 11 5% CCU(Power to X) 7|& 7|8t 2o} HAAH

oA | gz | omz | AT | as | ae
BE O QAANE | FL GJ/t Al jﬂif A | A
: 3 . M ;
PJ TIMiom® | tCO/TT | o tCO; | TWh
A5 2}
s 709 42.28 73.1 17 52 503
A5 2}
N 518 42.69 74 12 38 367
Eg
o D]j%]% 876 42.69 74 21 65 621
TS e
. 14 42.69 74 0 1 10
g 389 42.80 73.3 9 29 276
e
g 11 42.69 74 0.3 1 8
P HA7 A 1,455 12.96 55.9 112 81| 1,085
1‘/_}&01—
s 641 42.37 74.02 15 47 454
s 45 42.37 74.02 1 3 32
sls}
Ao | 7R 776 12.96 55.9 60 43 579
5}t 8 437 44 62.3 10 27 310
Ay _
o | Aana 121 12.96 55.9 9 7 90
o B\

Zt&: Jens and Bothe(2018)

EUE CCU 7]&Eolld AatEs A8 Adoux=z s,
ETS 47](2020~2030) R&DAAE &3t vF vk EU A3
3l AgFFE =Y SET-PlanellA 2030 CCU 7% FAiks 913l 8
o ATHA(R&D wobs A8t AR o]
2030 7HA g3 R ZYE S BEE 2 o g

(IEAGHG, 2018).
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CCU 7l% R&DE FH&gtth. o) FFoAM = A4zt #8747
EAE(2018~2022) oA CCU 7ol FHF7eR AH AL
o, 71374 g ZEW(CTR)ANANE Fo 2471 A AE74=
CCU 71%&S AAsdt olegfst R&DE 7uto 7 $-guet &47}

A 7= 23 (NDC) ¢! 2030 BAU o] 37% 7F=HEer = CC

(-

s EFste] CCUS 7|s2 10.39% & 45 7|
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2. #94 A¥F 715 CCU 7+« HE

7} ulAZF 7% BECCU 71«

s elel A 27t AZE Sle s AR tAE vlo] owjs
g H7F AA FoiEojrka gtk oju] 7]Ee] 1A ulo] ow)
AR HEA wpo] 2w el 24t vlo] @ uf ARl FA A Hio] @
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of wlolemado R whe] WY Yago] & wHERFIF FH
3 Wt nAEY AdF

el COE st

>
i
i
do
=

o). MAERE FHY 48

of

oX,
G
s
T
olo
N
—
ige!
=
(@]
S
o
g.
(@]
-
™
o
o
e
o
o
gv!
us)
=
N
iul
>
[-‘O
=)

(ot
N o
o4

=K

N

N

i3

olrt
-
)

o>,

N

)

o

=)
N

atll

o



o
=
=
ot
=
o
i,
=)
X,
EN
u
=)
o
o
2
[>
i
¥
fo
i)
o Ay
an
a0
o,
2
_olh

v
ol
ofy
ko
<
jn
o
rlr
o,
oft
okl
o
et
=2
2
=2
°
D)
D
R
N
=4
=
o
H
N

M
o
=
=
o
o
=
[

[nt

)

o
ol
rlr
o
[
rlr
Ry
ofo
flo
=Y
—_&4
=
o
o
=

N

AAE FA4 20730%5 AA e Aoz 4 drh(Suali and
Sarbatly (2012) % Grima et al.(2003), A% £(2013) #I<!
£).

71E dvA ok e AER
AxF dAmst 7€ dto® 3t g4 9 Axvs F3 w4
Z5F AtelemiAEs ARt & F Qe vAHERF 1A dss) Vs
o] H T Wi 9t} ol wet V& Jhe

d 7es AR AfEL S

o,
K-
=
<
o
o\
&
T

Transesterification
. : / Biodiesel
_,|  Biochemical L ( )
conversion 5 Fermentation

(Ethanol)

. Thermochgmical ) Gasification
conversion i (syngas)

Pyrolysis
(Bio-oil, Bio-char)

[Cultivation }*[ Harvest }{ Dewatering & }..
Drying !
=_

Flocculation
Filteration

Liquefaction
(Bio-oil)

Hydrogenation
(Biofuel)

9 16 AR Jg spojee]utoly 2] A (IAA <, 2013)

Giostri et al.(2016)-> A&k WA Ao WASH= CO9Y S

Aztetr] flell B Aol vAERF jFES 56k Hiole



WA Akl B HAdE S8 vAlEFE dxske] vl oA
AERE FEshe AU 584 £4 du At H 2v] &8 A

S AN 17). FAel g el ugt dAagHot

(Life cycle assessment, LCA)E &3l AA CO, &= a5 &

SO
A5t
Flue gas Nutrients
Superheated Flue gas
steam
Feedwater
@®)
@
©)
@ Flue Gas Dryi 3)
- o S A a3 [¢8)) (10)
Make-up water
1(14)

Algal fuel

®)

Blowdown

a2 17 24X A £ 0N RS uljoF A|AE LA T (Giostri et al,. 2016)

St wAlZF Al 5l ARstE S A= P EHIL 9
ot A2 dolx gt 3= Nelson Mandela University 7%
= Ae T2ARRA AR e, +F 9 Bas §olste
Aetn WAl zF voleag wlE] EFste] A3 Coalgae®
= st &3t Al dva B (1d 18; Gaga and
Watts, 2018). o] HHE A5 Aty v/ &3 A5 4
gst= 28l A=A glo] mAzERF mpoluiAE A4 &8st

b4

.

u
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8+3-4 (carbon fixation) Z

Coalgae®

Hydraulic press with hydraulic
pump

Pellets

I 18 U&= 7]¥F ®g)(Gaga and Watts, 2018)

Syl Al 2R LAARS Aol i AT 9 4
gkl AA £4 JbeAol HEHI AT Choi et al.(2019)2

ANA drgoz JdE vAzF 107] F(specie) & A

o Rl R KT
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Folg EAE B 2012 FE =9F Al
[e)

a7

Ab
39 %3} (Renewable Portfolio Standard,
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(T9):E)

A = FA | woanew | 29 283 | ARE@
2009 20,569 8,627 12,042 41.5
2010 33,981 13,088 20,893 38.5
2011 64,013 34,335 29,678 54
2012 173,790 51,343 122,447 30
2013 550,271 65,603 484,668 12
2014 1,940,103 90,462 1,849,641 5
2015 1,552,821 82,137 1,470,684 5.3
2016 1,769,213 52,572 1,716,641 3
2017 1,773,294 67,446 1,705,848 3.8

AR A, SAEE AT 2 FIFROI8)

olsh Ze ol4rw <

@

FHT AsArd o] A A A A A
TEYFIAE 9 AR EFFs AR Ay - FIAH oA F
AA wpolevfAao]l AAPANIA] FHAFA (Renewable Energy
Certificate, REC)9 7+ 217F 7178 ¥ Qlth. 717 kel A =4k wlo]
oA 2 S flal vlo]g Atdulol e o] A E S
ov, HAAE "l HE5A 5 wo]e 1A H7]=(Solid Refuse
Fuel, SRF)®] 7FA7F aFH AU A=Atk HA83 9 54
e A5 dAdsk= Al 7HA el wE, das dAEE THSA

b

9) AIRfAOHR] BFQ0SA(Renewable Energy Certificates, REC)= LAALAAZ}
Fupigel ARulge ARz FItES ofsatet Axolixlo|Re
GA|=(Renewable Portfolio Standard, RPS)o]| @zt AIX{AO L X]E o] &3 o

UAIE BFF AL FYokE ABAY
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SH7 wEel dadel disiM ool AVIEAL vk sHAIRE o]
Qbell= AH- = wpolemiA A FEE fg AT
wo] vk W 5 Qi

# 13 REC 7}sA] 7IJU&

Hgeli= 8 71+ THASAH 7HA
—_ - H| 3
T AIF71E 4y | A F
4 1.0 v]-o] SA148
ZAEsl | A - dd e | 1.0 0.5 SAAE
E.]Hi
Y e | s | IZI0T ] g ay
4 1.0 v] -0 SA148
Hol 9 | A - e Hu | 1.0 0.25 A4 &
SRF
a4 dx | 15 | 5a0 33 | s w3
oo =2 1.0 1.5 A8
meld Az as am | 10 2.0 ZAAE
A Az 1.5 2.0 A
A A EAAEE (2018a). REC 7FEx] 1 W&
o3t EEe of#Fel®E et 3020 =W 94 S 4

& =l Fe wlolexde g& sold dwo|tt A E At
(2018¢) &) 82k MHFFA G 2std AAYA] 3020 AF A
Hho] @ oy x| Au) g 2017 725MW B ok 2.4u) F1e
1,7056MW= Z7HA 4 Aol

A

14 8AF AHagAE W Hlo]oHX] 2H|A

(- MW)
A= 2017 2020 2025 2030
Ho] & 725 1,025 1,405 1,705
Hag 323 299 410 498

At SAAE T A

- 54 - A 2 1} &



Au mARse gy 98 0 ol gatglelen s @

e 0¥ FAA7} ol ZAYol A3 oA, PAFE oF
pulvk B AR AN bsd Feel 1AL Row 2EA Atk

A4, 2018). olef e el obx R&D @A PAEFE )

dhol s Ak B ol ol S AA )oid & 9

i3

gl tiH] m Al E=R7E -2l 3
ok AR (2016) of] W= HAsEl o] 49 A5 159 1.37tCO»
HFol 7hest W, viAl R Al Foll whep Aol AN 1=

nAzFE Ao RN FaAoZ 1.83tC0Oy o= Hio]emjX
1 =
dobd mAxFe 9T AR v § JloR

Y. FF71 R AZS $13 Power to gas 71&

COE oA % stetAlE & Fe&=d=2 dgsty] fst st
A A Vlmol= COE dghstr] s W Zo wel Smjsleh4,
Azlghed dsk 7%, olabsleba 143 VleR BT & Adrh
s}8tA A Ve 53] CO & AEsty] A F7H4 oA F4
O REEH IAsks AV wWE B AAY SAR Vel dE3)
of sHAZE vk 2y HIE fHE F
detdA] Joldg S &85 45 9 A3t beAdo] ok B
TheFgt 7= A7 7hsald Aor Bawan gld.
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60 T T T T T T T T T
scarcity

Backup power needed

Bl

-60

40

20

Residuallast [GW]
AL

Long term storage

-80
needed

surplus: -187,7 TWh
surplus scarcity: 43,5TWh
-120 | 1 | I | I I 1 1 I 1
Jan Feb Mar Apr Mai Jun Jul Aug Sep Okt Nov Dez

-100

O 20 =9 20079 At=m 7]9F AJAFOHR] H]F 78% Aleefold Axf
(Fraunhofer IWES, 2010)(Poser, 2014 AjQI&)

theFet Power to X 7] Foll LNG 955 tAE

Sy
%0
0
u

k.

AAdA7IA~2 A$3= Power to gas 7]&°] E3] F
th ol LNG A=7F thekst RofellA] &857] vl o4
2 fFAsHA A8 Feoks A4S 5 e ¥ oty LNG %
A ddzehs adE &89 Svkes Aio] QY] wEolth
Folde S d&ste] A PAAATIAE oA BHE S
Bl AUuAAZAAT R JeS A "ok oAU A AL
A= APEel AR e whet ol RFE G2 E I A ey
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(IEC, 2012). Power to gas 7l&< o dolA 4 /1€ &<t ¥4d
g ¢ Qlow, fg&e AVIE A Thsste] AEE Fstol s
&3 = St olgist 5 S 2 Power to gas 7l&= FF7] o

b e,

ol
£l

YAAGA LYo E #F

A
10000

1000

~ Power to Liquids:
Power-to-Gaf ! CHy0H, DME-~,
LOHC:

Liquid hydrocarbons

100

2204

0.1

0.01

0.001 >
1kWh  10kWh 100kWh 1MWh 10MWh 100MWh 1GWh 10GWh 100GWh 1TWh  10TWh 100TWh

Ny8g
23 21 AYRIRGAI AR /B GEARE R A& (ens and Bothe,

2018)

7 AGAAGA AT HeAdL 5] AdAUA gt
st EUE S4HCE g7y vk EUA = Ay A 2
T& HF 2vvA 71Eo® 20209744 20% FEOE T
s HaE wuaglon 201749 2870w & AW, A=, vl
A % 1170 =747} on] HRE EA St AT A Sefel w
2t #AAl fFHAA= 309714 Power to gas A5 ZEAEVL F
2 Fof lom, =49 E—gas X2 AE dvlH BioCat ZZHE

54 208
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5ol wEAQ Abglelth10 oA ke A AT~ AL

A ¥ ooty F W Ay FelAE gErastE ¢ Qe 79
Q¢lo] #t} Jens and Bothe(2018) oA+ o]# 3t 7F5AS 74k

O % Power to gasE X383t Power to X 7|EZFE 7]& AF
= gAZ + e HAgs F b AT AAES HE 4|
NFEO 2 10%~70%% A= 71% Aldg] oA ofrlol dW ¢
Aoty ol A1l el AL, 7HY, % FEolA 53] FoF w5 Ao

2 Asiit

i
(<
jus)

1. Energy 2, Plausible PtX final demand 3. Forecasted PtX demand per region
Forecast shares per sector, in % and sector, in TWh. 2040

('_ \'I I Eoope Mo Bouth Al gy mase
A Rt Arvarca bmarag [

| Retarence | "0
h Ty %

0, .mm-,eQ@

P g Commeice
:mrr&te = Trade, @ @ 8y ekH
Trada 0 % v % Sardioes

I:|(-
Senices
M s [ o] [
Hﬁm :|1-v. 10% 10% R L] a1 . -
0% - @@ e e
D[] |l (B .. @@¢c ¢

+.!.-.1a|'l:ﬁ 4%
.@-.Ei-.nr--ﬂtﬂ. :;,'1.**:. .3-':""-. ﬁ Road .3 e m 57
Freght

"N Ppi-h
) (= 00s e

I3 22 IEA ETP AAAA|L2]Q 7]¥F 20409 PtX A= 29 A (Jens
and Bothe, 2018)

P
Fassenger

i

\_ﬁmﬂ

10) https://www.gasnews.com/news/articleView.html?idxno=80674

- 59 - a5 A—I —.?T-Eﬂ .



Fod

5

-

°©

A= T

e Z1Eaie F7b

=

=

°©

]l o
&

S|
&

=

2~ 0
=

o] CCU 7]

= AelA=

A 3 & TIMES #4423
A 12 TIMES 23 ML

jpage]

(= W of W ® N W™ T N X 3
S TN Boo X T W RN N 2 o
O R R - R N 9w O
PN Mo ok GRS ™o
L oR = )
c5%8g z3zsza: %
S Y oL w %0 om0 o =i
) o Ho. g Ew = M__ e = o
ok R Nl £ ™ o = 7w Mo %
Oﬁ ﬂ)MO QVN 180 ~X 0 \_I_OO| ,OI . %T _
Al n T Mﬂ M B Ty op M o B
il T = - B
BN ﬁm_ % o Mo B om W m% w0 "o
ooy om 5 W T =< ML N ol mm ~ = A
W Dm Ty ® O \ KO M.w - ;M N S &
— i T n_AI MO
o B S _,ow T Y oo
oo g 20 ¥ e 59 AT o of T
ﬂm m Q = [aN] ﬂ_DI X o0 o_a M‘._ oy -
S W5 T o<~ Lo T ]
W E g S Sed 2o oDy
~ B oy T N B T BTl
X ~ oo Q or = I i
™ oE B2 ¢ = M N I
v 2T R P g S oo % e
A (- R IR S O
< My 90 W o B T = do N mw_ &~ Zo R’ ol o
> T W% 2 5 L2 20 A M or
R T S N P S SR G2
(Y ﬁﬂ s T N R nyw (N S w_a o
WoR 2 Oy R e e E "R o X
S X < © wr ~ B R )
X 0 ) T L0} Al )
moH T e A BOROP N TR ~

3

CCU
[e]

i

k)
gl

39tk CCU 714 o}d R&D Wl

_60_



gl
oy

Gl
T

ro
Mo
T
3

Tof wE =]

==t
=

btk

J_.NO

SIS
Iy

i

)
gl

L —

R

€l

-

] g-of m

3

& Ao ) =g 7

7 e A Al 2T
2= SRS IE PPN = BR=E-E DS

7 e H e ® FoAAH, quA w e

H

LA A

o

7 712 Wk 9l Avele 47

E

DR EER
o 2ol A

1

PN
=

TIMES ¢}
A 7]

Eis

S

O]: S

A 24 Ry F&=
1. TIMES 23 943

S|
A
o)

ol

a
Mo

alg)

H]-& (marginal

Alvel e bl AV =9 B

==
LS

1 7

°©

L=

ot} =

PN
T

=]
=

Al 28

abatement cost, MAC),
[e)

&

R
ol 2}

A w8

H x] 0 = =
\__'}\‘_12 Oc
J+

;__1:0

2% 3 AYEle

o

FAoly 7le o

A

_61_



3 4 9t} B3] TIMESS #A9: thA Y (multi—regional) 23

5 U BAo] bsd, ot ofg Hvh zke] AuUA W AF
FEUL WYt AP &M £F A gk

TIMES®] F8 7502+ HANUAALT S AA], 7]1+2]/3
A2 diqre] Frh, 2AVtAMERE 2 AS5sdE] AEAAFE B
7y, SAENE H7E Gol Qlth olyd Ves Bl oluA, &
7, A ok vhekst Swel Jze A7 EAASRE AlA ke
AR At S AL 5 STk

TIMESE 71, A3k, Az 35 3714 AA4 A (entity)
2 39 &, 7EEs ZRANS 5F A3E gE A3
APA7= 2k, 34, 54 A 55 JEdH Agte oA )
AA, AFA Mu)s, B, gHEE, WE 5 YeEhi o] &
Sl EEo® TR F 13 oy delA HFTNUA ARgel
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28 g 3 2 £ 8
3 5 Q= (G = [
g 53 5[8[3 B g
592 32 & 9 =)
ol g © g 00 a w b=
=359 g
g 9= g 28
0|99 F o Gas fired T
-y b6
extraction Gas - T
Plant Gas
Furnace
Coal Coal fired ¢
extraction Power plan =
Electric
Heater
Qil fired
o] Power plan r—
extraction
Pipeline z
»-¢ Pipeline oil
oil 44 Furnace
reﬁnerg.r b 4
Oil
|
mport 2
=
~
=
T o
= T |2
T |4

I3 23 oif&] ABAF A Ad] W& RES oA|(Loulou et al., 2016a)

AN Ae 7R A o2 AABAAGE M, FEA 2
ZB)A} o= g3k EF9 o] (total surplus) S HU3tsts Fo-F
waA WA o] =EEY. BAIFAVE ndE ¢4ds] 9
(perfect foresight) 7Fs38tth= AA|ste] 8 HFiEdd 3
(dynamic partial equilibrium)©] FF¥t} of7]e) 7|& HaE,
WEAek, e 7H 5 ouATEA e 984 Fo 5 AR 49
of wet F7HE Ak HFFLE FHohes HAHE &)
£ Zoprbr EEHvh webA 7 AlEEe] Al
(marginal value) 2} Zt}.

TIMES EdelA = A5 &A)71A] (shadow price) 7} 44
et wdshy] witel FoaAY FEaAle] AGd o v

o
N
oL
N
flo
<
o
N
oL
N
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o 5, 54 Azt AAs] 99 7P g adEdd vleR A
Ak Fol= AZE FrF Aaksty] flElA B w2 FUHES
Amdfor sk Zlwoluw Vlede ARESHZ] AlFSlob v wI
TIMESelA = At=&ol S7hstvete Basndo] s43 494
= 7Hdst7] witoll Rl Al (economies of scale) 7} A ¢ 8HA]

e,

. A
Price
c C
Supply Curve
Pebe = e e e -
s S Demand Curve
>
Q Quantity

I 24 TIMES 23ojA 40 U ZFZX(Loulou et al., 2016a)

TIMES= 53] BdEgtol 2~ dAo] Ar=zed, £4 717t

el A i 772 dxd B4, A7IAE Y 22 v 24e 9
5 w99 Z2 o9 VtE dAss 5 AREAE 4 7
He]l Ft(period) = FAeHA T 4 Uk EE AFT 4

FAES] Sel ARE, S/, W Be ARYE o



o] hsaith olefd B4 AN gL oA TFAY 7
a2 WASY 5 uo PUs| wAT 5 A wek

= 71 ==

<— Model horizon —>»
Period 1 Period 2 Period 3 Period 4

I° s B Annul

Seasons

jse o] [sp we| [su wp] [su we| |ra o) |Fa v Weekly
DI Z\ Di Z| DI Z\ DI 2| QI Z\ Dl ZI DI Zl Dl ZI

a a w w a a w w (] a w w [a] a L w 2

HIEREIEREIERE EIEIEREIEREIEREIE Daynite
o o o o 3 2 2 = <I (‘ <‘ <I 2! - - -
al|la @ ||l @ o||l® Dl @ w]w w|w 2|2 2=

a2 25 Elel&glol A LB d|X](Loulou et al., 2016a)

olg]gt Bel&gtol Ao digt AfFEE Aol Thsd wiE
TIMES Z&o] AlSTx 7|We=z HA3) dl5 =E3H7] uitolt)
ol & ¢, TIMES E&M= Astel Zr2A A 242 & %
o] El&EgolAE AT  gle=d, ANNUAL BE 7]E
g dellA HHaE o] gEo tallARE DAYNITE F+& 4 2st
S, e Ee FYL4A9 &S DAYNITE o+

g Fe glo] Inheritance IEpmE[ZR= ARAS dHE

=
Inheritance JWev|EE &l A9AS #o= dgE HAFEs o
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AFo R AL slo] vl Y-S wEal, Aggregation 3+
g = AT #go® JdgE HEgs HA s A S
THEsE £ b oA dHEgS W vl @ AsEA

dE@Ez AdE BdEsote]~o ARH|FID (G_YRFR) o w&

Weighted Inheritance Direct Inheritance

Given value =1.0

/ -\ ANNUAL Given value = 1.0 I/ -\ ANNUAL
(G_YRFR=1.0) (G_YRFR=1.0)

:

(G_YRFR=0.6) (G_YRFR=0.4) (G_YRFR=0.6) (G_YRFR=0.4)
Given Given Given Given
Target value = none value = none Targst value = none value = none

level level

// YO
N A S W
wiD WIN SuD WIN SUD SUN

(G_YRFR=0.25) (G YRFR=0.35) (G YRFR=0.15) (G _YRFR=0.25) (G YRFR=0.25) (G _YRFR=0.35 (G YRFR=0.15) (G_YRFR=0.25)

Inherited
value =1.0

Inherited
value =1.0

Inherited
value =0.6

Inherited
value =0.4

71) \'/ 7 ) | ‘\\ ‘/ | | \
\_ \_/ N \_/ \_/
SUN

Weighted Aggregation Standard Aggregation

|’/ ™ anwuaL ‘/ N annuaL
(G_YRFR=1.0) | (G_YRFR=1.0)

wi suU wi su
(G_YRFR=0.6) (G_YRFR=0.4) (G_YRFR=0.6) ' YRFR=0.4)
Given Given Given Given
Target value = none value = none Target value = none value = none
level level
Aggregated Aggregated { Aggregated Aggregated
value = 1.58 value =3.63 N value=3.0 / value =7.0

T A

\l/-i | ) | | -7\\ I/ ) ) \]
S \/ / K N N Yt \_/
wiD WIN SuUD SUN wip WIN SuD SUN
(G_YRFR=0.25) (G_YRFR=0.35) (G _YRFR=0.15) (G_YRFR=0.25) (G _YRFR=0.25} (G _YRFR=0.35 (G _YRFR=0.15) (G_YRFR=0.25)

Given Given Given Given Given Given Given Given
value =1.0 value =2.0 value =3.0 value =4.0 value =1.0 value =2.0 value =3.0 value = 4.0

a4 26 EfAES2lolA AE X (Loulou et al., 2016b)

T3k TIMES 82 238 oA A8 aE 7|¥toz it

(interpolation) ¥ ¢4t (extrapolation) & A= % £3lo] dlolg

1) 1d &

N

b etz atol A} Atxlat: AlRElE

B



Model horizon

1st period

/ 2" period | 3™ period | 4™ period 5t period

|99|00|01|02 03| 04)05[06]|07])08[09)10]|11|12]13] 14| 15] 16] 17 18|19|20|
' I I 1 1 ' 1 1

Pastyear I

Milestoneyears

Modelyears . l
|=]
oy

M7k 9 dols ¥-&2o] g4 (Loulou et

Datayears

i

O= 27 TIMES 239
al., 2016b)

2. TIMES 23829 ZA%y 9 AHkzA

Al

TIMES:= #A417|7F SeF Az 7} oux] F37]+9 dA)
7FA 2 ks AR B ES ek F olUAA|AE v g9 H A
T EARER Aunh ouA 71 vgels AN, 244

A, WERAN, AR 9 AR A4 EE o] Fol EFhE
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R
<> NPV=Y, >, (1+d, )Yy ANNCOST(r,y)

Y
r=1yEYEARS

& NPV = & H]-8-9] dA71A|
ANNCOST(r, y) = A r, 9% y2] A3} v]&

d = 20&

REFYR = 7| %

01714, NPV TIMESS ZA35zA BAlo] xity dlg
(@)= &lste] AAZINZ @byl FH|§o)a, ANNCOST(ry)= r

A ydxe] AA7r38]E, REFYRS 7= Eo|W, YEARS: F4

717 -9l RE Axe dx dAE v S WY £ Qe BE
Axol Hers ou|dttt. AR L (UNNCOST) S Azrstd Fxb
v, 1A4H], §-408], d=m5EH], duyA Aew D U6 5 g

= @ el duA FEe Tl A2 Fds Areka, 9=

7}. Av) o)A (Capacity transfer) A<k
AR A pol EASE 7 7 pl 7)ol g Auje T &
F A T Au] g JFE=EFY 7] Al TR Au] 8-

- 68 - M 21



Foltk, of7]4 AEEFS BA7E ol UHe] o=
Fol warolt),

<2> VAR_CAPT(r,t,p)=

3 VAR _NCAP(r,t, p)+ RESID(r, t, p)

t—t < LIFE(r,t’,p)

@, VAR CAPT(rtp) = 715 pol 7] & Au]&=F

LIFE(r,tp) = 71% p2l 7]l 71&473
VAR_NCAP(r, t’, p) = 715 p2l 1ol A4t FA An] &%
RESID(r, t, p) = 71% p2l 7]l 7]& v g

Y. @5 5F (Activity definition) |2k

TIMES 5238 WeolA Aste] a5 Aste] 5 #4149 &5

FES AR Y8 ABASES FEste] T MG Aol #A
= Ashs Ak 4ol Alsith 5, s dEs avlske] &
o]

i,
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3> VAR_ACT(r,v,t,p,s) =

Z VAR_FLO(r, v, t,p, ¢, s)] ACTFLO(r, v, p, ¢)

cEpeg

&, VAR _ACT(r, v, t, p, s) = t7]°] EFdE&eto] A sol A 2] HlE
Al vl 71 pell Wist SETE
VAR FLO(r, v, t, p, ¢, s) = t7]1°] EFd&Eefo]l 2 soll A HIE

Al ve] 7 pEHFE BARE Al ¢f &
ACTFLO(r, v, p, ¢) = RIEA] ve] 7] pE4FE AitE A
3t ¢ FerT A8AT

t}. Au)o]L (Use of capacity) A<k

AH] 9] o] &% (Availability Factor, AF)& AX¥ An| &S
Z|eo® v BdEsgtolavitt tEA Hojd  qlvh V[EHoR
AR & HAagehe WForE 54 BdEetol oA I
AA AulE ol &atAl HH, ole]ol =AArF TRl et A
AEE AW T dYr ol&ES A4Y + Utk ©, 24T
of 54 7l EF5E2 ol 7hed 7 An| ol&E3 A

3 ¥ #e 294 5 g

<4> VAR _ACT(r,v,t,p,s) < or=

AF(r,v,t, p, s)* PRC_CAPACT(r, p)* FR(r, s)* VAR_CAP(r, v, t,p)

&, VAR _ACT(r, v, t, p, s) = t71°] BFYEeto] A sol A 2] HIE
Al vel 7= poll HE SETE

70 - ;J k'_. 1_]|



AF(r, v, t, p, s) = t7]°] BFdETtel A soll A9 WIE A v
71% pol ThEE

PRC CAPACT(r, p) = 71% po &5 Aol &=
Atol 2] A A 4

FR(r, s) = EF&etol A s7F apA| et A7k A7) =

VAR _CAP(r, v, t, p) = REA ve] 7]l 7]& pol v &

2t A3t 373 (Commodity balance) A<k

719 BtQlEetol 2~ soll pAel W b A3} o] Ao ik 9
T FAE A o AuF 9 FEFY FA 2 Ak
FES A v g E A8 s wEnt YA es b 3
= 5 Azt ARLgE Fgs] e o] Ak 9 4ol §E
ok Wb oA Aste] A9 Hafast gi-g AARE FE YA
e WA & BA A AUAFe o] Aite] AAAY
W71 Wil AnjEh B ko] BALS FEste FeE A
7b Ag ettt olw A3t BklEetel s @9lE Fod A9 7 E
d&eholx mitt As}e] FPz7do] Aol gt

o - ;J k'_. 1_]|



<5 ( 3 VAR_FLO(r,uv,t,p,c,s)

p,cE T (r,p,c,”out”)
+ VAR_SOUT(r,v,t,p,c,s)*STG_EFF(r,v,p))

+ Z VAR_IRE(r,t,p,c,s,”imp’) = or =

p,¢E RPC_IRE(r,p,c,”imp")
+ Z Release (T;tapa C)* VAR_NCAP(T’t’pa C)] * COM—IE<T’t’ G S)

+ Z VAR_FLO(r,v,t,p,c,s)+ VAR_SIN(r,v,t,p,c,s)

p.cE TOP(r.p, c,in)

+ M VAR_IRE(r,t,p,c,s, exp”)

p,cE€ RPC_IRE(r,p,c,”exp”)

+ Y Sink(r,t,p,c)* VAR_NCAP(r,t,p,c) + FR(c,s)* VAR_DEM(c,t)]
p

o, AUAIEH Ass (> dA A", ole] A3} 9 wiEE vl
Aokl L (=) #A AHY
VAR SOUT=SIN(r, v, t, p, ¢, s) : RIE|X] v¢] 7]& pRH-FE
Add 79 2 ks 55

TOP(r, p, ¢, “infout”) = 715 p=F¥H Bikd A3t 8 74
RPC IRE(r, p ¢, “implexp”) = 71 p=5F-H BitE At 9

STG EFF(r, v, p) = 71& pY AF &%

COM_IE(r, t, ¢) = A3} co] A=} 58

Release(r, t, p, ¢) = 7% pol An] A 7|7t &<kl 22y
Hie A AE B AR o &

Sink(r, t, p, ¢) = 71% pS AW A &9 o

i)
to
&
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At B Am Y F
FR(s) = B Etol A 7t AHA sk A1t AZ|E (Annual

e A= A D

v, X2 M A &8 (Efficiency definition) 8 %2
TIMES E&oME Z2A|~0 59 4 Al

<b6> Z VAR _FLO(r, v, t,p, ¢, s)

cEcg2
= FLO_FUNC(r,v, cgl, cg2, s)

* Z COEFF(r,v, p, cgl, ¢, cg2, s)* VAR_FLO(r, v, t, p, ¢, s)

cEcgl

& ocgl = FUA 15
cg? = A=EE e
FLO FUNC(r, v, cgl, cg2, s) = RIEA v F4A I1&F
cgld AEE T1F cg2 Aol Ve pd &
COEFE(r, v, p, cgl, ¢, cg2, s) = EFdEetolA s &5 HEgk

ZAAG

s SR

| &1



v, Z2AA 3 F H]F (Flow share) A<k

Azt d5o]l & oY FY R AR 94 XS W 74 55
W vl Ak Fojste]l Y AlEEs FrHH R FAE
& F Atk 7HE oY 7EA =do] FAle A= AGAAS A
NN el BA B, 2w BE T, 3 T4 dadtn @ o9,
A7 A AEe] T FAE vEAHoR FEste] &Y
E(slate) 8] A= AT + At T AE= T ol HY 04
v, 2= Hd 0.59, 3= Hdl 0.6W1 & Alst ==
e} B2 Aoz vy "o

VAR FLO(cl) < 0.4%VAR FLO(cl) + VAR FLO(c2) + VAR FLO(c3)],
VAR FLO(c2) < 0.5* VAR FLO(cl) + VAR FLO(c2) + VAR FLO(c3)],
VAR FLO(c3) < 0.6*[VAR FLO(cl) + VAR FLO(c2) + VAR FLO(c3)]

-
m{m
e
2
oty
ol
o
2
=4
ol

sl vk Ao

<7> VAR_FLO(c) <,>,=

FLO_SHAR(c)* Y3 VAR_FLO()
E

AL 9353 =4

Ae 9 g 2 55 Age] B, &
A AsksE sty S BE 71E9 F ol
sawste] Bed &% ol 53 wEwE o gEs 4y

=
of Aoke A FF A WA LAFAY gaRe Adk 5 2

- 74 - "':r“‘E _k:i_ -I_-]i +



m

S0 wel vaRstel] Vg 5 Qs 7RIt

_l

<8> | Z PRC_CAPACT(r,p)* Peak(r,v,p,c,s)

pproducingc= pcg

FR(s)* VAR_CAP(r,v,t,p)* VAR_ACTFLO(r,v,p,c)]

+ Z NCAP_PKCNT(r,v,p,c,s)* VAR_FLO(r,v,t,p,c,s)

pproducingc # pcg
+ VAR_IRE(r,t,p,c,5,%)
> [1+ COM_PKRSV(r.t,c,s))

* Z VAR_FLO(r,v,t,p,c,s)+ VAR_IRE(r,t,p,c,s,e)

(pconsumingc)

@&, NCAP PKCNT(r, v, p, ¢, s) = t7] 3| A F3A|7]o] &4
A8 Aaks 93 71E pol 7o 2
COM _PKRSV(r, t, ¢, s) = EtdEEFol 2~ 59 Ag} cofl st

g, AE 54 W wfAS Fe

- 75 - H ',C':.' 1_'_“ ;-j]l_ 1L



Al 32 BHANLE 2A

1. 7|2 AA " 2A

CCU 71zl tigt 7|EuAA A8 Hels Al A=ziFH

JoldE e FFol EF A PG ARETAR ABHE B
=

AA ARE W FERE 7S A sadad Adrks 5
of &2 (Retrofi) & 7IF2& 3tH, ol5 b 4ol
CO.E AunzZ ZFgsto] duz A% A 2aHE U~
deom gk wEb 5 7hx e CCU 7led 71

AR Y BES GASE dux JARER FHEe e

i)
i3
)
B>

=
e
i)
rlr

ro,
o

0,
2
X,

oty
1%
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9 LNG @z 27 449 A 71E e BAsIAE
1= st wAvlel ouA AARES FRets] gsh AnHa)

AR7E S7hE G R R W V= AY AL V)

N

Mo )y o

CCU 75 A QoA AAHE 3 7Hdste] d=
A Fo FE T aysA Atk ol Al A8t A
AbETa she e Ve e g SAqAE S0 54 a5 9 A
A7k spo]zEel FFe tiAlsh: FE7F HEE AlgtE FAR]
Golut 2A7kA wjEo] ST AL 1Y) of 7] wWEolt.

F#HFE CCU 7]zo] Rigd 7|FollUAAARS thg 3 2
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|
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<d
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o NE | F
il 2| [z][2
K4 3ol | | mn
< =| ||| =
h s
ar -
+ . q
g = - i)
80 2| & 0 5 ) °H
a Gl % o o
xr ol |&r 3 i 5
<+ HIEHENERIBE sif |38 30
X x| |=| | +* ol A B R
5 ot I o 8! w| |
= =l 1=||=]| |} oF r B Bl oF
: JIEIEIEINIE ¥ |°
x
a9 28 TIMES AgtiE HX7]|e 4=



2. 4T 71€5HR B

2 ATl ARt sk CCU 71+ ZAAHT ol 7IxE
O F qUAAAELE FA4E7] AsME B Ve =g, 3
o729 Boyx 4 AF AaozRE Q] oux ¥F FAH, 2
NEEAA e digt gort Hesith o &
A =Eed vA s GFo] ABRR J|EEAAA FoE Y3 AA
Z79 7Hg 3 kg el digk AEE mle- Fasih

2 ATl AR e Vee dA oA Vs
A g AFGAel gl wE7]Eol7] wiel] EdAAE 7Nk AL
7F w7 ek, o]o wE EFgAAo] EAET webq e
71 e Hx & Ve T4

A7k WE 5

olrt

[-‘O

T 7HA Y] 71zl diall 24 FAelA e olyA 9 9 COp F

d-MEH 2 FA], g, dMEaAN ol e S4AE A

2,

7}. BECCU 71<&
HA, Aebibde] AFEE nARF dlo]em A A T o
EAS Aot vHZF tE vlol oAl g 1 E o
3

3 5
o joko] Fhsake, sl vlele dm AAEA oyl wel WA
Aol ek Fol Atk vIAET WS ¥ ABWSE A}

gots Zom JMdata, Mg Fele g, 25, dx S AA

M HFAHOR HAxd volemiAs Atk ofuf mAlEF wiF Al



At - SCHE| CHYE B4 012 .

E8 DMER

ﬂ OfbtgIEA : CO; HolnlA

OJMEER S5 Ch i
AMEHEE A HiO| 2 OjA

Jd 29 BECCU AAsA 73 =(SulYd SHE@7Io]22), vlo] QoA
23t SWERAuto] L AAPE), vlo]QujA Ax SMEEHPYSAY
SHAIED)

A5 E7Fe)Z 2, http://www.cstimes.com/?mod=news&act=article View&idxno=142658;

LAt uto] @ o 29 ek, http://hellodd.com/?md=news&mt=view&pid=61202;

S| FAYEAASAAE, http:/fm.bioin.or kr/board.do?num=216054&bid=report&cmd=view;
ZAAY: 2019.7.11

WA FxH] AFAS 9El Giostri et al.(2016) A4 AA| =
500ha H A oA =22]uck(Open pond)12) A|AHl 7507 AHAH

2 3 B4 AT ERAAL B9 94 (ha)g Be A
MES ANFD Qe 53 WARR velons Az W FIF

12) D=7 vige fsl &2 S9uif(open pond system)y} FAEEH-S7]
(Photobio reactor close system)S o] &5t=0], UYL F2 55 U o
F(pond)e] YPEIE Z2FE WHESAIERA dxZfo] W 7o A3t vy

- 80 - ’ ..-'{x“| -Ei— 1_” {f-'-%



el odt dgsts 9% Exe] du AXE 7Hdatel 49y
Abat drd g FAm g SARAEE gk v 2 1ol A

22 Aol JoiHozRE FEHEE A AdE nE2
Alglgre, w3 2 Ao CCU 71&9 T3 AT olF 44

3 Al H]ES WkdEtaat slEE R&D WAllA 7|4 EEAA
ulito] A A== ouln] (contingency) = A9t ¥4 &
3 #A-EstAAE THGY Open pond AlAFE diAl Aste &
HWAS REgstazr sEvet Aol 2 3 Fuiekr] (PBR)
$hakglth. PBR A 4819 Z-¢- Open pond A2~
gl vla] H3tst AJdo]l 27 E7] wEe] FAR|7E FeA
Davis et al.(2011) +=%& #Fsd PBR AlAES] Open pond
Alzdlo Blsl] FAEIZE 254 W) 2 Ao FAHER o|F W
sttt

SHAFAB e BHAFFIME Giostri et al.(2016)E #1135}

>
[
et
N
MN
o
i
r&

Uao WAE A F4o] AQshd], Davis et al.(2011) &
Zr13Ed  Open pond”’t 25g/m?%/day, PBRo] 1250g/m®/day®
Open pond AlZ®le] 10cme] zlo]& 7Hd Al, &9 F3F oF 5l
o A SHlE 7T 5 qlo] olF whgetaltt

t}. Power to gas 7]&

Power to x 7]%& 7|Wto & #HZS AAsH7] 3t thekst d &

AAarol 7bEelAwE, B Ao A= NGCC(natural gas combined

- 81 - M &t



cycle) & HA7IA TA LA ABE LS T

A7} (synthetic natural gas, SNG) A|x 7]|&€= &

X
o
il
&
%

>,
[43.1_41

1%
=
o
il
ot

gt e Ve g S wYIbAREE COE AT ¥

S HY

o Y=

<
NGCCHH EHE

= 30 Power to gas AA5A 7B = (AUDI EQG))
A5: AUDI AG,

https://forschung-energiespeicher.info/en/project-showcase/versorgungsnetze/projekt-einzelansi
cht/110/Weltweit_erste_industrielle_Power_to_Gas_Anlage/, A4 2019.7.11

Power to gas 7|EoA 18 ¥+ A|AHS IA4 37019 EE
2, CO, ZAFTA, 74 WA, FAHATE sy ow 4
g0 T 71 9A] R&D @Al o] desdxAE FE 4 2
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tjf A= Blanco et al.(2018)< Frasiitt. id =2olAe &
Al B mE Al CA FeAAm el 48], o]gE, Vel
gt EAdeE T8l Ve Aluge s HAHE 2 FHHE ALY
g Zbzte] gk A ARE PSS ol 3o w2 d
TE=oA AAE TR o ARIE AN dEEE gRlo] wrtst
o A4 o Ud AEZ oy =Sl =
How FHux| e} HAaAE HEstaA 3 Zloiv. ¢4 VI Ay
2] 2eAE  Vandewalle et al.(2015) Z%-E 20159 7]Fo=
750€/kW du]F2pu] 87 Ausfelder et al.(2015) ZF-E 2050
of Hlgste AWAE Fxsglor, o] F ARE VRt R Wiy
= °ol&dty FAAEE FASAH. FH Min Ay A=
Gassner and Maréchal(2015) & <l&ste] &241& 279 &2
Hho] @ ui A A AldoM o] Wt FHS VIREe
et ok wEbd AV|see s 7P sk AT s
ol ErRE YVxARE: FHdstdy Addr. HF
A= Blanco et al.(2018) 94 AAIE 7|& Avele g &8t
© Ao Max AlYg] 2 HES de Bucy et al.(2016) AlA|
2030 FAH gt EEetaat sttt o]= did = elA TIE Al
ez AAsts @2 3N HESe FAH 53 fARS
71wl tisEgte® AAsivty Awe Y] wiEolt. dFF JdH=
Ronald et al.(2014)& Fa a3t o8 F4 AT A A disiA
% de Bucy et al.(2016) 3 3k Farskioh

TAFAN g Hdstol = HesRAH gt 1Y FAHE o
A=t Blanco et al.(2018)°Ax = WFFAH S tiFe] CO,

Hu

e
re
—
2
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i
=2
=
=
i
)
)
st
Mo
=
do
X
)
l

g nE¥ #¥E AN ALl 1A FAule] is)A

% de Bucy et al.(2016) & 313}

1.5%, BHAAkA ARFY FANE 755 sl nYRA
N e

EZH] TAHLSHY | && ol &E | 7|&€5H
Adgle | A=
€KW €KW % % (¢5))
2015 750" 375 759 95 25
2020 600 30 78 95 25
Base
2030 450 22.5 81 95 25
2050 2507 12.5 85 95 25
2020 1507 45 85" 95 30¥
Min 2030 125 3.75 87 95 30
2050 759 2.25 90 95 30
2015 1,500 101.3 79.4 95 20
Max® 2030 1,000 75 79.4 95 20
2050 700 52.5 79.4 95 20

Z+2: 1) Vandewalle et al.(2015) (Blanco et al., 2018 A<IL); 2) Ausfelder et al.(2015)
(Blanco et al., 2018 A<¢18); 3) Gassner and Maréchal(2015) (Blanco et al., 2018 AJ<1-&);
4) Grond et al.(2013) (Blanco et al., 2018 #AJ<1-&); 5) de Bucy et al.(2016) (Blanco et al.,
2018 A§21-8); 6) Kotter et al(2015) (Blanco et al., 2018 #|<¢1-&); 7) Dickinson et al.(2010)
(Blanco et al., 2018 A<18); 8) Moeller et al.(2014) (Blanco et al., 2018 #j<18)

I ¥ #E 8 8E v NETL(2015) W NGCC 24 A&
3 g ARE 835t} o], dF Ao A ofz A+

gae muetd oo Adzks WA o =R $R9 /16

ok

ol
=~

kel
ok
o

N

- 84 - MLt



E3t2 Ao 7]elst ou]v] (Contingency) B &2 W sFA] &t}
webd IR A FAME NETL(2015) W & ZHENE(TPC,
Total Plant Cost) & 7|02 -3 &2 Ay F2 F9| 2o
FA 796$/kWE WIS Ath SAFANE vz R T3
g2 Ay FH Fo AolFAo7 WEH|EE 3.28/MWh, 270
£ 2.3$/MWhE 77+ wkedsigich

t}. CCU 7€ W9 @d7|& 54 vl
#% BECCU 7]%% Power to gas 7|24 ¥ Fxpd], 1%
H|, HEH]E Hlwshd &9 AdgAgat & Fx4], 148 BECCU

71&0] At AoR FAHEQ O, HEH= BECCU 7]&°] thi

A Euz 24ue] Qlony, AA =3 uelA oluiAn e 43
AxE7] wEel A4 28 TES 98 JEuasdAE A9H9
.

_ g5 - ;J k'_. 1_]|



WA S S|

e A& | FAM | 1AW | dEe | &8 | ol8E

TR | KW | $AW.) | GKWh | (%) (%)

Elacn= 50 214 133 - 34 25

&Y 50 816 17 - 34 36

x4 30 1,902 39 0.02 34 21

&FF 20 4,798 97 - 34 15

=9 20 2,118 26 - 34 30

LFG 20 716 28 0.00 38 40

MSW 20 1,462 52 0.01 35 22

74<+2-1000 40 1,666 209 0.00 34 85

F2 40 1,969 234 0.00 34 85

Ak 30 1,246 145 0.02 37 90

frdgt 30 1,282 162 0.01 39 90

A EHUSC) 30 1,811 29 0.01 42 90

==l 30 485 119 0.04 49 90

= I 30 465 69 0.04 38 38

il 30 182 39 0.00 37 33

i 25 1,462 50 0.01 35 65

A5 A(SOFC) 30 8,842 265 0.01 50 85

7d<+2-1400 60 5,079 95 0.00 35 85

frasas g 35 2,291 69 0.01 39 85

IGCC 35 2,822 71 0.01 45 85

BECCU 30 7,833 122.3 0.08 42 90

Power to gas 30 8,029 297.8 0.00 49 90

4 - 2419(2016), AF-4(2013), ETRIQ2014) #ste] 2124, BECCU9} Power to
00% A 7102 7]Ee] WHdu] &3 Falste] At
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A 42 AR T4

1. oA Aug e

H A sk Al
AALs sty 2030 AR T 20%, 2040 HHRF
o] 30%7HA TdsteE AUAAE FAs THYeRivh dEE AT
B 20179 9 AngF 225GWollA, Alde 1,237]9F A
g 4,57] & 5.6GW & F7F &% =% 4d 107] s
gato] F 8.5GW fraE whskgit. EEgk 2031 ©]
A ot JHgskgih Aes)

l-tl

T
2
=
N,

AAGAUA WAL G} AL 20314 ol F B
Yo Fe wAd] FUE FA ARY BANFE Fhse A
gergov WY, FHL ALG A WM M gL

2031 o] 2050W@7HA] f-X1E kAl 7Hg AT Bl kg 9
o] Au|geke 2031d £ 2:1 H]Eo] 2032~2050d 717 &
AHchka 7. dld Ak A FTH I kg V] EEA A

g 7o ® By el 3 7 TlesAnt AuEs dde W

- 87 - __}'x_-l! _CI_':I_ 'I_'_]i -



A8zl figrelt. ek 32k AMUAZIEAE W B 5 &

O 1.45:19 vl&E 7hesti=® 8 AYauAd n&@2 D)<

fASHE o PESAL

17 7t25s, ", AR 2AgY A2 ® HAA =

(SH1:MW)
Fhm g g Axke W

L

ATFEE] | AQAE | AFEE | AAE | A7 | A
2018 240 0 0 0 1,400 679
2019 1,751 0 0 1,120 1,400 0
2020 1,000 0 1,000 0 0
2021 0 0 3,130 500 0 0
2022 0 0 31,30 1,000 1,400 0
2023 0 1,800 0 0 1,400 650
2024 3,060 0 0 1,120 0 950
2025 1,000 0 0 1,000 0 1,900
2026 0 0 0 0 0 1,650
2027 1,800 0 0 0 0 1,650
2028 1,350 0 0 0 0 950
2029 0 0 0 0 0 700
2030 0 0 0 0 0 0
2031 0 0 0 0 0 0

- 88 - A 2]



2 dedMes 2RVIse] AAdel wEb 339 (Merit
Order)7} A HAIRE, AA A8As 88 Hd= Haldes 2
7HAL F=7EA QL 7ol Hast -4l Mol AEk]l Al
o] FAo] T3l A A o Age v o= fa 84
AEFgAgelA 71 44 2030d AYAIA vlF 20%E 7H
shal, 2040 AA AU A TR TxE Hack We T
30%E st e 20502 2030 20% 2 2040 30%

AE Agetel 40%z AU AAY WA EFe= wA
Ao 5, arE @, Y TP, 29, ARAA, WPA sk

(Landfill gas, LFG) (v}o]le X3h)  ejeky, H7|&E(FHAY7MA X
sh), IGCC 87§ = 34 s}t

g9 - % A k'_. tf] &3



=18 AR wRME] 28 L A WY 257 8%

L, —

(FP:MW)
oz LFG
T Bk | 39 Ax | 71E | IGCC | &9 | (R
= npo] ©)

2018 1,300.0 200.3 80.2 0.0 0.0 15.1 100.0
2019 1,502.1 650.0 80.2 0.0 0.0 23.3 100.0
2020 1,500.4 701.2 80.2 0.0 0.0 20.1 100.0
2021 1,800.6 752.9 40.2 0.0 0.0 20.1 80.0
2022 1,800.5 951.5 40.2 0.0 0.0 20.1 80.0
2023 1,800.5 | 1,152.0 40.2 0.0 0.0 20.1 80.0
2024 2,400.8 | 1,354.8 20.2 0.0 | 400.0 25.1 70.0
2025 2,400.5 | 1,655.5 21.0 30.3 0.0 25.1 70.0
2026 2,400.6 | 1,5699.9 20.5 0.0 0.0 25.1 70.0
2027 2,802.6 | 1,630.7 10.3 8.0 0.0 30.1 60.0
2028 2,805.0 | 2,078.9 18.2 8.2 0.0 30.7 60.0
2029 2,822.3 | 2,018.4 24.8 | 216.2 0.0 30.2 60.0

2030 3,245.3 | 2,158.0 19.6 | 483.9 0.0 30.2 50.0
2031 425.7 47.3 20.2 7.2 0.0 0.0 0.0

A8 82 AHFFAEY, 20179 E DA A (AH A &, 2018a)

AR whd o] f5Y FHEstIA = 2017d A AN AXFA
of Ha¥ 2014-2016 AFZAE HAak 15%5 ALt 85% 2]

ol§E& ST dAY B Ay, A &9 23] =7ks st

b 17 =
- 90 - M-EZ2-TH



olst7} &

ol

o

Pt

S

3]
1

82k A g7
o om, 2032~2040 7]7HS]

S

20319744 =
z 48

Al

d7HA]

Fol 4

S

oF ¥

o3

528 AE

2

o

H

34 o1 7]

=l

Al
2050d7HA]

H

32k || 7]

F3ich ©]$ 2050 =
T F2E0.2%)°]

S

&

2030~2040¢

S|
&

Ry~
[e]

il

1 A A%

S

73

2 2015~20174d A

o

1 1927] ol g AE

171 9%

NEE

(F9:TWh)

2050

558.8

2045

564.5

2040

570.1

2035

575.9

2030

579.5

2025

569.8

2020

540.1

i

™ o]
AR
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2. 7124 Avgle

TAYE] CCU 7297 #dd EAAUYg e +4s 93
T 7 e 7 AEVIewAe® F9dE wE spsiglth |
A Auele 29F 32 Mgk dEA "W HdAvkA A BECCU
713 Power to gas 7|&°] 2172t ¥ AFE A E Bzt
gt o] AU eEes d AU FFEoA S+ 7EA] CCU 7]
=o] 7= A AALE T A =

wAetaak gojt

20 2DS AU Qo)A v &A o

A= 1} ZTHCOKton) 20143 thv] =&
2014 241,517.5

2030 192,480.7 20%

2050 105,406.1 96%

o ®2E 2DS HxE G4 s A5 Aeks Ftst
AT 2DS T3 AE A wjEF Aok UNEP(2016) oA it
st RIAE ZIREe R st} dld R oA 2014d wiEE o
H] 2030 2 2050l ZH2F 20% @ 56%9 7HEHo] S <
Tt ok wEbd $Eigel 20149 wiEEe] 59 vEo 2
S Mgt mid AgFog At 7HgEnh Ave e 4
Hloj ekl AlvtE] eof 2DS wiEAIF 20-& F7H8kelth vlF
28 YA Agdor Adesres stk Aluge 59 62

]_
247t 9DS WlE Ak ShelA AR wbda uW "eAzks wd o]

ot

flo

9o - . Jiﬂ k'_. 1_'_” Bk T



CCU 714298 A4 dust FU9s 498 47 244 nw
A g,
= 21 At e 14

Ca%h 7eeA 9 Aok

H o] 22}l

AUl 1 | ALAIAY E(3020, 4030, 5040) o) + Al
e + A Au)8=F 40GW o)s)

3 A=A

v o

AL | AUE]le 2 | wlo]2Ek] + BECCU 734

AU]e 3 | wo]2gkel + Power to gas 7]&-&A4

AU 4 | wlo]2gkel + 2DS ERan) Aok

A S AR 5 | Hle] gkl + 2DS 'hAmEA|oF + BECCU 71&&A4

o] 2&ke] + 2DS EFAH|EZA|k + P
AL 6 j}%ﬁi + 2DS &A1k + Power to gas
H
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QFst7] $18 = (SPR) 3~5€, o5 (SUM)2 6~8€, 71 (FAL)
AE(WIN) 2 12~29= F/d3lch =gt o o]d
F3t7] A8l FE5 (WD) FLWE) (B, o, 37

Model harizon(2010-2050)

2010 2015~2017 2030 2040 2050

4 Seasonal Timeslices

8 Daily Timeslices

192 Hourly Timeslices

._
o
o
;I
=
=
wn

- 94 - % ,«»ﬁ —.3— E]



H 22 Time Slice ¥35}H|%

e B Qe 7+ A&
7 FF | FE | FF | FE | FF L T | 7E




2. 71e} AAAZ

AUA 9 e AUAZADTFLNA AT 20509744 9
AUAAE Agatgon, Ar A Fgeli= 7]E A
Aojul e 52 welskel 48,

23 oUALE 7HAAY (TS /P])

o =] 2010 2020 2030 2040 2050
A 5.1174 5.6275 6.6083 6.3183 6.5538
frdg 3.7172 4.0877 4.4079 4.5895 4.7606

CRia 12.636 14.6086 15.1953 15.5186 15.8178

72~ 10.722 13.3086 13.6563 13.8458 14.0199

A2 0.3038 0.3038 0.3038 0.3038 0.3038
A AR - 5 (2014)

AL Sheoly A e (2017) ARE Farsto] 20119 FH
A FAFS ol GEiTh 2V wWiE Al UL WEAS
7F e A ols #Esilod, FAdee] By w7t wiEA
o IPCC(1996) MiEAIF7F thas Apol7} yar, F-Ae 2u[ &
TRl wormz IPCC(1996) wiEATE 2 &3ttt

e 20179 ARl EES ARS A dQladd
4.5%%= ZHgstgion, Auldulg 82 AHFEFA ] uwhet

22% % A 3A Tt
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B 24 oHR|LE LE 2 "iEAS
Sl 2l i @ non
=SELGlE | SEeE | e IPCC | =7}
o FaRE 6,550 | 6,400 | 0.98 | keal/kg | 26.8 | 28.6
F gan 6,200 | 5950 | 0.96 | keal/kg | 25.8 | 25.9
. A 9,010 | 8420 |0.93| keall | 202 | 20.0
T 22z 9,950 | 9,360 | 0.94 | keald | 21.1 | 20.8
T aan 13,040 | 11,750 | 0.90 | keal/kg | 15.3 | 15.4

IPCC(1996)

_97_

A A E G RAE (2017). 2015 w7F €A1 alEd B,
St A F5H(2017). 20160 % oHAAMEH B,
IPCC Guidelines for National Greenhouse Gas Inventories.
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250

200

O] EE 14.4% % EY 27.5% (20173 19.4%

A 15.2%, ¥4 4% 21.0%=, 83
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< 2039W7kA] A #H7|E 33.3GW7HA] "ol X
Z7bstel 36%~38% o F#FL FAWT HFY % FY 2
g APANUA BANNFS 257 3 A FF 10% FEO

2 2050d7HA] A& S7H7E A E

JB ot
k3
i)
>

N

25 yo]agel Alug|e Ad-g AT Ayt
(T:GW, %)

dx [ 2010 | 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
g | 77| AT [ s | [ e |es [z |z
26% | 21% | 192% | 160% | 112% | 11.0% | 85% | 5% | 57%

A 53 | 279 | 377 | 404 | 404 | 229 | 216 | 196 | 88
323% | 4% | 219% | 55% | 22% | 158% | 11.2% | 93% | 4.1%

48 | 341 | 434 | 456 | 488 | 363 | 34 | 3|2 | 370
B a0 | 309 | 3200 | 20w | 26 | 206% | 178% | 182% | 170%
| 58 | 43 [ a2 | 16 | 16 [ 22 | u5 | 19 | 19
74% | 44% | 31% | 10% | 09% | 13% | 59% | 57% | 55%

dewg | 7 | 36 [ 14 | w0 [ w0 w5 [ e | w7 | w7
08% | 37% | 106% | 183% | 236% | 315% | 35.3% | 334% | 430%

_ 04 | 09 | 28 | 85 | 24 | 28 | 341 | 403 | 469
T s | 0o | 20w | 5a% | 1129 | 158% | 16w | 102 | 215%
; 37 | s8 | 68 | 77 | 75 | 70 70 | 70 | 70
AW g8 | 59% | 50% | 49% | 41% | 40% | 36% | 33% | 3.2%
g | | 2 | wet [ [eo [l | ez | 2 | 278
0% | 100 | 1% | 100% | 1% | 100% | 100 | 10 | 100%

2. FAAE 2AF 74

Axe wAZe w44 sy B A7dd a4 2A=

flo

2020 194.3TWh o]% FF3] Aste] 204195 EH 10% =

- 100 - S B8 i)

o



e o
Ho] 2035@¥EE A4Y wAFS Sdn 20504 /FE

AuEch e Adzks 2P
2 20209 OlF A%HOT Frhsa 2034dHEE ArhLAdlol
=, BANE S = 2020d 15%°14 2050 38.6%7HA

)
w
g

= 26 wlo| Akl AlUEl00) WAY

ne

% A 2n

(SF9]: TWh, %)

dx | 2010 | 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
ey | 121 1619 [ 1913 [ 1890 [ 121 |7 [ 123 | @5 [ 925
202% | 321% | 5% | 318% | 5.29% | %1% | 06% | 157% | 157%

. 1941 | 2134 | 282 | 200 | 220 | 1363 | 896 | 602 | 272
U 29 | 423% | 423% | 387% | 334% | 27% | 151% | 102% | 4.6%
1148 | 1067 | 846 | %2 | 1289 | 1688 | 1997 | 278 | 276
B i | 210 | 1500 | 162 | 219% | 1% | 336% | 6% | 6%

. | 08 o5 [ 05 [ 05 [ 05 | a5 | 47 | 32| 68
02 | 01% | 01% | 01% | 01% | 01% | 08% | 05% | 11%
g | 09| 48 | L[ 35 [ o2 [ @9 | w6 [ 103 | 1247
02% | 10% | 34% | 65% | 95% | 123% | 152% | 182% | 211%

B 07 | 16 | 51 | 156 | 374 | 510 | 625 | 741 | 861
T 0o | s | oom | 260 | 62 | 85w | 105% | 125% | 146%
e | 93 | 164 | 214 | 213 [ 283 | >z | 2 | »m2 | 2
AW 019 | 33% | 38% | 41% | 43% | 42% | 42% | 43% | 43%
oy | 527 [ o0sa [l | see2 [ aad [0t | sea7 | o0 [ 500
1000% | 1000% | 1000% | 1000% | 1000% | 1000% | 1000% | 1000% | 1000%

2271 o] g Aloko] gl wlol ekl Alutel el A of
Ay = A o §AxT PP Ak R}
of e Avolth = wtus Fo wdere] Frle] wal Ha
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Al 2 2 JVeEY AuEle 2445

1 2ddd AnE® 74

SATERG) FFA E Aloke] gl | AR Al <l Ho]
2kl Al e (vl e 1), AldEle 2, 39 Adugd TS
217.8GW2 FYdslth. BECCU Z%lo] ¢l Aldgle 2% Alvd
Q17 HHAH AHy] Ao T3, Power to gas 7]&E°] o
P 2gEy, dd 7lE25E Qi Ast 71Ee] dAvks 2
2

M ALH= He Asrstd Aluele 39 Av] FAE Fdst

kv

i E Stk
2DS Ax2E 9%t 247k 5 Aok (20149 thb] 56%
%) Ayg e AvEe 4, 5, 694 F AugFe 77
298.4GW, 233.3GW, 287.8GW=E H|o]~gkl Ajvhg] e oiv] z+z}
80.6GW, 15.5GW, 70GW?e] zfo|7} . 53] 247~ 45 A
°F glof CCU 7l&FAol flv Aluele 49 A 71 & Anl&
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124 124 124 124 124 124
A7

5.7% 5.7% 5.7% 4.2% 5.3% 43%

8.8 8.8 8.8 8.8 74 838
gk

41% 41% 41% 3.0% 3.2% 3.1%

17
BECCU
0.7%

37.0 37.0 36.8 416 417 40.2
LNG

17.0% 17.0% 16.9% 13.9% 17.9% 14.0%
to gas 0.1% 0.6%

11.9 11.9 11.9 5.8 5.2 5.8
7

5.5% 5.5% 5.5% 1.9% 2.2% 2.0%

93.7 93.7 93.7 148.6 105.3 141.2
21

43.0% 43.0% 43.0% 49.8% 45.1% 49.1%
e 46.9 46.9 46.9 74.3 52.7 70.6
o 21.5% 21.5% 21.5% 24.9% 22.6% 24.5%
5 7.0 7.0 7.0 7.0 7.0 7.0
A 3.2% 3.2% 3.2% 2.3% 3.0% 2.4%
i 217.8 217.8 217.8 298.4 233.3 287.8
.

100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
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o EYAAGl et sk Aot whebA efFd
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el 3 A AEe 2DS Ayg|
e ALl | AlYEle2 | AlUgle3 | AYEled | AlYEes | Al
92.5 92.5 92.5 92.5 92.5 92.5
|47
15.7% 15.7% 15.7% 14.2% 15.4% 14.4%
21.2 21.2 271.2 11.3 9.6 10.9
ek
4.6% 4.6% 4.6% 1.7% 1.6% 1.7%
BECCU 136
2.3%
NG 227.6 227.6 225.8 181.0 213.9 172.9
38.6% 38.6% 38.3% 271.7% 35.6% 26.9%
Power 1.8 14.5
to gas 0.3% 2.3%
.o 6.8 6.8 6.8 8.7 8.7 8.7
arIT
1.15% 1.15% 1.15% 1.34% 1.45% 1.36%
Bjora 124.7 124.7 124.7 197.7 140.2 187.9
21.1% 21.1% 21.1% 30.3% 23.4% 29.3%
_ 86.1 86.1 86.1 136.5 96.7 129.6
o 14.6% 14.6% 14.6% 20.9% 16.1% 20.2%
7 25.2 25.2 25.2 24.9 24.9 24.9
Az AY 4.3% 4.3% 4.3% 3.8% 4.2% 3.9%
3 590.0 590.0 590.0 652.7 600.2 642.0
100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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i 17,751 725 | 44736 | 28934 | 92,145
AR 1634 213 | 1,174 287 3,308
Ae 357 65 936 660 | 2,069
NG 4,689 210 | 1,180 | 19,820| 25899
AgeEe [ ow 240 30 183 1431] 1834
4 EEE 14,413 ~ 52,446 ~ | 66,859
B 1,932 ~| 11,576 — 13,507
EREE 793 107 883 | 1430 | 3212
3 24,058 624 | 68428 | 23,628| 116,738
A7 1,634 213| 1,174 287 3,308
EE 316 5 936 51| 1918
NG 4713 244 | 1181| 23119| 29,257
Aule. | 218 30 177 1431 1,85
: ERE 10,218 ~ 37,180 “ 47,398
Ze 1,369 ~| 8,206 ~| 9576
EREE 793 107 83|  1430| 3212
BECCU 21| 1153 571 - 193
i 19472 | 1801| 50,359 | 26,827 | 98459
AR 1634 213 | 1,174 287 3,308
Ae 357 63 936 640 | 2,047
NG 4528 201 | 1193 | 18964 | 24,834
X1 240 30 183 1431] 1,834
AdEe [ gusr 13,692 — 49,824 63,516
6 4 1,835 -1 10,997 12,832
EREE 793 107 883 | 1430 | 3212
Po‘gg o 520 16 7 -1 1253
3 23,599 629 | 65957 | 22,751 | 112,936
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Abstract

The Analysis of Economic Effects of New
Energy Technologies for Variable Renewable

Energy in Power Generation Sector

—Focusing on BECCU, Power to gas

technologies—

Hyejin Lee
Dept. of Agricultural Economics and Rural Development

The Graduate School

Seoul National University

Since the Paris Agreement on Climate Change in 2015,
countries are accelerating the expansion of renewable energy
to reduce greenhouse gas emissions. Korea recently
announced plans to increase the proportion of renewable
energy power generation to 20% in 2030 under the 8th
Basic Plan for Long—term Electricity Supply and Demand and
to 30% ~ 35% in 2040 under the Third Energy Basic Plan.
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By 2030, the installed capacity of renewable sources would
increase to 58.5GW with the growth mainly coming from
solar and wind power. However, solar power and wind power
are dependent on weather conditions and can be fluctuating
at multiple time—scales. Therefore, there are growing
concerns regarding stability of system operation and surplus
electricity generated from renewable sources exceeding
electricity demand. As the share of renewable energy
generation increases, this issue intensifies. In addition to
existing LNG power, hydroelectric power, and pumped
storage power generation, there is a growing need for new
flexible measures and even flexible operation of coal power
plants are being considered. Considering that the life span of
power generation facilities is usually 20 years or more, the
impact of the expansion of renewable energy systems should
be carefully examined prior to the establishment of the
long—term energy supply and demand plan.

In order to overcome this issue, this study first
estimates amount of flexible deficit of the power system in
2030 and 2040, considering the variability and uncertainty of
renewable sources. In addition, required flexible capacities
are estimated from existing electricity generation sources
which finally determine the total amount of electricity
generation. To that end, the surplus power generation

amount was estimated by comparing total determined
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generation amount, which is capable of coping with the
flexible capacities, and electricity demand. To quantify
variability and uncertainty of renewable sources, hourly
measured MGO (metered generation output) data over the
past three years were utilized. For more reliable calculation,
a few scenarios were made in order to come up with as the
merit order of the existing power plants and the operating
behaviors of the thermal power plants. As a result of
calculating the amount of surplus power exceeding the final
power demand by time, a considerable amount of surplus
power 1s I1dentified. This suggests the need for additional
flexibility resources in Korea. In this respect, this study
examined two CCU technologies that can be used as flexible
measures which can contribute to addressing issues of
surplus power.

In order to examine the effect when these technologies
are incorporated into the Korea power sector, this study
used the TIMES model. This technology based model can
reflect the hourly time series of realized Korean electricity
demand and availability of renewable sources, defines as
capacity factors over time. The baseline scenario reflects the
renewable energy enlargement plan announced so far. And
by adding the 2° C reduction as a constraint, emission
limitation scenario is also defined. In the baseline scenario,

the adoption of the two CCU technologies was either not
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identified or insignificant, but in the scenario with the 2° C
reduction constraint added, two CCU technologies were found
to contribute significantly to lowering the cost of the overall
system. This 1is because CCU technology can produce
additional energy utilizing electricity surplus, enabling thermal
power generation without greenhouse gas emissions. And
this function can supplement high levels of intermittent
renewable energy, therefore CCU technologies could
contribute to greatly reduce the total capacity of the
electricity generation to cope with the same electricity
demand. These results demonstrate the role of load transfer
through the seasonal energy storage function of CCU
technology.

The results of this study show that the diversity secured
from different power generation technologies contributes to
the cost effective reduction of greenhouse gases through
complementary relationships in the electricity market. In
addition, considering that even high costs of CCU technology
used in the analysis resulted in the positive results in the
whole electricity system, flexible measures need to be
evaluated through the entire system rather than the
economics of the technology itself. This study is different
from the previous studies in that it examines the economic
effect of CCU technology as a flexible measure using a long

term energy model that can accommodate the fluctuating
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nature of renewable energy. The findings of the analysis and
implications could be used to establish a long term energy

supply and demand plan.

Keywords : Variable renewable energy, TIMES Model, flexible

resources, CCU technology
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