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Scenario Analysis of Low-Carbon Generation Mix Considering Social Costs
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(Jong-Bae Park - Young-Tak Cho - Jae Hyung Roh)

Abstract - This study organizes scenarios on the power supply and demand plans considering the uncertainties and the
portion of distributed energy resources. In analysing the scenarios, it estimates total electricity supply cost in the social aspect,
natural gas demand and air pollutants emission including carbon dioxide. Also the analysis is performed to estimate the
marginal cost of carbon dioxide reduction for the fuel switching from coal to liquified natural gas. In result, the social cost
could be decreased by replacing some portion of renewable energy by LNG-based combined heat and power and delaying the
construction of large base-load generators such as coal and nuclear plants. The marginal carbon dioxide reduction cost by fuel
switching is in plausible range for fuel switching to be an option for carbon dioxide emission reduction when the social cost

is considered.
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Fig. 1 CO, emission in each scenario
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Table 2 Levelized cost of generation (low external cost case)

Nuclear Coal LNG CHP
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Fig. 2 Total cost and its components in fuel switching
scenarios (low external cost case)
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Fig. 3 Total cost and its components in fuel switching
scenarios (high external cost case)
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Table 3 Levelized cost of generation (high external cost
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Table 4 CO, marginal reduction cost (low external cost

case) case)
Nuclear Coal LNG CHP
[KRW/kWh] CO, Total |Fuel Cost COy CO;
1400MW 1000MW 900MW 400MW Reduction | _ Cost Increase | Increment | Incremental
TAH] ot} 4132 20.37 13.67 2947 Year [1000 Increase (Bill al Cost | Fuel Cost
[Billion HIon | 'Won/CO; | [Won/CO,
ogH o} 48 32.30 77.34 78.67 Ton] Won] Won] Ton] Ton]
ogH] M= _
1__‘?17:]7;‘] Jk= 1255 493 0 0 2017 16,822 7 873 4,556 51,899
<o 2018 | -15,879 67 822 4,209 51,788
STRES 2.33 0.72 0.38 0.26 2019 -17,078 423 1,226 24,751 71,800
B 0 26.69 11.29 10.16 2020 | -11,819 250 799 21,122 67,575
71291l 0 27.38 10.98 8.21 2021 -32911 486 2,113 14,768 64,216
[T 1201 0 0 0 2022 | -29577 | 200 | 1663 | 6,770 56,233
SAT Hg 394 384 278 278 2023 | -29,117 541 1,984 18,592 68,140
SAEANE 166 174 0 0,84 2024 | -27494 596 1,969 21,659 71,611
SRR 0 0 0 779 2025 | -25,625 479 1,758 18,679 68,616
1 = - : 2026 | -35877 | 680 2,501 18,960 69,722
s & 861 11799 | 11645 | 11092 2027 | -38321 | 661 | 2617 | 17253 | 68279
2028 | -39,052 642 2,634 16,437 67,439
e 2029 | -39980 | 573 | 2611 | 14323 | 65301
00 1 g -217,658 436 1,813 15,545 64,817
600000 A | -359,552 5,673 23,570 202,079 842,617

500,000

400,000

300,000 1

200,000 +

CAPEX Fuel Cost ‘ o%eg total
[mss | 109,467 | 237,16 [ 175,387 | 522670
w31 109,467 | 204833 | 169873 | 526173
uss 875% 251651 175641 S16841
[mssa1] 8758 T 266271 ] 164,481 | 518300

Jd 4 Asdg AU ABIA EHIg HIg 74 (U2
QIFHIE)

Fig 4 Total cost and its components in fuel switching
scenarios (low external cost case)
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Fig. b Total cost and its components in fuel switching
scenarios (high external cost case)
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Table 5 CO, marginal reduction cost (high external cost

case)
0 Total Fuel CO, CO,
° cost cost incremental | incremental
reduction | . .
Year [1000 increase | increase cost fuel cost
Ton] [Billion | [Billion | [Won/CO; [Won/CO;
Wonl] Won] Ton] Ton]

2017 | -16,822 -388 873
2018 | -15,879 -384 822

-23,040 51,899
-24,155 51,788

2019 | -17,078 408 1,226 23,865 71,800
2020 | -11,819 409 799 34,605 67,575
2021 | -32,911 111 2,113 3,367 64,216
2022 | -29,571 -23 1,663 -774 56,233
2023 | -29,117 374 1,984 12,846 68,140
2024 | -27494 482 1,969 17,538 71,611
2025 | -25,625 367 1,758 14,338 68,616
2026 | -35877 326 2,601 9,074 69,722
2027 | -38,321 267 2,617 6,963 68,279
2028 | -39,062 257 2,634 6,586 67,439
2029 | -39,980 184 2,611 4,593 65,301
"ot | -27,658 184 1,813 6,600 64,817

Al | -359,552 | 2,390 23,570 85,806 842,617
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Fig. 6 LNG demand in each scenario
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