i

DECADES Z==3 & &8st Axdolx|
& 53A-5-4

ojmaor Eu 24

An Analysis of Renewable Portfolio Standard Impact
using DECADES Program
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Abstract - This paper analyzes the environmental impact and economic effect of introducing the Renewable Portfolio
Standard (RPS) into Korean electricity market using the DECADES (Database and Methodologies for Comparative
Assessment of Different Energy Source for Electricity Generation) model, a comparative assessment tool developed by
IAEA. A bottom up approach is adopted for the evaluation of air pollutant emission and its impact of several RPS
scenarios. The environmental damage costs of RPS scenarios are evaluated based on the Extern-E results and Thailand
externality study carried by EGAT. The results of this study can be applied in determining or analyzing the national

electricity policy and energy policy.
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Fig. 1 Analysis Procedure
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® 1. 20159 AAAAARA 2R gddujgd HHdudiote] WAk
Table 1. 2015year Optimal alternative generations of RPS scenarios
(&9 : GWh)
o|fHig =g EapNE= [oE SHE 0il LNG AT A &t
RPS 0% 130,920 2,012,247 1,564,932 447,298 228,783 863,485 0 5,247,665
RPS 0.1% 130,920 2,012,117 1,562,653 446,240 228,750 861,650 5,250 5,247,580
RPS 0.5% 130,920 2,010,769 1,553,067 445,477 228, 166 852,748 26,248 5,247,395
RPS 1% 130,920 2,008,949 1,540,607 444,034 227,589 842,375 52,495 5,246,969
RPS 2% 130,920 2,004,737 1,515,186 442,681 225,937 821,553 104,990 5,246,004
RPS 3% 130,920 2,02,7123 1,484,774 423,883 222,951 797,701 157,485 5,244,837
RPS 5% 130,920 1,990,750 1,446,894 418,125 219,862 772,624 262,475 5,241,650
X 2. AR 5 gF v Ed FHOAEE WEF
Table 2 Air pollutant emissions of RPS scenarios
(29 1 18
ALIZI2 SOx NOx Particulate €02

RPS 0% 9,835 492,642 100,528 1,751,189

RPS 0. 1% 9,831 491,640 100,056 1,749,248

RPS 0.5% 9,793 488,425 99,865 1,739,275

RPS 1% 9,743 484,472 99,041 1,727,253

APS 2% 9,619 477,151 98,041 1,701,979

RPS 3% 9,399 461,860 95,636 1,668,197

RPS 5% 9,159 451,274 93,642 1,630,760
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&% u 9oy o gBo gF A7 ZAHS Extem-E ZE
AE Ao H9 ol Yo B AFIME o)F o] &F B
AGgu g AN W52 FAEA FATHE) B =24
t Extern-E Z2AEQ +3A7e g HAH(EGAT)Y

3E 3. 329 §Hggn &
Table 3 Environmental damage costs of Korea
(a9 - AY/E)

§AGeu & ATAAE o &5 EF FAHuLE A& Extern-E Z2HE 2 HE
Ach 8FLGBAA 2P Yo RE AFAA FUA on high
HEddE 713 3ol 259 AlHAT ZH(E IQE AHE
% & QAR B =2AE ez a49%d o 48 Sox 4,750 8,136
ejapZdo] T2 AT By QFGER wEZY FHH] o) Nox 5,508 9,041
1212 PPPGDP(Purchasing Power Parity GDP)o] H]&l&t=
‘ _ Part 8,242 16,513
Aoz 7HRSRY. 25dEP e 4259 FUtd wWE 3
9% Blge 37k A5G Agel dF WP EAS EGAT X372 HE
Z7h E: AITH FAIRY BAFPu Ll AUHA Korea on high
2 sl v RE WAy 43 Ageldh At A4
o % RHE AL W oAFEE B ATIAE Bed Sox 153 823
A PPPGDPl ®l#isls, & ro] 19 A2 /M3t A Part 1,912 14,099
g8 ¥4e g 2o
X 4. Extern-E 74 - 33gt 8 A oo g8 FRGYu L
Table 4 Environmental damage costs of RPS scenarios based on Extern-E
(39 39
Statat A AEIgt HgA
oRHIE g A
SOx NOx Part Sox Nox Part
RPS 0% 467 27,136 8,285 35,888 800 44,541 16,600 61,941
APS 0. 1% 467 27,080 8,246 35,794 800 44,451 16,522 61,773
RPS 0.5% 465 26,903 8,231 35,599 797 44,160 16,490 61,447
RPS 1% 463 26,686 8,163 35,311 793 43,803 16,354 60,950
RPS 2% a57 26,282 8,080 34,819 783 43,141 16, 189 60,112
RPS 3% 446 25,440 7,882 33,768 765 41,758 15,792 58,315
RPS 5% 435 24,857 7.718 33.010 745 40,801 15,463 57,009
® 5. EGAT 743 4 - gt HEA o Fujgd §439Yu &
Table 5 Environmental damage costs of RPS scenarios based on EGAT
(29 - 3494
stetat MgAl A5tgt HEA)
o|RHIg A [
Sox Nox Part Sox Nox Part
RPS O% 15 0 1,922 1,937 81 0 14,173 14,254
RPS 0.1% 15 0 1,913 1,928 81 0 14,107 14,188
RPS 0.5% 15 0 1,910 1,925 81 0 14,080 14,160
RPS 1% 15 0 1,894 1,909 80 0 13,964 14,044
RPS 2% 15 0 1,875 1,889 79 0 13,822 13,902
APS 3% 14 0 1,829 1,843 77 0 13,483 13,561
RPS 5% 14 0 1,791 1,805 75 0 13,202 13,278
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X 6. Extern-E #7930 8 4 - 51dgt A o En gy Ful g
Table 6 Total costs of RPS scenarios based on Extern-E
(24 : 394)

shetat HBA arstat HEA
ARHE | suun g:ﬂh;"; SHE |2TYISO | EHIS |MSHUX a“:ﬁ:% WsHig |B2H80 | BHI8
HBO |yoo | O@ [(ARHIB) |0k | HIBO |yoo | ©@ |(2RHIE) |90
RPS O% 841 . 841 35.888 | 36,720 | 8al - 8t 61,941 | 62,782
RS 0.1% | 842 2 846 | 35,79 | 36,640 | 82 4 86 | 61,773 | 62,619
S 0.5% | a2 21 863 | 95,59 | 96,462 | 84 21 863 | 61,447 | 62,310
APS 1% 846 2 88 | 95,311 | 36,19 | 8 @ 886 | 60,950 | 61,838
APS 2% 854 8 59 | 34819 | 5,78 | 84 85 %9 | 60112 | 61,051
RPS 3% 867 27 | 994 | 33768 | 3762 | ser 127 | 994 | 58,315 | 59,309
RPS 5% 841 212 | 1,058 | 33,000 | 32,06 | 84 212 | 1.084 | 57,000 | 58,063

1 7. 0= EGAT #3930 & 4 stdst 484 gFu8d Fu &
Table 7 Total costs of RPS scenarios based on EGAT
(¢4 Hd9)

et REAI @z "8Al
ASYIE mgyux :Iz:i USHE (2208 | U8 |dsHUX ;;ﬁi WU |2FHE® | BHIS
HED | oo | DR |(ARHE) |00 | HSO | oo | D |(ARHIE) |0H0H0
RPS 0% 841 - 841 1,937 2,778 841 - 841 14,254 15,095
RPS 0.1% 842 4 846 1,928 2,774 842 4 846 14,188 15,034
RPS 0.5% 842 21 863 1,925 2,787 842 21 863 14,160 15,023
RPS 1% 848 42 888 1,90 | 2,797 846 2 888 14,004 | 14,932
RPS 2% 854 85 939 1,889 2,828 854 85 939 13,902 14,840
RPS 3% 867 127 994 1,843 2,837 867 127 994 13,561 14,555
APS 5% 841 212 1,054 1,805 2,858 841 212 1,054 13,278 14,331
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X 8. v 8AARY A
Tabel 8 Cost benefit analysis results

(29] : 4, %)

Extern-E B EHIZ HE A
ofdIg stetat A asigt M8

HE ) ma/dlg HE By Hol/ul &
RPS-0.1% 5 94 17.30 5 169 30.98
RPS-0.5% 22 267 12.09 22 494 22.38
RPS-1% 47 530 11.19 47 992 20.94
RPS-2% 98 971 9.93 98 1829 18.70
RPS-3% 153 1966 12.84 163 3626 23.68
RPS-5% 213 2665 12.53 213 4932 23.18

EI= EGAT S HEA
oRHIg Sietgt g At g

HiE Hoy Eo/UIB H2 my Ha/HIg
RPS-0.1% 5 9 1.66 5 67 12.21
RPS-0.5% 22 13 0.58 22 94 4.25
RPS-1% 47 29 0.60 47 210 4.44
RPS-2% 98 48 0.49 98 352 3.60
RPS-3% 153 94 0.62 153 693 4.53
RPS-5% 213 133 0.62 213 976 4.59
(267] 1z E8
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% 3. Pareto Dominance Test 23}
Fig. 3 Pareto Dominance Test result

19 4 Outperformance Test 23}
Fig 4 Outperformance Test result
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