The Transactions of the Korean Institute of Electrical Engineers Vol. 61, No. 7, pp. 957 ~965, 2012

IS 7{2iMIE n2fet

roh

T

http://dx.doi.org/10.5370/KIEE.2012.61.7.957

A=l 2ot A

A Study on the Power Expansion Planning Model Considering the Emission Trading

tF B -7

ur &'
=

%

(Jung-hwan Ahn - Balho H. Kim)

Abstract -

Korean government has been preparing the introduction of Emission Trading as part of the framework

convention on Climate Change as a relief of negative downstream effect over electricity industry.
This paper develops a mathematical model amenable to analyzing the economic impact of introduced emission trading
system on the national generation expansion planning. The developed model was also employed with a case study to

verify its applicability.
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- RE 2" A9l ¥3+= 3 ZX(one-node system)oll
AA= ot

- A7 15 75 %/ o},

e
£ Apg e
- AFFANE LNG, 4, A", 449l
S Wz BuE B 5o gae nded el

)

- WA A& AP Over-night Cost® AlAFgt)
A ddE COo2 MEASTY 1Ay, AATLYS 1 13 2

E 1 wnedY A

Table 1 Input data of power generation sources

w2 g 2 LNG = A ek A==
wl & Al 4=
0.125 0.215 0.425 0.009
(t-CO2/MWh)
A4 84 1254 1134 4840
7 :
(10° won/MW)
A 20 30 30 40
F.OR(%) 4.43 4.65 3.67 9.30
- A=Y HUFoT ASA AYMNEIEAFY VEEe
8 AR AAAAUA oA} Hko| A oFAE

W gkol T8l

7 2 A =5

Table 2 Annual peak demand
Year Peak Load(MW)
2010 67,075
2011 69,508
2012 70,956
2013 73,773
2014 76,150
2015 78,513
2016 80,995
2017 82,556
2018 85,093
2019 86,309
2020 88,154
2021 89,756
2022 91,373
2023 93,006
2024 94,530
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Table 3 Annual possible construction number of candidate
power plant

L: LNG, O: Qil, C: Coal, N: Nuclear

F 55 WASPS 7 ey e HF(FAds)E
Ehdl Aol

® 5 WASPet it MAtZ s ol £ Bal(AxY FHof=)

e HirAn A A A A 755 Table 5 Final result of WASP and developed model(Annual
L 0 C N L 0 C N cumulated number)
2010 | 0 0 0 0 4 1 4 6 e WASP T AN
e e e Bl B I W
2013 | 0 0 0 3 5 1 5 9 2010 | 0 3 3 3 0 3 3 3
2014 | 0 0 0 4 5 1 5 10 ;8}; (2) ‘2 ‘2 2 (2) i Z 2
2015 | 0 0 0 5 5 2 6 11 : .
20610010 616 ] 2 | 6| 12 20131 2 | 4 14141214144
007 0] 0 0| 7 6 2 7 | 13 2014 3 | 4 | 5 ] 5|3 ] 4]5]5
018 0| 0o | 0| 8 6 2 7 | 14 2015 | 3 4 | 51613141516
2009 0 | 0o | o 9 7 2 3 15 2016 | 4 4 6 | 7141 4]6 |7
2020 | © 0 0 10 7 3 3 16 2017 | 4 4 6 3 4 4 6 3
2021 | 0 0 0 11 7 3 9 17 2018 5 4 6 9 5 4 6 9
2022 0 0 0 12 8 3 9 18 2019 5 4 6 10 5 4 6 10
2023 | © 0 0 13 3 3 0 | 19 2020 | 6 4 6 |11 | 6 4 6 | 11
2024 | © 0 0 14 3 3 0 | 19 2021 6 4 6 | 12| 6 4 6 | 12
2022 | 7 4 6 | 13| 7 4 6 | 13
2023 | 7 4 6 | 14| 7 4 6 | 14
43 =28 A3 2024 8 4 7 | 15| 8 4 7 | 15
EA AdA =909 dFS E4sE AHHATE A1Y X 62 WASPY /e dAEgEe Axd FHu84S
sh7)ell A N HAARFES HAFstaAr o AF #HA Bl Aol
> F 7HAE FESEE A AR XA B
Bl 3 HF3 SANAEY A e W fHFoltt " 6 WASPS} 7t MA@ sl 2 Zs)(dEy SMu|L)
A, FAAYHA R ASS Y8 FY3 Hu] x¥d o] Table 6 Final result of WASP and developed model(Annual
B2 Abgdle] A AaREs WASPe Azge wlae cumulated cost)
At H= WASP(10°9) MCDM(10° ¢1)
WASP: State 4 7Fs M7 5007 AEE A5 o] 9l 2010 31,270.89 31,270.88
7] wm ] AR NN A Tuurd A HaHgAA 2011 51,220.55 51,220.52
gk MR 435S 9% FRgddn H2Aqad) 2012 71,892.14 71,892.10
P ol Al =1 2013 90,311.37 90,311.30
TE I 49 Zol AAHAT: 2014 107,415.61 107,415.53
2015 122,715.30 122,715.21
i = Coya 2016 137,093.92 137,093.82
E 4 WASPH od*_ué ngﬁgﬂlgl ddzts EHT_ 2017 149,410.18 149,410.08
Table 4 Annual possible construction number of candidate 2018 161,021.81 161,021.71
power plant for WASP 2019 171,433.09 171,432.98
e HraAdg s A A7 55 2020 181,030.69 181,030.58
= Lo cIN]| L 0 C N 2021 189,708.53 189,708.42
2010 | 0 0 0 0 3 3 3 3 2022 197,682.80 197,682.69
2011 | 0 0 0 0 3 3 3 3 2023 204,866.27 204,866.14
2012 | 2 1 1 0 5 4 4 3 2024 211,431.54 211,431.39
2013 | 2 1 1 1 5 4 4 4
2014 | 3 1 2 2 6 4 5 5 WASPe| Aztel M AR Ayt dA ke s
206 3 [ 1 [ 2] 2] 6 | 4] 5[5 AuEAR S FAN S-S B & 5 olrh FAu gl A
20164 4 | 2 | 3 |41 7 |5 |6 |7 ohzte] oAzt WA AL FEaFY AN WESY
01O e T R A R SHA A71E o7k A Ee] wAsH: Ao B,
g NI NI TN IR B IO A A SANAEdl Ee AARNE
20201 | 6 3 5 9 9 6 ] 12 A 7&—?01 Ve ez EASA e SHMAE
2022 7 3 6 10 10 6 9 13 dolAd REM did HIFTE 8 wpsE 748 HAAES
2023 | 7 3 6 | 11 | 10 6 9 14 o ¥ 72 LNG dzH ©@rte] F3be wE AdusAdus
2024 | 8 4 7 | 12| 11 7 10 | 15 o] Ma= Uil Aolt}
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Table 7 Comparison of construction number due to change
in LNG's fuel cost

. LNG7] =7k LNG20%[] LNG30%[]
" |L|O|C|N|L|O|C|N|L|O|C|N
2000 [o[o |1 [6 [0]O[O |6 [0]0]|O [6
2011 [0 |0 |3 |7 |0 |O|1 [7 |0]O O [7
2012 [0 |0 |3 |8 |0 |O|1 [8 0|00 [8
2013 [0 [0 [4 |9 ][0 O[1 |9 |1]0]|0 |9
2014 [0 [0 |4 |10]0 |0 |2 |10[4 [0 |0 |10
200510105 [11]0 |0 |2 |11]6 0[]0 |11
2006 |00 |5 [12|0 |0 |2 | 12|70 |0 |12
201710 |0 |5 [13]0 |0 |2 |13]|7 |0 |0 |13
2018 10|05 [13]|0 [0 |2 |13|7]0]0 |13
2019 10 |0 |5 [13]|1 ][0 |3 |13|8 |0 |0 |13
2020 [0 [0 |5 [14]1 /0|4 |14[8 |01 |14
2021 [0 [0 |6 |14]1 /0|4 |14[8 |0 |1 |14
2022 [0 [0 |6 |15]2 0|4 |15]8 |01 |15
2023 [0 [0 |7 |16]3 /0|4 |16]/8 |0 |1 |16
2024 |0 [0 |7 |16]4 /0|4 |16]/8 |0 |1 |16
LNGH &Y 977k 71E0d e NGEE‘r H]-§ & 94
ol Mersled) fdxy el ek Au £ g A
S g9 F Uk 2y LNGO&EH] TS7p7E geld =
INGZA el oig AAlde]l EAstdA Al
LNG®z] dujd o] wst= AS &9 5 o

44 HiEH AHEI2 24

Ed =9 Alveles A AR BRech AW
A el 7 Ave ez wEd AdAE =16
e 4E, Ed AdArE =dEATE 7Pl wEd
kAol 199, 3wkel, SWhel, 7RRISl Ao e At
=" 4Ed F 67HAe AvEled Os ddAde F
s ZAolth, olmje] wjEH TdIdFe goutEo e MAs
Aok FHA AveE e WEd 2 WU dstd Qe
2 wEd 29Ee AUA AuE e 2FFe] 10%7F A
H 2evtEe 2 HAgstct

441 W EH 714 ALHz|2

X 8& wET JHAe wE AdAFe A A F
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Ix &3 714 AlLtel2e] 2 Bsi(dTE FXol)
Table 8 Final result of emission trading price scenario

(annual cumulated number)

(9% A 2%kX) 179 34l
Hx
L |]O|C | NJL|O|C|N|JL|O|C|N
2000 O |O |1 |[6J0|0O|0O[(6]J0]|0]0]|6
20010 O |O |3 |7J0(0 |0 (710|007
2012 10 |0 [3 | 80|00 [8]J0|0 |08
201310 [0 [4 9100 |1 ([9]0]01]01]9
20014 {0 |0 [4 1000 |O |1 1000 |0 |0 |10
2015 10 [0 |5 [11J0 |0 |1 [11J0 |0 | O | 11
2006 |0 [0 |5 [1200 |0 |1 1200 |0 |0 |12
2017 {0 |0 |5 [13J0 |0 |1 130 |0 |0 |13
2008 |0 |0 |5 [13J0 |0 |1 |14/0 |0 |0 |14
2009 |0 |O |5 [13J0 |0 |1 1500 |0 |1]15
2020 |0 |0 |5 [14)0 |0 |2 1600 |0 |2 |16
2021 10 |0 |6 | 1400 |0 |3 |16)0 |0 |3 |16
2022 10 |0 |6 | 1500 |0 |4 1600 |0 |4 |16
2023 10 |0 |7 |1600 |0 |6 160 |0 |6 |16
2024 10 |0 |7 |1600 |0 |7 1600 |0 |7 |16
55 aisl (FEAHA)
|

L |O|C|N|JL|O[C|IN|JL|O|C]|N
2000 O |O O |6J0|0O|O0O[6]0]|0]0]|6
2011 O [0 (O |71 |0 |O (7)1 ]|01]0]|7
2012 0 |0 [0 |81 |0 |0 |[8]1|0]0]8
2013 10 [0 [0 [9)2]0|0([9]2]|01]01]9
2014 {0 |0 [O [10)2 |0 |0 102 |0 ]0]10
2005 10 |0 [0 [11}3 |0 |0 [11]3 |0 |0 |11
2006 O [0 [0 [1203 |0 |0 [1203 |0 |0 |12
2017 O |O [O | 13}3 |0 |0 |13]3 |0 |0]|13
218 |0 [0 |0 | 143 0|0 |[14)3 |0 |0 |14
2009 |1 |0 [0 | 1503 |0 |0 1503 |0 |0 |15
202012 |0 [0 |1603 |0 |0 1603 |0 |0 |16
2021 |3 [0 [0 [17}3 |0 |0 [17/3 |0 |0 |17
2022 |3 |0 |1 1703 0 |0 [ 1813 |0 |0 |18
2023 13 |0 [2 [17}3 |0 |0 [1913 |0 |0 |19
2024 |4 |0 |3 [17}5 |0 |0 195 |0 |0 |19
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E: 9 & JHH AlLt2| 29 A Ba(AY +HH|E)

de 59 T (Ex a2 A)
Table 9 Final result of emission trading price scenario(annual 2010 80,361 80,000 80,000
cumulated cost) 2011 81,342 80,000 80,000
ohelr M 2012 80,474 80,000 80,000
ge (8 2= 7 ¢EX) 199 39l 2013 82,132 80,000 80,000
2010 42,568 41,728 41,735 2014 82,936 80,000 80,000
2011 56,506 55,773 55,804 2015 83,693 80,000 80,000
2013 81,316 81,280 80,747 2017 84,027 80,000 80,000
2014 92,892 92,463 92,048 2018 85,026 80,000 80,000
2015 103,647 102,358 102,566 2019 83,564 80,000 80,000
2016 113,149 112,537 112,372 2020 81,358 80,000 80,000
2017 121,777 121,322 121,268 2021 80,000 80,000 80,000
2018 129,779 129,482 129,545 2022 83,594 80,000 80,000
2019 137,034 136,881 137,290 2023 87,732 80,000 80,000
2020 143,528 143,685 144,152 2024 90,343 80,000 80,000
2021 148,629 149,010 149,567
2022 153,700 154,140 154,813 £ 10 W& 7H4 Avgedz Co2 ME%HS v
2023 158,608 159,122 159,944 Aow Yo A /A= CO2 ZEaH} g AL
2024 163,214 163811 164,798 sela & olvh ey WA A0l ol uheh A
= sarel 7o | (EuaeA) F wdgoR UE AVFORA CO2 MEFe] BhH
2010 41,742 41,749 41,749 = 3sE 4 T dr
2011 55,835 56,254 56,254
2012 68,667 69,058 69,058
2013 80,819 81,509 81,509 442 HIESA TEEE A|LIE 2
2014 92,162 92,786 92,786
2015 102,730 103,546 103,546 _ _ _ o
2016 112594 113327 113.327 x 11 & Y2 AlLzle zBl(zlddr +5
2017 121,537 122,186 122,186 o =)
2018 129,368 130,450 130,450 Table 11 Final result of emission trading allowance
2019 137,549 137,936 137,936 scenario(cumulated number of Final year)
2020 144,372 144,609 144,609 sy e Q0 W gH= oW =
2021 150,455 150,593 150,593 w5 4 L o C N L o C N
2022 155,501 155,937 155,937 CES59 0 0 7 I 0 0 7 I
2023 160,419 160,686 160,686 = o %"' 0 0 7 16 0 0 7 16
2024 165,188 164,922 164,922 3urel 0 0 Z 16 0 0 Z 6
59k 4 0 3 17 5 0 0 18
E 10 & 71 Aluzl2o] B (ATY CoH S it 5 10101191 8)0] 0]19
Table 10 Final result of emission trading price scenario (GraEvre]A) 5 0 0 19 8 0 0 19
(annual CO2 emission)
Etel: 1000ton E 12 BT BYY A9 HEH(EHYE, 002
= (&h2 A1 °FX) 17< 3urel w2
;8}(1) 2;;32 2(1)2461; S(l)g?é Table 12 Final result of emission tracﬁling allowance scenario
2012 81.497 80,474 80,474 (cumulated cost, CO2 emission)
2013 84,256 83,254 82,132 s S0 HHE= T2 E
2014 85,180 84,131 82,936 A 8 2] 2 H]-& CO2 A H] & CO2
2015 87,049 84,955 83,693 e (A9 €) | (1000ton) | (A=) | (1000ton)
2016 88,180 85,952 84,621 (gk2A 9FX) | 163,214 103,613 163,214 103,613
2017 87,505 85,326 84,027 19 163,810 103,613 164,262 103,613
2018 88,722 86,400 85,026 39k 164,798 103,613 166,595 103,613
2019 88,352 86,051 86,051 59k 165,188 90,343 166,947 76,405
2020 87,266 86,224 86,224 7 164,922 80,000 167,069 72,000
2021 90,308 90,308 90,308 (Fx&A) | 164,922 80,000 167,069 72,000
2022 94,413 94,413 94,413
2023 99,665 99,665 99,665 ¥ 115 E 122 28 02 S99 A geos Ao o
2024 103,613 103,613 103,613 Fo] Ag u) AU go] AAHow ZAE AL % &
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