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ABSTRACT

In Korea, energy policies are actualized through various energy-related plans. Recently,
however, as high-ranking plans, which are very vision-oriented, continually set higher
sector-by-sector goals, subordinate action plans, which require consistency, encounter
distortions in their establishment process. Also, each subordinate action plan reveals
limitations in terms of securing flexibility of the plan in responding to uncertainties of the
future. These problems pose potential risks such as causing huge social costs. In this regard,
with an aim to provide empirical evidence for discussions on improving the procedure for
developing and executing Korea’s energy plans, this study mainly analyzes the Basic Plan
on Electricity Demand and Supply—one of the most important subordinate action plans—in
order to explain the problems of the Basic Plan in a logical manner, and potential problems
that could occur in the process of sustaining consistency between the Basic Plan and its
higher-ranking plans. Further, this paper estimates the scale of social costs caused by those
problems assuming realistic conditions. According to the result, in the case of where
maximum electric power is estimated to be 7% (15%) less than the actual amount in the
Basic Plan on Electricity Demand and Supply, the annual generation cost will rise by 286
billion won and (1.2 trillion won) in 2020. Such social costs are found to occur even when
establishing and executing the Basic plan according to the target goal set by its
higher-ranking plan, the National Energy Master Plan. In addition, when another
higher-ranking GHG reduction master plan requires the electricity sector to reduce emissions
by additional 5% in the GHG emissions from the right mix in electricity generation with
‘zero’ cost of carbon emission, the annual generation cost will rise by approximately 915
billion won in 2020. On the other hand, the analysis finds that since economic feasibility of
electric powers in Korea varies significantly depending on their type, Korea is expected to
face very small potential social costs caused by uncertainties over the future price of carbon
dioxide in the process of establishing the Basic Plan.
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[Figure 1] Vertical Structure of Energy—Related Plans
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(Table 2) Comparison of (Peak) Demand Forecast Error of Each Demand—Supply Plan
Before and After Demand Side Management

Short—term Mid—term Long—term
The 3rd Long—Term Before 2.1 10.5 6.0
Plan (1995) Alter 10 6.5 37
The 4th Long—Term Before 09 2.7 1.7
Plan (1998) After 2.3 22 79
The 5th Long—Term Before 1.1 2.2 33
Plan (1999) After 28 46 10.4
The 1st Basic Plan Before 2.1 39
(2002) Alter 2.9 10.1
The 2nd Basic Plan Before 2.5 2.8
(2004) Alter 67 96
The 3rd Basic Plan Before 1.1
(2006) After 2.6
The 4th Basic Plan Before 1.6
(2008) After 0.6

Note. Short—term: 1~3 years, Mid—term: 4~7 years, Long—term: more than 8 years.
Source: KEPCO, The Plan on Long—Term Electriclty Demand and Supoly,
Ministry of Knowledge Economy, 7he Basic Flan on Electricity Demand and Supoly.

Lt HH22 oS 2RIt ALEIX HIE
AFAoE HRAEHE HERrao] g ol X4 WYY RRE ogks

sl oj= dElEIuIge] 271 oulEit okl dEsac] O oxm 9
AEA HlgoA duEaulge] FMe s et BAe] HAl ched)

N
&

ro
ok

O EAEhHogE= AAaiA(Screening Curve)lld}  F5}R|E5244(Load  Duration

9 503 A 0 Eak vk FREE 4] P wEe] 2w T a0 dh 24 AL A
How sayelagel ol BAlIY HEET B 4t glon, Fugye] B4 Eet S
S0l b 3RS 2o 4 ook B Rold Awslels AL olEAe) AR <ls) ekl
& Aleeao] djZo] Tkt Zgo el Welg AU Frks Aol

10 ofolx] WA ke AR A ARITE A Wl A 4 ) e bt
A 5 adlse gig Aol A napeks SrlaANE. daulg AUHEE 5 7led A
2o} x4, ARME} 5o AN A= A AN A shadlulg S Al
A M| 2AS 57 gAle] A AM8sIe,

65



66

Curve)12Z o]-§slo] 2|2 HAGIE A&k AARTAARIBS o] 8513t

@ B49] 71EAE= 202080]ck

® 19 8,760AIKF] AZHE Ao 2000 A% 9 A4z} AEegr|2A SR
o] 20208 HAESA(HMPLH|F 494,527GWh, HJAY 81 15IMW)E  o]&3}o],
P—Pool WF40] =0 4] WES Fofl A8kt

@ 2K, Agh INGERO] Al 1], dA=n] 5 AAK Aae Adak des
S71EA S AE 28513

® 71448 F AR FAAF 52 Riste] Azt AEegr|EAE ]
ARl 31,616MW <ol A7l F7F Z|APdele Asisleibde s o
53t

® HPea oxjo] mE At AR geo Has WA 14ET
LNGERFPA A =2t o33t

D Rl 20009 AH Hake 74.1%5 Ag3ion, oulE&e 15%5 75

o}

et

st

ool FAl] A7) AHea clEe] oxe WA A D AU A4
FrRAR] 20209 ol Kook 1392 Aslel, Tast 1% Wk oY F 71
Aueleg Agste] Hetg g SV Fskert
WA AUR AR EAR 49 4] olgE AU Hg AR (Table 37} Lok
12 olgsl] oizk 8T60ARES TR AL olgEel TR Eu|S(AY/kW-%)
< uluste INGEFEAY A4 ol8F HAH o 10%9S & 4 SUrkFigure 2
o) Ast H2), olol wet LNGEIAL] AAA SATNY FakAgEAe] waEe

[¢]

o

M AL 717 kWe] AulgaRe Zhe oxbe, Auste], INGEESE 59 bl disty o]
BE(Capacity Factor, %)°ll W2 A7F SUAREHAS LERHC

12 HS&TAE i dAwol AR AAEolAY] AgRslE Z7leoR Apidste] XY Zapidel
LZEASE s weich

13 AARAHE o 3 dwo] HR&EZAS difoR sio] zh vbddule] Azh wdnlg, & izt
R} WEH|o] FAIE HABEEE AultdS Ache 2 el

14 P-Pool =3 ul=r P-Plushfolld 7pdet AHA} AlEglold magoma] = Hgapdel 7144
g wAUS wet AedArtES e, AEegy|EAE = Al oluReE R AR
L= olgHrt

15 Hohge 4% dull uel WsliAh WstEe 37 kg AoR oldEd, A dulg w3t
Al B Hst B4 Foll ulet wiskiAgh B4R 0R 15% Wols A4 o= 7hgei)

o

BRI /2012, ||



(Table 3) Generation Cost Structure by Fuel Type (based on the 4th Basic Plan)

Variable Fixed cost (annual annuity)
cost Construction | Discount| Durable
Fuel type (fuel cost) costs rate periods O] Gos AT (G2
KRW/kWh | 1,000KRW/kW % Year [ e
—month —year
LNG(500MW) 7764 741 75 30 3.16 106
Coal(500MW) 2155 1,145 7.5 30 3.36 145
Nuclear(1000MW) 312 2122 75 40 6.65 263

Note. Fixed cost was calculated assuming that total construction costs are withdrawn equally every year.

[Figure 2] Deviation from Optimal Generation Mix Due to Demand forecast Error(7%)

Total cost(L,000 KRW/kW-year)
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(Table 4) Increase of Annual Generation Cost Due to Demand Forecast Error(7%)

Annual Generation Cost

Generation Capacity Powgr (100 milion KRW)
. Generation - -
Mix (MW) (GWh) Fixed Variable .
Cost Cost

Nuclear 31,516 276,837 82,876 8,632 91,508

Generation Coal 30,193 289352 56910 62,365 119,284
Mix D LNG 16,122 11,036 17,059 8,568 25,627
Total 86,831 577,225 156,854 79,565 236,420

Nuclear 31,516 276,837 82,876 8,632 91,508

Generation Coal 44,269 208,010 64,290 64,231 128521
Mix @ LNG 11,046 2,379 11,688 1,847 13,535
Total 86,831 577,225 158,855 74,710 233,565

Note: In the annual generation cost,

power generation.
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3
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oF 920209
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HojAo] Apdol 86,83IMWRE | == Qe ebH,

the fixed cost of each energy resource was calculated by multiplying
the annual cost of each energy resource of (Table 3) by the amount of capacity. The variable cost
was calculated by multiplying the variable cost of each energy resource of (Table 3) by the amount of
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(Table 5) Increase of Annual Generation Cost Due to Demand Forecast Error(15%)

Annual Generation Cost
Generation Capacity Geigg;;n . (100 million KRW)
Mix (M) (GWh) Fxed |y ariable Cost|  Total
Cost

Nuclear 31516 276,837 82,876 8,632 91,508

Generation Coal 39,193 311,759 56,919 67,194 124,113
Mix @ LNG 22,615 31,786 23928 24,679 48,607
Total 93,324 620,382 163,723 100,505 264,229

Nuclear 31516 276,837 82,876 8,632 91,508

Generation Coal 49,935 340,989 72519 73,494 146,014
Mix @ LNG 11,873 2,556 12,563 1985 14,547
Total 93,324 620,382 167,958 84,111 252,069

Note: In the annual generation cost, the fixed cost of each energy resource was calculated by multiplying
the annual cost of each energy resource of (Table 3) by the amount of capacity. The variable cost
was calculated by multiplying the variable cost of each energy resource of (Table 3) by the amount of
power generation.
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(Table 6) Procedure of Reflecting GHG Emission Cost to Fuel Cost

Coal(500MW) | LNG(500MW) Remarks

Carbon Emission unit Price(KRW/C—kg) 17 a

001000k osoes | 07545 0

Heating Value Factor(kcal/kg) 5873 13,032 Cc

Carbon Emission Cost(KRW/Gcal) 12,128 6,774 d=aXb+cX106

Heat Rate(kcal/kwh) 2,061 1,636 e

Rate of loss—of—site power(%) 43 11 f
Increment of Fuel CostKRW/kWh) 26.12 11.21 g=d X e~ (1—(1/100))+-106

Note: Carbon emission unit price(KRW/C—kg): 32,000KRW/COqton = 117,333KRW/Cton = 117KRW/C—kg
Source: Internal Data of Korea Power Exchange.
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(Table 7) Generation Cost Structure by Fuel Type After Reflecting GHG Emission Cost

Coal(500MW) LNG(500MW)
Scenariot |Scenari02|Scenari03 Scenariol |Scenari02 |Scenari03
Annual fixed cost(KRW/kW—year) 145 106
Actual fuel cost(KRW/kWh) 2155 77.64
Carbon emission cost(KRW/kWh) - 26.12 40.86 - .21 17.53
Total fuel cost(KRW/kWh) 21.55 4767 62.41 77.64 88.85 95.17

Note: Numbers were calculated based on the 4th Basic Plan on Electricity Demand and Supply.

[Figure 3] Power Generation Cost with Capacity Factor of Each Scenario
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(Table 8) Adequate Facility Capacity, Amount of CO, Emission and Annual Cost by Scenario

(Unit: MW, milion COg9—ton, 100 milion KRW)

_ Fixed Generation Emission Emission Total
Capacity Cost Fuel Cost Cost Amount Cost Cost
@) (@) (®+@)
Nuclear 31,516 86,372 8,632 95,504 - - -
Scenariof Coal 39,311 59,655 56,125 115,781 203.9 - -
LNG 10,324 11,045 1,726 12,771 0.8 - -
Total 81,151 157,573 | 66,484 224,057 204.7 = =
Nuclear 31,516 86,372 8,632 95,504 - - 95,504
Scenario? Coal 38,509 58,439 | 55,952 114,391 203.3 65,062 179,453
LNG 11,126 11,903 2,350 14,253 11 336 14,589
Total 81,151 157,214 66,935 224149 204.4 65,398 289,547
Nuclear 31,516 86,372 8,632 95,504 - - 95,504
Scenariod Coal 37,653 57,140 55,718 112,858 202.5 101,233 214,091
LNG 11,982 12,819 3,194 16,013 14 na 16,727
Total 81,151 156,831 | 67,544 224,375 203.9 101,948 326,322
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(Table 9) Social Cost Due to Forecast Error of Future CO, Price

(Unit: 100 milion KRW)

. Actual
Carbon Emission Cost (KRW/CO,ton)
32,000 50,000
0 0 20 94
Forecast 32,000 92 0 11
50,000 318 74 0
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(Table 10) Power Demand Forecast of the 4th Basic Plan on Electricity Demand and
Supply and National Energy Basic Plan

(Unit: GWh)
2010 2020
Demand Before
Basic Plan on Electricity Demand Side Management 4208 AL
Demand and Supply Demand After
Demand Side Management 425,764 LM
) . Baseline Demand 404,650 510,464
National Energy Basic Plan
Target Demand - 471,709
Deviation Before Demana Side 6.2% 6.7%
) " Management-Baseline Demand
(Basic Plan on Electricity -
After Demand Side
Demand and Supply . 5.2% 0.2%
) . Management-Baseline Demand
— National Energy Basic -
Plan) After Demand Side _ 85%
Management-Target Demand :

Source. Korea Power Exchange (2008), The 4th Basic Plan of Electricity Demand and Supply(draft); National
Energy Council2008), The 1st National Energy Basic Plan.

[Figure 4] Overview of Generation Capacity Expansion Plan of the 4th Basic Plan on
Electricity Demand and Supply

Baseline —_—
Demand ; 1
Demand
Uncertainty
Target i v
Demand C‘ LNG 2 units(1,000MW)
. . Coal A
Coal 5 units(5,000MW)
27](2,000MW) B
A
B Muclear Nuclear
67(8,400MW) 6 units(8,400MW)

Note: A, B, C refer to capacity needs, adequate capacity, and reserve capacity, respectively.
Source: Ministry of Knowledge Economy(2008), The 4th Basic Plan on Electricity Demand and Supply.
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(Table 11) Consistency Factor

Power demand GHG emission amount

@ Baseline GHG emission amount
(Generation amount of each energy resource)

@ Target GHG Emission Amount
(Generation amount of each energy resource)

BAU of power sector | (D Baseline demand
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(Table 12) GHG Emission Factor of Each Energy Resource (as of 2008)

Anthracite | Bituminous | Heavy Oil GT CCGT
Emission Factor (COyton/MWh) 1.0176 0.9503 0.7707 0.5740 0.4037

Source. The Korean Federation of Science and Technology Societies(2010), (Table 4).

(Table 13) Change of Fuel Cost of Each Energy Resource

(Unit: KRW/kWh)

Period Nuclear Bituminous Anthracite Qil LNG
2009 3.21 44,55 70.15 138.94 12.72
2008 3.1 32.27 73.62 156.29 121.92
2007 3.09 20.31 60.52 98.42 82.89
2006 3.14 19.71 59.86 96.83 82.1

2005 3.22 21.33 54.4 78.03 68.11
2004 3.26 19.46 49,35 66.88 61.02
2003 3.38 12.72 4883 63.67 58.91
2002 3.54 14.5 44.52 53.18 54.92
2001 3.54 14.59 46.78 56.97 63.31

Source. Electric Power Statistics Information System (EPSIS), http://epsis.kpx.or.kr/
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(Table 14) Adequate Facility Capacity, Generation Cost and CO, Emission Amount When
100,000 KRW/CO,ton is Applied

(Unit: MW, milion CO4yton, 100 million KRW)

GHG emission cost Capacity Fixed cost | Fuel cost Gencirsattlon Emlsjl;n
Nuclear 31516 86,872 8,632 95,504 -
Coal 39,31 59,655 56,125 115,781 2039
- LNG 10,324 11,045 1,726 12,771 0.8
Total 81,151 157,573 66,484 224,057 204.7
Nuclear 31516 86.872 8,632 95,504 -
100,000 Coal 30,383 46,107 51,071 97179 185.6
KRW/CO5ton LNG 19,252 20,597 19,931 40528 89
Total 81,151 153,576 79,635 233211 194.5
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(Table A—1) Generation Cost Structure by Fuel Type based on the 5th Basic Plan on
Electricity Demand and Supply

; Fixed cost (annual annuity)
U0 be Construction | Discount Durable
Fuel type fuel cost) costs rate periods O&M cost AT BE
KRW/KWh | 1,000KRW/kW % Year 1.000KRW/KW | 1,000KRW//kW

—month —year

LNG(500MW) (2%9-72/) 810 65 0 386 (712)%/)
Coall500MW) (9‘(22'2%” 1338 65 0 379 m@/)
Nuclear(1000MW) (Oi;()) 2486 65 40 761 (1%0)

Note: The numbers in parathesis show the rate of increase in the 5th Basic Plan on Electricty Demand and
Supply compared to the 4th Basic Plan.

(Table A-2) Comparison of Replaced Amount in Facilty Capacity and Generation
Due to (Peak) Demand Forecast Error

Demand Forecast Error 7% Demand Forecast Error 15%

Capacity Generation Capacity Generation Amount

Replacement(MW) Replacemen(GWh) Replacement(MW) | Replacemen(GWh)

(Coal—LNG) (Coal—LNG) (Coal—LNG) (Coal—LNG)

The 4th Basic Plan 5,076 8657 10,742 29230
The 5th Basic Plan 5,498 8041 11,781 25838
Differentials 422 —616 1,039 -3392
(rale of increase) (8.3%) (=7.1%) (9.7%) (-11.6%)

(Table A-3) Comparison of Increment of Annual Generation Cost Due to (Peak)
Demand Forecast Error

Annual generation cost
Generation (100 milion KRW)
Mix Demand Forecast Error 7% Demand Forecast Error 15%
The 4th Basic Plan|The 5th Basic Plan|The 4th Basic Plan|The 5th Basic Plan

Nuclear 91508 100,728 91,508 100,728
Generation Mx® Coal 119,284 218300 124,113 230,424
LNG 25,627 30,233 48,607 56,340
Total 236,420 349,261 264,229 387,492
Nuclear 91508 100,728 91508 100,728
Generalion Mx® Coal 128521 230,579 146,014 260,377
LNG 13535 15,959 14,547 17152
Total 233565 347,266 252,069 378257

Differentials (rate of increase) 2,855(1.22%) 1.995(0.57%) 12,160(4.82%) 9,235(2.44%)

g7 |2A12e| Hetdot ASIA HIE 87
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(Table A-4) Adequate Facility Capacity, Amount of CO, Emission and Annual Cost
by Scenario (based on the 5th Basic Plan)

(Unit: MW, milion CO9—ton, 100 milion KRW)

Generation Emission Emission Total

Capacity |Fixed cost| Fuel cost cost i cost cost
@ [*™] @ | @

Nuclear 31516 92,082 8,046 100,728 - - 100,728

Seenariof Coal 47026 75,945 128,562 204,506 2353 - 204,506
NG 10,683 12,122 2,793 14,915 0.9 - 14,915

Total 89,225 180,149 | 140,000 320,149 236.2 = 320,149

Nuclear 31516 92,082 8,046 100,728 - — 100,728

Seenario? Coal 45 831 74,015 128,056 202,071 2343 74990 277,061
NG 1878 13478 39387 17,465 14 443 17908

Total 89,225 179,575 | 140,689 320,264 2357 75,432 395,696

Nucler 31516 92,082 8646 100,728 — — 100,728

Scenariod Coal 44644 72,098 127420 199,518 2332 116,589 316,107
NG 13,065 14,825 5,490 20,315 19 952 21,268

Total 89,225 179,005 | 141556 320,561 2351 117,542 438102

Note: This table corresponds to (Table 8) of the main body of this paper.

(Table A-5) Comparison of Social Cost Due to Forecast Error of Future CO, Price

(Unit: 100 milion KRW)

Type The 4th Basic Plan The 5th Basic Plan
Carbon Emission Cost Actual Actual
(KRW/CO5ton) 0 32,000 50,000 0 32000 | 50,000
0 0 20 94 0 48 165
Forecast 32,000 R 0 1 15 0 24
50,000 318 74 0 42 91 0

Ans AA Hrk

(Table A—d)= AA} Apg7l@ARS 7R vl daride] diet Au]e
E Rkt gt A7 HalEvge gEislal )lem, (Table A-5)= ARk A5
ZF AR} Zpzte]| sl mjF COp 719 oIS e w2 ARR]E wlge] Ropdd
2E AElBlal Sk 2ol AEet olrR sl meldAS] Yol wHe s
w71 2ARTE sl vl 0O, 71 MR v A A b
2 7= vkt A= o 5 ook

npRsto s ehaniEulgo] 0d 9ol AW AUTHe WA 00, el
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(Table A-6) Comparison of Adequate Facility Capacity, Generation Cost and CO,
Emission Amount When 100,000 KRW/CO,ton is Applied

(Unit: MW, milion CO4yton, 100 million KRW)

The 5th Basic Plan The 4th Basic Plan
Carbon Emission Cost . . Generation | Emission | Generation | Emission
Capacity | Fixed cost | Fuel cost
cost amount cost amount
Nuclear 31516 92,082 8,646 100,728 - 95,504 -
Coal 47,026 75,945 128,562 204,506 236.3 115,781 2039
LNG 10,683 12122 2,793 14,915 09 12,71 08
Total 89,225 180,149 140,000 320,149 236.2 224,057 204.7
Nuclear 31516 92,082 8,646 100,728 - 95,504 -
100,000 Coal 35,957 58,069 117,677 175,745 215.3 971719 185.6
KRW/CO,ton NG 21,752 24,682 28514 53196 99 40,528 89
Total 89,225 174,833 154,836 329,609 2252 233,21 194.5
Differentials 3 B N 9,520 3 9154 N
(rate of increase) (2.97%) (4.09%)

b F7F AEShe e Al AR 71est vRPRIR AbA AlgelAE wauliE
HIg] o 100,0009/CO, = wolct, (Table A—6)©] Hok= viet o], A5t AlRS 7]
o g moly At ganfEulgo] 100,0009/C0, B 9ol 11, 114MWe] At
HIPAA7E INGEPIPAA R di|=EA] oz SAnke2 oF 9,5209194(2.97%) 7t
Sh= o= APFEISIE). ofefel ks Al AlRE 710 R RS wiet vlasto] of
3669 ¢l°] 571 oI,
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(Table A-7) Estimation Result of LNG Introduction Price Equation

y coefficient t=value p—value
constant 3.310 0.04 0.972
Yoq -0.455 249 0.025
Yo 0.423 3.03 0.008
P 8.760 395 0.001

Note: R—squared 0.9679, Adj R—squared 0.9508

[Figure A—1] Comparison between Actual and Forecasted Value of LNG Introduction Price
(summer season)
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(Table A-8) Annual Supply and Demand Adjustment Cost

S el e A ) ol GER
o ") oy o i v
P A o e

T T T 1
P

(Unit: 100 milion KRW)

2005 2006 2007 2008 2009
Supply and Demand
Adiusiment Cost 2408 2295 126 52,044 63,560
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[Figure A—2] Comparison between Actual and Forecasted Value of LNG Introduction Price

(Unit: US$/ton)
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