OlLX| 5, HM25¢ H3Z(2016)
Journal of Energy Engineering, Val. 25, No. 3, pp.136~148(2016)
http://dx.doi.org/10.5855/ENERGY .2016.25.3.136

Post-2020 Al7|SHIKIS] WHES (2ol M2 HAN LEsa 24

* tokx *%
QEfA - O[=E ** - LAf
*SIRSBURIZFAS|A SUHTLE FTALS T [SME SHHIE
SITAAURIHZFAISIAL HEHAY HAHTA

(20159 10¥ 20¥ A<=, 2016W 8Y 2 4%, 2016 8¥ 2 A€)

Economic Effects of the Post-2020 Climate Change Mitigation Commitments
From the Geneation Indusiry’s Perspective

Taesik Yun*, Bongyong Leet**, Jaeyup Noh**
*Korea Hydro&Nuclear Power Co. LTD, Central Research Institute, Decommissioning & Spent
Fuel Technology Center, Decommissioning Engineering Team
**Korea Hydro& Nuclear Power Co., Innovation Office, LTD Management Research Institute
(Received 20 October 2015, Revised 2 August 2016, Accepted 2 August 2016)

e o

= 22 33E Post-2020 4715 AIA9] 5 7H dfgof mhe REe] ddEe AluE e st
A s EAE vl 24 siglek ol Sl Al7aF Mg AgelA AAlRE 2030 W 24 0
ol IAEACA] W3Est 2A7EA wiEASE A8oto] 2AU7EA viERES dSsto] WHRRolA WA=
2} SRS APSIGIt 23t viE A5 flsl Al 7HA AlUR|eE 7Nk R siglow, o5 A A
2 oA, AAEEAAE] B, CCS £ So|th B4 Ant 98 wds Al AUE| et wiEe ks 2
AR Sl 7 Al AnE Btk

Z900] : Pog-2020, 7|38}, LAV A5, ATA AEeEAL, A vga

Abstract - We andlyze economic effects of GHG reduction measures of the generation industry to meet
2030 GHG reduction target using the scenario based approach. We estimate the GHG emisson of the
Korean power industry in 2030 based on both the e Electricity Supply & Demand Plan and the GHG
emisson coefficients issued by IAEA. We sat up three scenarios for reduction measures by replacing the
cod fired plants with nuclear power, renewable energy and carbon capture and storage. Once and for dl,

the nuclear power scenario dominates the other energy technologies in terms of GHG reduction quantities
and economic effects.
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Fig. 1. Cumulative CO2 reductions by technology in two degrees by 2050
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Table 1. Alternatives of the energy conversion and generation sector

Alternative

Description

Demand Management Policy Enhancement

e Rationalize energy price structure
e Normalize dectric rate with consideration of environmental and social
costs, and expand application of demand managed rate system

New and Renewable Energy

e Enforce Renewable Portfolio Standards(RPS) and support spread of RPS

Intelligent Demand Management Expansion

e Apply smart-grid technology
e Expand EMS(Energy Management System)

Leading Technology Development

¢ Develop source and core technology for CCS plant technology
¢ Develop leading technology via examinations
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Source: Korea Energy Agency, Korea Electric Power Corporation (2014)

Fig. 2. Comparison of reduction amount by scenario and national target
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(Unit: g-CO%kWh)

Coa LNG Qil Nuclear Renewables
Coefficient 991 549 782 10 -
Table 3. Necessary land size” (Unit: km?/MWe)
Nuclear Wind Solar
Necessary land size 0.0034 0.8025 0.1553
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6) NEI(Nuclear Energy Institute) Land Requirements for Carbon-Free Technologies 9721}, ¥x}g HHA(0]8E 90%)

1.3mi%/1,000MWe, Z2|(0]-8-5 32~47%) 260~360mi%/1,000MWe, E|JH(0] 85 17~28%) 45~75 mi%/1,000MWe. 1
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Cod 42.26 43.95 62.76 66.15 345

Qil 7347 92.77 184.60 221.25 8.48
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Table 5. Main factor impacting the wholesale price per scenario

Main factor Reasons chosen as the main factor Effects on the wholesale price

Scenario 1

Replacing the coal power with nuclear power : carbon

freetechnology

. Scenario 2 . .

Generation Replacing the codl power renewsbles : Carbon Free Change of wholesae prices per each generation

sources technology
technology

Scenario 3

Tip the CCS to the existing coa power plants : good

effects of GHG abatements

The effect on the whole sde price = investment costs
Different investment costs per of

scenario each scenario®)/the total

generate quantities in 2030

Decrease of GHG credit

purchasing costs =

GHG emission i . .| The GHG credit price in
prices Decrease of GHG credit purchasing costs per scenario 20309 x the decressing

quantities / the total

generation quantities in 2030

Investment cost

Table 6. Electricity generation and GHG emission in 2030

Generation GHG Emission
(GWh) (Million Ton)
Nuclear 290,397 29
Codl 255,505 253
Oil 4,434 35
Gas 11,693 6.4
Pump storage 37,964 ;
Renewable 55,188 -
Others 69,642 -
Tota 724,823 266
4. 2MZT} gt 2R YA 7| I AEA, 2006)0f A A A
SaujEATE A85to] =E% 247K HiE Base
41, WHEZR 2M7IIA H{E Base Line Line & 266WWHE0]m o]5 Ak o] 2534
ATA WA A Sle] wigE ), /|2 HEOR whET] 95%E LERSic (Table 6 A)
B, SH 4], S48 52 WASP 30| 2835 A5 2030 Aol tiet At ok AU A

ol Azl HAMu|AZ A 20304 AAHeEre  FO|EE, Post-202004 A AIGE BAU & A7t
724,823GWh o]t} 20304 HHA o] A d Hh A7) A1l WASP 7|RES. 2 AR A FE

8) EA[H]-8-& 2030 Overnight cost24] 20304 $hafjof 2% Feke = Aoz 714
9) 2030 H&H 714 15,9749/CO2-ton 48, KRX 2] 2015.01~2015.08 H|&¢Y H+ 71EE 7|Hto 2 A72} Agsd7]E
Aol 2835 GDP J4-E(3.06%)= A-§sto] 44
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Table 7. GHG emission (BAU) projection of the Korean generation industry

National Energy conversion and Generation Industry0)*
vear (Million Ton) generation sector (Million Ton)
(Million Ton)
2013 679.8 2334 221.7
2020 782.5 2955 280.7
2025 809.7 303.9 288.7
2030 850.6 3331 316.4

Table 8. Excess GHG emission of the Korean generation industry in 2030

GHG emission (Million Ton)

Target GHG emission 253.2
Base lime emission 266.0
Excess GHG emission +12.8
Table 9. Coa fired plant specifications
Capacity 800MWe
Capecity factor 90%
Generation 6,307GWh

GHG emission coefficient

991g-CO/kWh

GHG emission

6.3Million ton

10) AL wiEe] 95% A&
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Table 14. Investment cost of renewables
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Capacity Construction cost(CAPEX) Investment cost1?)
Wind 2,913MWe 1,800,000 Thousand Won/MWe 5.2Trillion Won
Solar 5,883MWe 1,208,700 Thousand Won/MWe 7.1Trillion Won
Tota 8,796MWe - 12.3Trillion Won

Source : Korea Ingtitute of Energy Technology Evolution and Planning(2013)
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QIc}. T1efL RIRkE WL A= 271 Shte] kb 4
2 JstEE YA 27] giAIE 7|EeE 22,338 GWh
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1 O3UHE 2AVLA S7} 7o) K A0 A
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Sl % 22, 1MRHES] £AA 7o) 7153 Rlow
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]_
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A7) i

=12,957GW + 11,169GWh

=127] =27 (5

Table 10. Nuclear power unit specifications

Capacity 1500MWe
Capacity factor 85%
Generation 11,169GWh

Table 11. Investment cost of nuclear power plant

Congtruction cost Capacity Investment cost
2,360,000 2Units 7.1Trillion
Thousand Won /MWe | (3000MWe) Won

Source : The 7" Electricity Supply & Demand Plan (2015)

Table 12. Generation and capacity factor of wind and solar in 2030

Generation Generation share Average capacity factor

(Gwh) (%) (%0)

Wind 16,663 14 223

Solar 21,210 56 14.1

Totd 37,873 100 -
Source : The 7" Electricity Supply & Demand Plan (2015)
Table 13. Rrenewable energy replacing coal in 2030
Generation of cod replacement Required capacity

(GWh) (MWe)
Wind 5,701 2,913
Solar 7,256 5,883
Totd 12,957 8,796

Journal of Energy Engineering, Vol. 25, No. 3 (2016)



144

Ho

>

4-3-2, AU 2: AAAAHdY] s

A7aF A7 2 Aol AZstar Q= 20291
AR AR A Blo] 2030E71A] A FTk HOFS
2030 AR ke 37,873GWhZ ATl 2030
| 2rhEo] o 247 12,89 ThE] S5t
= Aeh 3 12,957GWhe) th A1 S AR e 1, 2
15 AAehs S Bggo wEskh F9
5,701GWhe} g3 7,256GWhE A7} A 4= 7]

Table 15. Investment cost of CCS
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TQ‘_LL,

Capacity

Construction cost

Investment cost

2,085MWe

5,384,000Thousand Won/MWe

11.2Trillion Won

Source: EIA(2013)

Table 16. Necessary land size

Required capacity Necessary land size Comparison
Scenario 1 Nuclear 3,000MWe 10. 2k 1Time
Wind 2,913MWe 2,338k 229Times
Scenario 2
Solar 5,883MWe 914knt 90mes
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A 2R 2] tju] oF 229u) otk B =g 2k 5,883MWe
AJulo]] tjal] 914km? D o3k A © & Ho|w, o= UM &
QA dfu] oF 90uf otk AlUtE] 2 29] F A8 HA|=
AuE] e 1 dfe] 319ul7F Hagh Aow A Eg
t}(Table 16. 3%)
4-3-5, AlLI2|2 ¥ HE2F

2030 i A hl Tyl 159.139/kWh= A
Fo}h A2k W o] Ty 64.159kWh, A5
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2014 HAFL QB 2718 8.48%E 71 7 A
Ak A5 9] 20309 AT 7 A A
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Table 17. Wholesale prices estimation in 2030
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SR AY e FFS ALtsEATh Alve] e 19] 749
A2} WEAEEo] 22,338GWh 2719} AR WEA =k 22,338
GWh 7F4 & ¢late] 1.53/kWhe] Aok} a1t
o] =] a1, YA WA 71488 7.08 %912 2030
AetzE 9.774/kWh Aol Gk miA|w, Algt
a2 QIgh viEd Sl ae Atz 0.49
A/KWh slete]] Gk mlxich Alvhe] e 19] 749 Hat
Aevhiiet7b= 166.88U/kWheE 8= 7|& B
A B7H159.13/kWh) the] 4.8% AF5E Ao
=224 =Sl
ALt 2 29 79 AR REe] 12,957GWh 57t
O} Ae} ubdeF 12 957GWh 742 215}e] 4.03¥/kWh
O] A7} 5ol Al L, AR oA A 4
7A/9u]8- 1232922030y AH w7} 17.18/kWh
ol P mAIH, Agh A g ek ujEd
A A7) 0.2894/kWh stetol| ok
ZIth Alube] @ 29] ¢ B e 7= 179.92¢
kWh= F4=m 7|& P A ©7K159.13¢
[KWh) thH] 12.3% 758 A o= 4] =ik
AU @ 39] 79- CCS AdH] =9 H|-§ 11.2392
20304 At} 15.49/kWh Arsol] S8k 1] 2
o, Agk 9P 7= QIgk viEd Aulifae 0.289

Wholesale price (Won/kWh) Generation (GWh)

Nuclear 64.15 290,397

Cod 113.77 255,505

Oil 813.68 4434

Gas 33353 11,693

Pump storage 468.66 37,964

Renewables 339.21 55,188

Others 339.21 69,642

Average/Total 159.13 724,823

Table 18. Effects of wholesae price by scenarios
Scenario 1 Scenario 2 Scenario 3
Generation Quantities -1.53Won/kWh +4.03Won/kWh -

Investment cost +9.77Won/kWh +17.1Won/kWh +15.49Won/kWh
GHG emission prices -0.49Won/kWh -0.28Won/kWh -0.28Won/kWh
Average wholesale price 166.88Won/kwh 179.92Won/kWh 174.33Won/kWh
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Table 19. Critica value analysis on investment cost

B4 - ol - A

166.88Won/kWh 179.92Won/kWh 174.33Won/kWh
Scenario 1 7.1Trillion Won 16.5Trillion Won(+9.4) 12.5Trillion Won(+5.4)
Scenario 2 2.9Trillion Won(-9.4) 12.3Trillion Won 8.3Trillion Won(-4.0)
Scenario 3 5.8Trillion Won(-5.4) 15.3Trillion Won(+4.1) 11.2Trillion Won

Table 20. Comparison of scenario analysis results

GHG Reduction Investment Cost Wholesale price effect
(Million Ton) (Trillion Won) (%)
Scenario 1 21 71 +4.80
Replacement with nuclear power plant
Scenario 2
. . +12.
Expansion of renewables 128 123 123
Scenario 3
. . +9.
Implementation of CCS 128 12 9.10
Milllian (Tan) Trillion(Won)
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