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Transforming the Korean Power Market to Reduce Renewable Curtailment

Welcoming remarks

Dear All,

My name is Tomas Anker and | am the Danish Climate Ambassador. It is a pleasure being able to connect online
with you all at this important seminar. | would have preferred being in Korea, but | am looking forward to visiting
your lovely country later this year.

| will like to start by expressing my gratitude to Mr. Kim Sung-hwan and Solutions for Our Climate for, in cooperation
with the Danish Embassy, arranging this seminar. When talking about the needed changes in our energy supply in
order for us to meet our net-zero emission targets, the need to phase out coal and other emission heavy forms of
energy is very known. However, what is not as discussed is the just as important need to integrate new forms of
energy into the energy mix.

The case of Jeju-do, that this seminar will focus on, is a good example of some of the curtailment issues that
Denmark previously has had and are also a good offset for a discussion of the general conditions needed for securing
the integration of renewable energy in the energy mix.

| am pleased that we have the Danish Energy Agency and EnergiNet joining us from Denmark today, in order to
share the lessons learned from Denmark and helping with applying the best practice from Denmark in Korea.
Denmark has showed a possible way of getting rid of curtailment issues by establishing an institutional framework
able to minimize the issues related to it. | am sure that my Danish colleagues from EnergiNet will elaborate on this
later in the seminar.

| am also pleased that the International Energy Agency is taking part in this seminar. The work being done internationally
by IEA for securing a sustainable energy mix is indispensable for the global fight on climate change. At the latest
ministerial meeting in IEA, Denmark together with a series of other countries decided to further strengthen the
capabilities of the IEA and its Clean Energy Transitions Programme. The work being done in relation to the
programme is an important factor for knowledge-sharing of cost-effective solutions to the global need for more
sustainable energy.

The latest global development in the energy sector caused by the war in Ukraine has ones again made energy
politics an area of interest for the world. It is very important that we do not let the energy crisis become a setback
for the fight against climate change, but instead utilize it to create a faster green transition. Denmark has answered
swiftly together with the EU and has, among other things, put sanctions on import of Russian coal. Even more,
Denmark has presented a thorough plan for getting independent of Russian energy while boosting the production
of renewable energy. This means Denmark will phase out natural gas by the latest at 2030, quadruple renewable
energy on land by 2030 and look into the possibility of utilizing the full potential of 35GW offshore wind in
Denmark before 2050, if needed for the European transition. And | am confident that with our great national
experts and agencies Denmark can keep setting the bar for possible renewable integration higher.

Once again, | would like to express my gratitude for being able to kick-off this seminar and | look very much
forward to greet Korea in Copenhagen on the 12th of May for the Ministerial meeting on environment ahead of
COP27 later this year.

| wish you all a very good seminar and afternoon in Korea.

Gamsahamnida [thank you]

Tomas Anker Christensen (Climate Ambassador of Denmark)
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Implications of Jeju Excess Renewble Energy
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Status of Power Generation in Jeju and Percentage of New and Renewable Energy

E17-|EHA xﬂxsl_l:lxr

T =-TOC

(yhwan1129@kpx.or.kr)
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Kex mEas

HE=Xg g2 dHls 21,1282 7|1 3 215.80HkWOIH, 0|F M| M= 82.8THWE HH| 22 H|F 38.4% 2 AXIstn Qon,
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Current Increase in New Renewable Energy Generators and Curtailments Kex =ma
-

k

HZ 492 HF HEES Y SHLE T 71 20158 EHH XF 2ESA2H
HFEX| S M| XTPEH Tipping Point = 2018'3(0.25%) — 20194 (1.65%)2 H % 25

SHEEHE ==5H0] oig

K| 0] =HMWh)/=1 5= HojH| =
s 152 (33]) 0.04%
16\ 926 2709 3635 5840 SIE] 252 (631) 0.05%
174 125.4 2729 3983 6190 174 1,300(142]) 0.24%
Hald | 1849 A 595 Jge5 | 4514 | B450 g 1,366(153]) 0.25%
oLl 2038 1088 2903 | Sedd | BR3p ‘1914 9,223(463) 1.65%
bl Ual Afde=| 9947 | e | GiED 204 19,449(772]) 3.24%
ol B35 1055 d907 (gais | R700 21 12,016(642]) 2.09%
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s d
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Curtailment Period (1) Kex mEas
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Curtailment Period (2) KX ansas

TN 2E B, Y TTY0| A= R A7 BHSZ2HY EXE FAD
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MAUTH M ZTHAIE =X AL
Measures on various phases of New and Renewable Energy KX =asiaz
TH/EE HSTHAI'E CHAY 9 EHQALES FHAISHIEA EDAMO| 2™ 208 HFE= HHAS
e 3THAZ X EE HEYE U ZaPLTo Cfet o] Hash 4%
Phase IV
*(ﬂl-’ﬁ-ﬂ 8.0%) 27 & (stability) O]+
= Phase 11l Enlasd gz
M (H=, 3.6%) 214 (flexibility) o] # AsHE=E B
Phase Il =i X OlHFA CHe
Z}A| M (visibility) O] % RES020Q (484, = Oi8)
Phase | (L ZAL0S)
ASHE Heol els
E DK
(RE3020) (XI5 —e—Phase 4
DE ES PT
%NZ AuAT  BE UM
3 ] 1 —&—Phase 2
o N7 CA ML SE !
'_Z‘R‘Mx (RE3D20)1 —o—Phase 1
| 1
0% 5% 10% 15%  20%  25%  30%  35%  40%  45%  50%  55%
Share of VRE generabon (71 2H=F HE82)
"Getting Wind and Sun onto the Grid — a Manual for Policy Makers”, (IEA, 2017)
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LXH Y | S a ZAHEH £2HA|
Relationship between New and Renewable Energy Capacity and Excess Generation = Kex’ ==z

> ZEIPEH Qlutg & =FehA], ST, PE = (2Hd 3 U oflH] )
> Causes of curtailment : Supply limit, Transmission limit, Stability (Intertia and reserve)
= 183 HF VREEAIF(231MW) = @ TH=T2(431MW) - @ Must Run 2T ZF200MW)
= ‘209 HF VREEAI ™ (226MW) = @ B2 (446MW) - @ Must Run ZH ZF(200MW)
* Must Run: &7 0% CiH| LRHETT| 22 FEF (X8 A ZFYEET] a0f, H22FEE)
> MZHM |22 cd] EabeEEkEIE) Ul
¥ Comparing new and renewable energy capacity and curtailment
= VREMH|EZ('18—'19d): 481MW — 652MW
= HEHEREMAAH(18-19): 125%/144%%1(0.25%) — 180%/194GWh(3.24%)

. VRESZTHH| S2E= o0 (ETEYW gHguNENUHY)
Y ——smE2¥ - % T : :;L;it;im%'m — = 2 (MW) .
o R (3.2%)
600 15.0
500
400 100
300
200 5.0
100
0 0.0
20153 20169 20174 201.8'5 201.9'5 20204 7

AIXH M ZEPEE S AL (O HE)
Excess Generation of New and Renewable Cases Abroad (Ireland) Kexl =una
> OfYRE MxfM==H|of ¥E (2019, M EESE 31.1%)

» Ireland RE Curtailment Status (2019, Renewable Energy accounts for 31.1% of total energy)

Hr

All Island Total SNSP
2019 Generation TSO E 'ﬂ Issue
11,993,941 127,337
91.7% 1.0%
Total ROCOF /
Available Inertia
Energy 1,169
13,077,664 0.0%
Energy Testing = High Freq /
Breakdown Other 56 -Onl-_l' 7:" Min Gen
Volume (Mwh)| Reductions 0.0% 357,079
Percentage (%) 12,722 2.7%

0.1%

* SNSP Issue: T3 A L H| 57| (Non-Synchronous) 2 H| £ X2
* High Frequency/Minimum generation: =1} §X| S WHE 7| & 42 H
* ROCOF/Inertia : =1} =¥ 5} 2 (Rate Of Change Of Frequency) 7| & %! #-d

* Other Reductions : DSO/DNO Constraints, Testing &
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Z 0P 2SICH XY (1)
Possible Solution for Excess Generation (1) KX ansas

=TH 0| X ASHE 9I5 SIIYY (20~'21)

> SYSTETI| 2= 5t 9 HVDC Z227('20.1~)

» Lowering minimum generation rate of scheduled generator, and minimal use of HVDC ('20.1 ~)
- 718 o SEHEY| HaEY J|EH] 10~16MWSHE =7
= 20 ZIMUHEE 50%T S, 213 25,562Mwh E3 A O ks =1t

> H1gAHdE o] &S 70MW HE(214~)

> Reverse transmission of 70MW to the mainland through the no.1 transmission line

> MM EAAE ESS(22MW) 2 E 2 T IAIZE BES UM SEHAHAIZE ST
SMoZ2 7|&FE 744 (20.7~)

> ZENUTA|ZE HHAHIE FE5H= Plus DR =21('21.3~)
- 219 = 93] (28A|7H Yo Z HEEF 19.86MWh, O|& 10.387MWh(C| & &E55%)
- A|Ef|= HMI|XET(P2M) +DR ZHA|(21.10~)

=25 o 2tstE D} : ‘20 773 19,449MWh — ‘2149 64%] 12,016MWh

AP A4S0 (2)
Possible Solution for Excess Generation (2) K mmas
SN0 Z|a31E 2l =TS X (‘21~723)
> (AEE =H) B AHE{(LVRT) dS71d B =T
» (Ensuring stability) Focus on improving the performance of solar inverter (LVRT)
» OHEEQ AAM AES loh EfAE 396M O|& LVRT &5 7H&0| HRstLt
ENY& ArRAte| 0|82, QIHE EE S22 XA &
> (REEXHE =2E) Fub+ =HE ESS 29
» (Ensuring Flexibility) Running of ESS for frequency adjustment
- AHIEA| FORS SH2HE 2432 AR WH7|(Must Run) 23 O 22

e (IR) 40MW/10MWh — ('22.08) 90MW/33MWh

> (HYUEY S A SetEsl 2| EY) MFHE: | S7|=47| F7F 2%
» (Capicity incentive and establishing grid stability) Additional installation of synchronous
ancestors at Jeju Conversion Station
- (7I1FE) 20Mvar 27| — (HE) 50MVar 27|
- FRTUYH S289 &t S22 As28Y 27|19
> (BHY A) MY HVDC (RI3RAM) X7 =3

» (Connecting Power Grid) Timely construction of HVDC (No.3 transmission line)
- Y™ HVDC mglez A2t s ez XJUouHX| U =2 HEEO
Szt oS
- THEYE HVDC(AMI1,2 HA M) HAIZE s HOHA et & M2 SdT s
A AR 10
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Implications of Diversifying Energy Sources (1)

H A =t=te] ofoj(1)

HAHaA

KXl =2

=

i

() SLESE YIS SHA

(Now) Centralized electricity distribution

hd, Fa a4, (fE2TA SH HAZIHAIN

(=) 2o HHISHA
(Future) De-centralized electricity distribution

ClY e 2 AR 2

MY, =85 5 M2 Player S&1 FHO| v 218 > AlTjj A4 0f| L X| oF £ 9 X}2I (VPP) O _,'c_clg_g_
S wnAL ouIENAS R Jwd A, orEE MTJo i AW B
= B ot S XL A AR EXF
sLenEn wmeeeR \ SURLYN Jigacy) AR
LHE%{:‘!&-—-Q— _____ Q $ )
“ 1 | _E |
' | ' g oyuds Sgg
I I Industrial [
l a8 L customer Il
I ! g %’ I
__\%"‘._{_’-: e ' ] | ' l:_ e el
58 . - | Commercial
|| > | customer Ch# SLESS I
.r,'o"'- - I ' U
e Sauw o o I il
AR E Regdeﬂtla} ThrmEf et [WLFI"_‘E%- 2 apoze
customer/ o
= |

CHMEE >
=

FEH Local Grid(E5H THLEF H|0f)

=
(L=

HES=HA =4tste] 2|nj(2)
Implications of Diversifying Energy Sources (2)

(PV1ESS 7HAf)
SEH Local Grid(&4HE 2FHE} X 0f)
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HES=H A E4t=te] 2|nj(3)

Implications of Diversifying Energy Sources (3) KX =moiaz
) SLUSE HEHSSHA (Z=) 24" dHSSHA
Centralized Power Grid Decentralized Grid
= SYFYR IS 124 = XX 22 A A 45t
Aoy SHASUAY $ U =7
= T, MEH LNG 3. €T gX] = EjQETb/Z 3 xfAHof L X|2| = RAZ}
P MINMXRS HE2EX Y Bl= Xzt
AE-_,I-I__I_(;J_EIO:I =1y y _-_II_IOF {5 (=] = oT =~ =r g i TS
- TOICHY| SFY 2 = X|HThel a2|E, oo|lA 2| E.

2| TSO 2F XY tHe| DSO

T tne = MINY S VPPAMA T HAZEAIE

. SN2 =Alo| Sl M MBA|R HZEMH|A H| 22X =310} A EHY,
e s - MIYAMCHS ofH]Z U BMXIY S

= AEEHEIIIAE, DRAIE = ESS, VPP, DR, Sector Coupling(P2M,
HMIEY F (L)AL ZH P2H, P2G) AHRIS| FZAIT 20

ANER=H HE, SH2aHO)

13
AN SSEHHMA A= T
Implementation of Centralized Control System for New and Renewable Energy Kexd a=siaz

=g
=] =1
> HAZF MXNYEHE, =arad HY, 2212 =205 =H 29

V
ra
n
X
&
k>

VREXHE + VPPXLE, SHHPPA, BTM EH, =Xt A1A|Zt Hlo|
B ET U BHNA 7S

14
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MAIZE TS 2/MTA O SA A 29
Real-time Prediction of Energy Demand and New & Renewable Energy Supply Kex amsiaz

B8 TM

15
MEHA|EH = 7=
Reformation of Power Market Kex mEas
> FMEAS2FAE 7|4 3 HHAZI|H
Al Al~H
n-line UC & &)
2517 F A7
(ST T 2L A AIZEAIT, ASKIEY
16
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HAZIAE AIE =2 (1)

Introduction of Real-time Market (1)

N
fra
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> AIA|ZE-HE XA H| A A|EF AlA

o MHAouX|e| HEY S AAZE 200 AFTIAY MAEES
HAZF-EEMH[ATAE E/J®EIF 239, §%| 253 o)

* AAIZEAIZ
- AIZEHZ 1MIZE SRI0IM 158 EI9IZ EHESI0] 71 Bl MES
- SLRTAIE O1F MAIZH15EOICH MYNF Y, BEC| NSRS

~e EZEAH| A
- gely xjglo| Qe HIZo chst XY Thx HAS SIS AIF
- MAIZH 1520 S RRO| CHE SEMHIAAT T

AAOILAX| S710ll THE HEN SHE MAZHEEMHIAATS
£l U8R EXC = sAstL /FAL X =oho 2|9

17
A ZIAE A E =R (2)
Introduction of Real-time Market (2) KX mmoas
> )AL Z2HF
» Problem with current elctricity market
» O T AT SIET A 2HSID QA0], 0| F 2 Moj| L X| LT HSL
2 UrgT H A2t 7HH 7|5 B
* SEE A Cfd] HAJZHe| 2}0]= oM 5| B 4LZ(MWP, MAP)22 22|
- EIPHARZS 7L H 202 U o2 BASOR, HELE +F 0] Hoj
S0l $HAE WAL RUSI| 01257 25
» MAIZEIHR Tl WA BE > MAIZHIHE A4S > w27}
= 5 EEtASIE 7 A XM (] Mol x)) O] B7I5HA| £ H A A|ZHHE 0|
S5O0 SIRETA YU 2= EHTHE FX| 71 ZTUSIEE HA|ZHIANE ER
20 25 ‘30 ‘34
e S XF AEF e LNG e E{YE oew E2 e 7)Ef AT e
= 92t =2 E0f Oj2f M 55 YA HY 18
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MAIZEAE AR ) m
Introduction of Real-time Market (3) Kex amaz

& HAIZHHBAE JHL
> (FRUB)UEHESE S T30S A5t Featgt ™o 7HX| &
APY LD B ASHE MAIZHAIE Al
» (Central point) Taking into account the variability of Renewable Energy, improve electricity
supply through accurate reflection of the real-time value of electricity.

- (BI7H) SR A1 AIZEHRIZ ChE S 2441 200 CHSH ST 181 7H4) >
() SEEFAIT + AAIZEA B 152 SH912 A2 DY 152 0tch 7H4)
> SHREAIRR 7| Sshsn B2 AlZto] Zast |0 28A2S ZHsta,
o

AAIZE T 0] A AkT} Ao BHEET| IS WA SEY S s

Al
= [ =y
T X2 F7 FY A AN EH Z=FE, e O|M 2 HE =

T
N
r

ka}

c HAZIAF2 HAIZEAEE S HE50] AIE7HH0| ZEEIBE A|ZAE 0
oS At 2= (EHY)0| {FX|ECH= HoM Ol 2
= Y02 HEH SHEE EADE SEIEH0 dES = gle 2
> (EYUAIE) o X| H|FS0| =2 MIFS 22 AH2d(239) =
3} THAIE AN T2 2 &l HE(25'F)
» (Period of adoption) Firstly, run a pilot program in Jeju where new and renewable energy

proportion is high (2023) and extend it to the mainland after adjustment period (2025)
19

AAIZIAIE AR 2el(4)
Introcduction of Real-time Market (4)

jrs
1
K
=2
ik

& E T AMH|A A|E
> (FRRUIR) AAIZEA| ED S84 155 THele] B EAH|A AIEHE £23ta, of
x| & otoL] B} ofjH| 2 & AHESISI0] AA|ZES 2 Al
» (Central point) In addition to real-time market, adopt 15 minute based ancillary services
market where power reserve will also be traded real-time.

< O™ 430214 718) -

oHlyg 7 dsezl S ES T E
1AM H = 10z Ol 28 5= 0|4 EEHFX 700MW
Fur-AojolH = SE O 85 308 ol EEEA 1,000MW
250l = 102 Ol £F 30& Ol& E2HFA 1,400MW
3XHIH 30= O|lLf S 1,400MW

> OH|HBATIAIHAI S M| Z= T HRFTHIIO|LE, B EAMH|A A RO
£ QUS| SH7E7| 0] Opdl AR Vb2 o 2 ZME|O], ofH| 2 25 A] ofjH]
7hZ{0] QIAIE| B 2 OflH| 22| AA|ZH 7HA] HHE THs
* O|H|217}2 : ALAIZH OIS ABoHE W IO 7|B|HIR(MAIZ AR
(HA|ZF SMP)-2 7|2 27| RH|) £ 71 =2 7[FH22 23
20
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AMEL2SH(21.9 HFAEHES)
Seasonal Time-of-Day Pricing
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VPP(Virtual Power Plant)2| &1} Tls}
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Introduction and Evolution of Virtual Power Plant
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Development
Role o
Flexibility i

H0f S MEA S 78 =et

-

=1
=

ark
Cl:l|

* o
by «I» ® Danish Energy
® Agency

F I eXi b i I ity -F)l— g J:‘-:;l "(l}"; E;;E?chyEnergy

Definition: e ability of a power system fo cope with
variability and uncertainty in both generation and demand,
while maintaining a satisfactory level of reliability at a
reasonable cost overdifferent time horizons® (Ma, 2013).

oo WA S0 g2[Fol B ES2 AIZIHE g 2l =99
HEdo =240 UHA, A S g de RAlSs 5.
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Report structure: Chronologically reviewing flexibility solutions
HIOM A7 g fo'd Sl Yot HE
5 main categories of flexibility and role of the market A|Zte] Sigtnt R @2 57K =8

60%
50%
40%
30%
20%
10%
0%

2000 2005 2010 2015 2020

Year

Share of VRE

2000-2004 2005-2009 2010-2015 2016-2020 After 2020

Flexible thermal power plants
Utilisation of interconnectors
Forecasting and scheduling systems

Sector coupling

Demand-side flexibility

27 exil 2022 Page 3

Key features of the Danish liberalised power sector

HI0j M2 AR stel £ 5

UNBUNDLING: Transmission £H52 23 (A#S3)
Unbundling ensures that the transmission grid supports competition to the

largest extent possible. Owners of generator capadty must not be able to limit
competition by controlling the use of the transmission grid.

SHORT TERM market 7] A&

Hourly dispatch according to marginal costs. Level playing field for all
generation technologies. Dermand can also respond to prices.

Existing long-term agreements, e.g. on import/export, have been
removed

INTERNATIONAL COMPETITION A%t 27

Competition ensures efficient dispatch, and least cost delivery of ancillary services.
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Outage minutes in Europe

20 minutes of outage or security of suppl
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per consumer per year
(10-year average)
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»  Agency 27 Aeril 2022 P 5
Period
2000-2004 e rl O
12-19% of VRE
Dynamic electricity pricing
ChO|LIRS R T+ 43
Price
/ Spot price 1‘.
él CHP flexibility
g THTETO A
( Utilising interconnectars
T AHALE ME
Period 1 | Period 2 Period 3 hDay
Figure 6: Difference between three-part tanff pricing and spot market price formation
& e [ 20002004 | [ 20052000 | [ 20102015 | [ 20162020 |
Page &

Period 1 Period 2 Period 3 Period 4
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Utilisation of interconnectors oieisiue g ﬂ

When joining the Nordpool exchange, the entire interconnector capacity is made available for market dispatch
Mordpool BHE Edl W85 = TH L7 EHE NEHAM 2SE = 0.S

MWh

800
“Skagarrak” HVDC DK1-Norwiy
500 MW [1977), 540 MW [1933) b Denmark West - Sweden

TR R—

-600 +

-800 January 1995 . January 2000

Figure 7: Flow over the interconnector between Western Denmarlc
and Sweden in January of 1995 and 2000. Positive numbers
illustrate import and negative numbers illustrate export, and the
shaded area marks the rated capacity of the inferconnector

Figure 8: Map of interconnectors as of 2004

&3 g [ 20002004 | [ 20052000 | [ 20102015 | [ 20162020 |
Period 1 Period 2 Period 3 Period 4

Page 7

2005-2009

VVRE share between 18-20%

Improved operation of generators
2T 2ERor A

Economic incentives for flexibility
FHY HMOE 7l EHE QMEER
HE

Negative pricing
ool 718 =9

" L 4 L I n 4 4
t t t t N t t t 1

Figure 13: Example of how negative spot prices incentivise power plants to consume
electrcity

e Sty [ 20002004 | [ 20052000 | [ 20102015 | [ 20162020 |
Period 1 Period 2 Period 3 Period 4

Page: &
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2010-2015 PeriOd @

First power systemto reach 22-44% VVRE share
Thermal plants delivering flexibility

>
gm — decoupling electricity and heat

a2 R0 Q014 X -
AEREET

Enhance the .
: Variable heat-
ofic Huan to-power ratio
limit values H '*« Utisation and flexbilty of
interconnectors
fﬁawa%ﬂ ABT S EY
Ha
Temporal Short reaction
displacement [ time to market
of thermal load signals
Figure 15: Implemented flexibility impravements in thermal power plants
& s [ 20002004 | [ 20052000 | | 20102015 | [ 20162020 | _

2016-2020 Period @

50% of VRE reached
Demand-side management
=& &g
“ Datahub
Holg FHE
New conceptsin the European
power market

e 78 HHAS

+ [nterconnectors +
European market

* Wind delivers
ancillary services

+ Synchronous
condensers

& s [ 20002004 | [ 20052000 | | 20102015 | [ 20162020 |
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Beyond 2020: Future of a 100% RE Danish power grid

20202 HO{A: 100% M ENLX] EES Qs Hop3 M A Eo| of2y

Share of VRE

2020

In Conclusion 2=

+  Flexibility is not a goal in itself
SEY RN S EE O

+ Design pricing scheme that reflects
system requirements
NAglel @ g ugs HENA 15

+ Enlarge balancing areas
214 Foof By

+ Improve scheduling and forecasting
AE A0S s H4

+  Explore future innovative flexibility
solutions

SAIEE X7 QU WO B

by @ @ Danish Energy

@ Agency

ENERGINET
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Figure 28: [llustration of growth in VRE penetration over
time and the timing of relevant and expected measures

Time for integration of VRE. Source: Energinet.
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e

Reforming Korea’s Electricity Market for Net Zero
gAaSEHS et et d5 A 2ot

Pablo Hevia-Koch, PhD - Renewable Integration and Secure Electricity >
IE=Z o0 0t 2= ghAt- T HIAA S8 & 85 22 E%
$2
B >
D>
g_: o
28 April 2022 k=
The power sector is key for achieving net zero T=Ye|

I.|a:||:|EE E}i%al CJ-)HO 6”)\|

Despite being responsible for the largest share of annual emissions (40% globally in the 33.9 GtCO2 emissions in 2020), it also has the most potential
to decarbonise rapidly due to the existence of mature technologies. Advanced economies would see zero emissions before 2040.

THEZ0| A7 B4 ST 7t 2 E£E NXE[SHD UX|TH (20203 33.9 GtCO2, TAA 40% A R|), d=3 7|&£0| 0|0 EFstD 47| W20
HEH FEL 7580 22 E2Y. UEF2 20400 HO BIEFO0| zeroE BEEE AL
Emissions by sector Share of electricity in final consumption

o SELELE 180 FEHAAHIZS
Q 16000 0
= 14000
=

12 000

10000

8000

6000

4000

2000

-__-'-'_'—-—-—-_.___ =
0 —
2000 S @ ola@I BT
2020 2030 2040 2050 & 8 8 8|8 R EIR’ &S
WEIe%En city and heat —Cgtuq?arxilene ray sector Lri!g_y stry | EEU stry Hépspgrt Bu||d|r|gs
—Transport Bqulngsl_ =% oOther fuels lEIectncrt;.r
*& A= JIEtEE e

Global power sector must decarbonise by 2035
HHAH ez H FE220359D8 S EH
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Current path for decarbonisation lags behind the targets 1_d
SHAZE =HRUFHME A= el 5t= LAl H=

Historical power sector emissions and targets from 9t" BPLE, NDC and NZS
Hoxt =g 7| 242, 27 L4558, B FEMH M HIRZ HET

300
o
O BNZS target
£ %0 SASUHEY
v
200 é 7 _
é g o 9th BPLE _
150 é % % oxt M7 27 g
100 é é é g aMNDC target
TrAE Ry EWEORIEES:
) AEEEEEEE
zm’/m 0 A Al AN @ Historical

T T 1
2000 2020 2022 2024 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 4
Note: 2034 based on mode! generation, 2050 intenzity based on average of the 2 scenarfosEf 0 2034 17 D OX 4 & J90¢ Q0 A L2/ 0 B ar 02050 & & LH
Emissions reduction from 9t BPLE would not achieve the 2030 NDC targets, and Korea would need more aggressive
measures to achieve its 2050 targets
97 BEH S 7IEH ol A HSEH S 2820 = 2 2030 EE 401 & 28 SR ZF(NDC)O Ol Al Al =&
retd 2050 2 8S 246171 Aol M=t 2 0 HESE2 ZADER.

Scenario overview A|lLI2I@ IR =0

Installed capacity (left) and generation (right) by technology in 2020,
in the BPLE 2034" and in the IEA World Energy Outlook Announced Pledges scenario in 2035
20344 ﬁﬁ#aﬂﬂ[BPLE} 20354 IEA MAIKIHXIHY S| o AlLt2| 2 (APS)0] [
2020 ¥HA ZRELH & R%‘M}x@"”‘é‘[ﬂ

400
S 350 = 100
(o) 300 E 600
= 250 — 500
(=]
g 200 5 400
3 150 i o 300
ﬁ 3 100 %ﬂé 200
T8 50 100
m 0 0
2020 BPLE 2034 APS2035 2020  BPLE 2034 APS2035
oCoal @=Gas oNuclear ®0Qil oHydroandocean @Bioenergy mBattery oSolar oWind
ME} Fh AT A8 =Hg &Y Hro|2oHX|  BiEE B E 34
. vew | e [ameee | amars
WRE shares 1% 21% 50%

SIEHL A HIE

The modelling considers three scenarios for 2020, 2034 based on BPLE, and 2035 based on the Announced Pledges Scenario
(APS) is aligned with Korea's NZS pathway
0] LS = 5t=20| Eha ZY 2oHY| O 301K AlUk2| 2 (20204, 9XE E -2 E 21920343, ZokAUR| 2 2[¥H20354)E DalsiRiS

* Generationvalues for the BPLE 2034 are based onthe IEA Korea Regional F'owerSectormodeI as official estimates are not available
20349 BPLE 2B IS4 X7t SI0LEA SH= A1 S od= JHo= 5
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Daily flexibility requirements in a decarbonised power system 12a
S E M2 A AEIS DB 22 Q014 @Al
Power system dispatch by technology in the IEA Korea Power System Model in 2020 and 2035 APS

IEA 2020 5t = HSA| A DT Z2AILRR] 2 2035F 0 HAE A Al AHEF
2020 2035 APS
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0ooo - 4200 0000 1200 0 0000 1200 0000 1200 0000 200 0000 12:00
e Uclear 2 A mm PEH 2R2rH Bioerergy  HIDIQMILAA e Coal  HE
Gas Db~ Hydro =8 Wifind E m Fftern  HE D
Solar BH2FEr s \RE cutalment 82 S2MLE - - - - Onginal load g8 25 Load with DR DRE 1S 26t

—————— Load with purmpicharging erarm £ Hra s 251
Greater wind and solar development will be complemented by a very flexible demand, smart EVs and
flexible electrolysers, and various storage options.
of AWE X ETHoll, (S HEEA SH Se=2AE3 A

OX2SEH LAY NLERIACHTR, ANEEV, RAYSAE S

Planning ahead for Korea's integration challenges 1ed
ot =2 JHAOl|LAAl SEF= FIet & HIEe!H =l
Annual VRE share in selected countries for 2019 and Korea in 2020, 2034 BPLE and 2035 APS
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§g § &9
; ) = - g =
Plase 1- Ho eleant impact on system 12 H - HEH Ot Z2 HE = _ -
! pa ! = == ® Phase 2 - Minor to moderats impact on system opeaton 22X - (ESES otz 22 =22
==

R i . . — - = y
Pise 3 - VRE determines the opertion patternof the system 323 - VRE) =2ouss 2z ® Phasa 4 - VEE makes up almostall genaration in some periocls 423 - VRED 282 AJIH
LTS BIE

B Phase 5 - Growing amounts of VEE suiplus - 5223 - 26 VRE oz S5t
It is expected that fulfilling the country's energy policy targets will bring the country to phase 5 of VRE integration,
which will require making extensive use of all flexibility measures
T UHUA HHE =5S SYolH = FAY HAS FHS ol AL Ball0lot=VRE S 5L M2 A =2 oy
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Korea’s current electricity market designh works against its long-term

climate ambitions
otmolol HANA A=l A )| Z=5HA =Y A

1ed

Estimate of profitability* for new plant by type, 2017-2020
A S grE 4 200 0=, 2017-2020

E 400
= =
.
s 2
= 0
o M
5 2 200
in
or i
i+ 2
o
0
- 200
Coal LNG Nuclear Wind Solar
e LNG A =9 EH2FE!
m2017 o2018 m2019 02020

From 2017 to 2020, Korean coal plants, despite emitting higher levels of CO2 and other pollutants have seen higher
profits. Current measures such as upper limits on full load hours are a measure to reduce emissions now, but further
instruments are necessary
20179 7€ 202090A] i M EeR{ WA A= HA S ¥EoH (I E PSR I E£F0] 2oL +2H £ot ZUS.
A EHUPR O 45HS 0I5l = HAS XS GHAro] Hj SRS Bl 5 QoL 0ty o| 2R

Carbon pricing as a first approach to fuel switching T=Ye|
HS M= P8 H B &2 2AI2 BAOMH HE

Shift in shares of coal and gas in generation with increasing CO, price in
the IEA Korean Power System Model for the BPLE scenario in 2034
2034'A3 BPLE A|Lt2| 0] CHEHIEA oh= 2] Al AR QA0 A Eh27HA 40| Th2 MEt

Korea currently has a carbon credit 7hA EREGHIS et
mechanism that relies on out-of-market 100% 400 o
transactions 2 :‘; mCoal Met
S22 Hif B Ao oFste B 8 30 G
HEH HAHUES 28 @ 80% w00 E5
Ko ==
T §0% 250 g %
Better integration in the wholesale market 200 2OmGas 7t~
and dispatch is an important measure to 40% =
encourage fuel switching 150
SO AY 2 mA0 O L2 SBe UE 100 U
HEs gte 30 =X 20% 50 o
Kl
0% 0 902 con
il intensity zoks
0 20 40 60 80 100 (right (2E=)
CO2 price (USDit) &tat axis)

Fuel switching, driven partly by effective CO2 pricing is a first measure for fuel switching to less polluting fuels but
cannot be the only measure to achieve carbon neutrality in the power system
S2Ho=z IE2Co2 A 2AEN ool FHEH=AS HAZ A0 HZ2 Ar=2 A5 S MG At A HE HHOIATH HH
AlAEIHLA Et4 S8 AS A6 Fl et 7252 ofd
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Increasing shares of VRE generation Bl S HXMOILX M&EH = S l@d

Reducing emissions intensity in the Korean power sector with increased renewables, carbon pricing and system

flexibility
WA 7hs, S4 71 g QAR GO 5712 $13 W nEolE Yo 2
550

L, 100% =
8 500 £ @Variable
@ = renewables
¢ 80% g dsamdoux
0% 20 -
z 300 2 @Other
g 250 £ generation
= 40% 200 2 J|Ef el
=0 el
= 150 Bar
< 20% 100 £ ocoz
50 {8 Intensty
0% g © (right 2?(;?} -
2020 BPLE 2034  APS2035  APS2035  APS2035 Co2 W= (REF 5)
ORTE=ZHE  inflexible no  inflexible with S AILIE2
2034 C02 price CO2 price 2035

SoAUsle 2025, ULzl 2038,
s EHT Ba0E OHg HBEE pavlE Be

High shares of VRE generation will be the main building block for success in achieving Korea's power sector
decarbonisation targets- and a flexible power system recognizing CO2 costs increase their impact in decarbonisation
HEH AHANGA 2Ho =2 HISZ2 859 88 P2 SE-+51 =1 249 S5t AEs & 0|0 © - HIEE ¢lAlst= 7St
M A 282 o S-Sl OlAl= D= S22

Toocs o

Markets and investment frameworks need to remunerate all system i2a
services needed for electricity security
MBI EA =20l = 8 OH2 0l Z2 282 E A A MU A0 28AA 2 2

Energy and service contributions of different technolo |es to maintain electnc security in Korea, 2020 and 2035 APS
2020'd 2035'4(5 9 AlLt2| 2) $h3 o] Mot £ A7 2lgt 7| &2 o HX[2t HH| A 70| =

2020 APS 2035
Stability 2134

Ramping =
oo

flexibility =234
Peak  sygz
capacity / JHE A
adequacy
Energy  HIAR ‘ - l]
0% 50% 100% 0% 20% 40% 60% 80% 100%

oCoal ME OGas b o il o9 OClean fuels and abated X & Et4AHZ T E
OHydro 24 oMuclear  yFpE OVariable renewables® 24T 4E mBioenergy HiQ| e u-|||_-|;(|
DOther renawables?|EF A HLIAEStorage  Fm4 ODemand response = QHH2

Power system services will increasingly need to be provided by a more diverse range of assets, which will need to be
rewarded and incentivised for their contributions to stability, flexibility and capacity.
HE A AR AH| A= CHafet J-9o] ARo] SRR & of of 8.
=, 4894, 734, EF0 JN0st= A HI AN G HEE SH U AHE S 2R
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The current wholesale market price signals are inadequate to attract new
generation & TONAIZIE AlErAol KGO Hptel b2 MeS HSetkl 28 1€

Estimate of profitability” for new plant by type, 2020 and 2035 APS
20200t SOFA|LL2| @ 203510 HE My EHA ¢Ad S

s 800
]
=
= 02020 energy rents
% 600 2020 HIHR HE
w
-] 400 @ 2035 energy rents
2025 HI4A| HE
200 Annualised cost of new entry (Korea)
22HEY HIE (E1=)
0 = Annualised cost of new entry (global average)
UL HIE (MAEZ)
-200
Gas Solar Wind Hydro PSH Battery
p 8 s FN SEAEEF HEIE
*Comparison of energy rents to fived 0&M and annualised capital cost, WACC = 7%; *7H 08M 3 HTH AR B[S0 hEk oL %] SE L] H| W WACC = 7%;
Motes: Using systemreference marginal price (SRMC) with no carbon price. EI SR LB OB E A8 7| E S FHE(SRMC) AR

The current market design would not provide enough revenue to finance new investments in dispatchable assets

such as gas, PSH or batteries
= HEl2l 2t 22 SEI=S AHH &+ S XIE ol 2IF et &2t 20| 41D ol 2 1 =2,

B A EPEE0, UBE T

Pricing enhancements align markets and emissions goals Yo
NESHY 2AJIA SHES ARNL 4 o= J12H < 28
Estimate of profitability” for new plant by type, 2035 APS (with and without scarcity and carbon pricing)
203514 ZoHA|Lt2| 0| A Al WA oy of 3 (8148E4717 X 880|58)

— 800
o
g E2035 energy rents
IE
E 600 2035 HILHATHNE
w o2035 energy rents with scarcity and CO2 price USD 70
2 2035 AR BIE | &712& 70 USDENEDIE BE
400
m2035 energy rents with scarcity and CO2 price USD 145
2035 HILHA S E 2|08 145USD BRIV B E
200 Annualised cost of new entry (Korea)
A M A HEHIE (ER)
0 —Annualised cost of new entry (global average)
AHHATYHIE (HHEZ)

Gas Solar Wind Hydro PSH Battery
A

S EH2re 9 e S Fil HHE1E!

*Comparison of energy rents to fived 0&M and annualised capital cost, WACC = 7%; =17 oam LB AR d] 2o cfs o x| 3 ES| 0] X, WACT = T%;
Motes: Using systemreference marginal price (SRMC) with no carbon price and $145 perton carbon price.£3; Sha 713 0|2 St 713 52 5145 B2 8H A28 712 313 7HEsRMC) A2

Adding both a carbon price and scarcity pricing bring many technologies closer to their cost of new entry, an
indication that the market design can deliver needed investments without the need for large direct payments
JlaS0l MRT AU SR O AR 0l= A E PRI U2 A E "IEAI 2 8lol

ELAJIAD Bl A1 8 O A 8 2P B2
oot SNSRBE 4+ AS2
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Refining out-of-market payments to ensure adequacy 12dq
[ ] = = -3
HEHd=SET6I[ fet AT 9 RSMHIEoNA
Battery availability during critical hours by storage duration and combined wind and solar contributions, 2020, 2034 BPLE and 2035 APS
mmﬁ¢&4ﬁ§#ﬂﬂ§jmﬁﬂ%NMMﬂEWHWHEMﬂW““%%%HQEWﬂﬂmﬂﬂ%%ﬂW%Hﬂ?P“
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BIER] AAIZE  BHEIRI 2A12E  BHEHR] AAI2F ATH LT =HAUSLL,

Capacity payments should remunerate assets based on their actual contribution to adequacy
EF ocEHF LA oS E g2 By

Long-term support mechanisms complement market revenues

ESES

OAPE WAL 5 A WA HIHLZS Iea

Estimated feed-in premium required for wind and solar in various regions — APS 2035 in the IEA Korea Regional

(WSO A ear)

. Power System Model”
CHYst X[Ho| 2= 1t EfYBof| =23 FIP(Feed-In Premium) 0% - IEA $H=X|9 20351 SokALt2]@

300

250 oRequired feed-in premiumto cover annualised cost
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Renewable support schemes can top up market revenues to ensure low-carbon generation deployment is in line with Korea's targets

AAUUA AA A E RS SH SOEI= §458 SHALZASIES AIE THE 232+ US
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Recognising regional differences in supply and demand
22342 L0 A K 2124 x0] Tt ied
SRMC across regions during a period of peak (left) and minimum (right) net load, Korea Regional Power System

Model APS 2035
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Moving from a copper-plate approach to regional price zones or recognising regional differences in long term
auctions for VRE can be an important tools to make sure Korea makes the most of its VRE resources
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Flexible demand is key in a highly decarbonised power sector
Ol5h A @ = 1 21 0151 ELER A O] Al Q A Iea

TT o [ |_ AT E 2
Electric vehicle load profiles for unmanaged and smart charging
relative to solar and wind availability in Korea 2035 APS
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F2 14 L Distribution of time-of-use tariffs across the day by season in
g n» 0o Korea’s special EV tariffs
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Digitalisation allows maximizing the impact of EV's in decarbonisation, reducing emissions, operational costs and
peak capacity needs for the system
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Thank you!
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Reforming Korea’s
Electricity Market
for Net Zero

https://www.iea.org/reports/reforming-koreas-electricity-market-for-net-zero
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