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The power sector is key for achieving net zero 12d
HOOoO = al cF S
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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.
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Global power sector must decarbonise by 2035
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isation is as
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Decarbonisation of power generation reduces
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Current path for decarbonisation lags behind the targets Yo
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Historical power sector emissions and targets from 9" BPLE, NDC and NZS
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Emissions reduction from 9" BPLE would not achieve the 2030 NDC targets, and Korea would need more aggressive
measures to achieve its 2050 targets
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Assessing technical and market potential of decarbonisation options in Korea 12qa
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o . . . . 6-node model of the Korean power system
* Qualitative analysis of international best practices $H2 Mal A|AHIO| g E Rl
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* Analyse technical capability and options for the power system to accommodate greater shares of solar PV

and wind
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- Considers both technical and economic aspects
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* Production cost modelling with 1-hour time resolution (currently) in 2035 with 2020 as validation year
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- Assess the impact of VRE on the system and value of flexibility resources
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» Analyse market impacts of greater shares of solar PV and wind
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- Increased price volatility
72 HEN 57t

- Regional differences in electricity price
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- Revenue impacts of different pricing approaches
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Scenario overview AlL2| 2 7L

Installed capacity (left) and generation (right) by technology in 2020, qu
in the BPLE 2034* and in the IEA World Energy Outlook Announced Pledges scenario in 2035
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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
O] RAY2 Th=xo| BtAFE Wetofl X3 37HX| AMLIE|L (2020, oA E =2 A2 7|8t 2034'd, SAA|ILIE| 2 7|4 2035 )& 12{5IRAS
* Generatio valltjles for the BPLE 2034 are based on the IEA Korea Rel_.%ioonal Power Sector model as official estimates are not available
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Dalily flexibility requirements in a decarbonised power system 120
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Power system dispatch by technology in the IEA Korea Power System Model in 2020 and 2035 APS
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Greater wind and solar development will be complemented by a very flexible demand, smart EVs and
flexible electrolysers, and various storage options.
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Planning ahead for Korea's integration challenges 120
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Annual VRE share in selected countries fo[__2019 and Koreain 2020,_@034 BPLE and 2035 APS
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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
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n pricing as a first approach to fuel switching 12qa
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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'd BPLE ALI2| 0] CH IEA T T A[AR BRI0M Et27HH &S50 MHE A Ehat

. A HFx2E = =
Korea currently has a carbon credit 7t& 2ETH|IFS He

mechanism that relies on out-of-market 100%

400 =
transactions o . - > @Coal AMEt
ShZ2 S & Ao o|FESH= Bt 8 350 G __
S HFHLEE 2R % 80% 300 23
Ko £2
Ko =S
T 0% @) o 250 % 8
Better integration in the wholesale market 200 2CmGas 7t~
and dispatch is an important measure to o =
- 40% 150 £
encourage fuel switching wl
SOf AR 9l Ipzio| o L2 sete ol 100
Hets Zeiste a0t =X 20% e
50 K1
oz 0CO2 CcO2
0% 0 m intensity zloF
0 20 40 60 80 100 (right (2=
CO2 price (USD/t) EtA71A 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
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Increasing shares of VRE generation H&/dxl|dof| L X| ¥it2FH[F 71 12

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

flexibility
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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
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Markets and investment frameworks need to remunerate all system 12a

services needed for electricity security
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Energy and service contributions of different technologies to maintain electricity security in Korea, 2020 and 2035 APS
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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.
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Integration of higher shares of VRE will lead to increased volatility
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The increase in the range and ramps in the net load will require additional resources to meet flexibility needs to avoid
large curtailment of wind and solar generation
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Korea’s current electricity market design works against its long-term
climate ambitions Ied
or=o| ol PHAE == =2 F7| 725822 2LA|

Estimate of profitability* for new plant by type, 2017-2020
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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
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The current wholesale market price signals are inadequate to attract new
generation ¥ EOjAIZ2 MwHol ZIQlo| Hatst 7t M s g MZsx =g €0

Estimate of profitability* for new plant by type, 2020 and 2035 APS
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Notes: Using system reference marginal price (SRMC) with no carbon price.

The current market design would not provide enough revenue to finance new investments in dispatchable assets
such as gas, PSH or batteries
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Adding carbon pricing makes low carbon technologies more attractive 120
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The carbon price increases the revenues received by all low-carbon sources while also inducing fuel switching
between coal and gas
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Scarcity pricing increases rents for dispatchable generators
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Estimate of profitability* for new plant by type, 2035 APS (with and without scarcity pricing)
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*Comparison of energy rents to fixed O&M and annualised capital cost; WACC = 7%j;
Notes: Using system reference marginal price (SRMC) and scarcity price with no carbon price.
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Scarcity pricing would more closely match the actions taken to operate a secure system
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Pricing enhancements align markets and emissions goals 12a
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Estimate of profitability* for new plant by type, 2035 APS (with and without scarcity and carbon pricing)
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*Comparison of energy rents to fixed O&M and annualised capital cost; WACC = 7%;
Notes: Using system reference marginal price (SRMC) with no carbon price and $145 per ton carbon price. & 11

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
EtA7IAN 5|27 E O HEY B2 B2 7|&S0| U ZIUH| 3} 7YX |1 O] = A EF X7 it 2 X H|EX| =
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Refining out-of-market payments to ensure adequacy
HEdS B3E517| et A E 2] 23 W = 714

Battery availability during critical hours by storage duration and combined wind and solar contributions, 2020, 2034 BPLE and 2035 APS
HEfFE 710 =0f ot D|AEHY S| BiE 2| 7tsd

20204, 2024

=3 90%

2

T 80%

oo ¢

S 70%

TR =

e 2 60%

DEE

~ 382 50%

=a°

S 40%

ol =

o = 30%

M3

= Z 20%
10%

0%

HE+oAE, 2035H SFAILIE| 0| A o] KT AlZhnt

T d

2020

OBattery 1h
HE{2] 1A 2t

iL

20%
18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

2034 BPLE 2035 APS

OBattery 4h
HE{2] 4A| 2t

E Battery 2h
HE{ 2| 2A] 2t

S

2020 2034 BPLE 2035 APS
O Variable renewables

ARH A Of L X|

1ea

Availability is
calculated from the
IEA’s Korea Regional
Power System Model
* 7t e IEA

B2 K| M A AE
pdg o

Capacity payments should remunerate assets based on their actual contribution to adequacy
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Long-term support mechanisms complement market revenues
NZ 5ol 7x B2 QI3 B7| BM HAHLIZ Ieq
Estimated feed-in premium required for wind and solar in various regions — APS 2035 in the IEA Korea Regional
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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
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Greater time granularity in wholesale prices as a first step Yo
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Korea's move from hourly-blocks to minute-blocks is a significant progress in reflecting the value of electricity
properly which has already been deployed in countries with very high shares of VRE
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Recognising regional differences in supply and demand
23 + 2520 X| 7t ko] mpe 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
Copper-plate ZHUIM X|F 714 2 Ho = Met £= Mo X| F7]| Fojoll M X|H ko] X}0]F 2l A5t= 22 eh=0]
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The coordinated deployment of distributed flexibility sources has maximises 12d

system benefits
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Digitalisation will be essential to maximise the benefits of coordinated DER deployment, leading to greater reductions
in VRE curtailment, emissions and costs
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Flexible demand is key in a highly decarbonised power sector 12a
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Electric vehicle load profiles for unmanaged and smart charging
relative to solar and wind availability in Korea 2035 APS
2035 Bt SYA|LE2| 20| M Ej S Eat E3 X HAE MI|XHSKe| ADE
1 ST Y SHO| B} I %0

= ) T . . .
?ﬂg 14 "8 8 Distribution of time-of-use tariffs across the day by season in
r<-§ 12 0 o2 Korea’s special EV tariffs

60 N & S|
ﬁgf 10 o s ehxo| MI|xt Sl AIEE 7HAu&
~u 8 Ho =
bl ~40 T E
K 6 BT 2
F30 0
4 FHO E
F20 o0 § 5
2 10 TS z
° On-peak
0 ——r 0 5
0 8 16 24 32 40 E
Solar generation Wind generation ~——Unmanaged charging ——Smart charging 2 Mid-peak
B L SH L At A AOLE 57 2
‘% Off-peak
Cost savings for the EV fleet when charging is optimised ﬁﬁw
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Digitalisation allows maximizing the impact of EVs in decarbonisation, reducing emissions, operational costs and
peak capacity needs for the system
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