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The 16th Jeju Forum session

[] Session outline

o (Session Objective) Discussion on the ways to respond to issues brought

by increasing renewable energy, noting that the problems of new and

renewable energy curtailment take place in Jeju Island are not only

limited to Jeju but are likely to affect the whole country and beyond.

* review the current status of Korea's power system, and exchange ideas on

adopting a free energy market.

o

(Day/Venue) Friday, 25 June 2021 10:50~12:10(80’ / in Korean time)

/ Crystal Hall A at Haevichi Hotel & Resort

of

of

of

] Plan(time able)

(Session Subject) Increasing Distributed Generation to Achieve Carbon Neutrality
(Session type and Interpretation language) On,Off line / English

(Host) Low-carbon Policy Division, Jeju Special Self-Governing Province

Time Content Speaker
10:50~10:51(1" ) Opening Moderator
. Chairperson
Session Intro : -
10:51~10:55(4” ) | + Session outline and introduction Homm.Klm.
of speakers (Professor, Jeju National
University)

10:55~11:10(15" )

Keynote speech

+ A Grid Dominated by Wind and
Solar is PossibleSouth Australia: A

Window into the Future

Johanna Bowyer
(Lead Research Analyst
-Australian Electricity at

[EEFA Asia Pacific)

11:15~11:30(15" )

Presentation

+ Policy Implementation Plan for Energy

Transition to Carbon Neutrality

Junhee Hong
(Professor, Gachon University)




Time

Content

Speaker

11:30~11:35(5" )

Discussion 1.
+ Governmental Policy Vision for
Distributed energy activation

Hohyeon Lee
(Director General, Ministry of
Trade Industry and Energy)

11:35~11:40(5" )

Discussion 2.
+ Policy Improvement for
Designation of Distributed Energy
Special Zone

Yiwonyoung Yang
(Member of National
Assembly)

11:40~11:45(5" )

Discussion 3.
+ Electricity Market Renewal for
Renewables Penetration

Kangwook Cho
( Executive Director,
Korea Power Exchange)

11:45~11:50(5" )

Discussion 4.
+ Reorganization plan for domestic
power market

Joojin Kim
(Representative, SFOC,
Solutions for Our Climate)

11:50~11:55(5" )

Discussion 5.
+ Achievements of CFlI 2030 Energy
Transition Policy

Hyeongseok Yoon
(Director-General of
Future Strategy Bureau,
Jeju Special Self-Governing
Province)

11:55~12:08(13" )

Discussions summary
and Q&A

Chairperson
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A Grid Dominated by Wind and

Solar is Possible
South Australia: A Window into the Future

4% MUK (B2 - BHYB)O MAAE 2F A

MO

Johanna Bowyer
(Lead Research Analyst—Australian Electricity at IEEFA Asia Pacific)






A Grid Dominated by Wind
and Solar is Possible

South Australia: A Window into

the Future

Johanna Bowyer and Gabrielle Kuiper
June 2021

%m\‘f& Institute for Energy Economics
s’y and Financial Analysis

\ XN
\%¢’' IEEFA.org

Where is the world currently at, in terms of wind and solar as a
share of electricity production?

Wind and solar as % share of electricity production for G20 countries

Year 2010 M 2015 2020
#
|

= o
= — -
T . South Australia: 60%

‘ﬂ,f.'.-"&_ Institute for Energy Economics
i4a%e"" and Financial Analysis
an%:’ IEEFA.org

Source: Ember




South Australia is at the edge of Australia’s east coast grid, and
demand is predicted to continue to decline

South Australia Total Annual Generation (GWh)

15000
14500
14000
13500
13000
12500

12000
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: Austrakian Energy Regulator

3 *,gf".{;t Institute for Energy Economics
Source: OpenNEM [AEMO data) and AER !.';‘_‘.‘o"&; and Financial Analysis
\aa%%' IEEFA.org

Lesson 1: 60% annual variable renewables is possible!

South Australia’s Rapid Uptake of Renewables
Wind and solar gained traction while coal dropped to zero

Demand met by renewables: 36% (2015) 60% (2020)

Gas

IIII....--.- Coal
nm e EmmE_

Other (net)
'05 '07 '09 "1 13 "15 17 19 2020

7 ‘,;‘f;.f&_ Institute for Energy Economics
Source: OpenNEM (AEMO data) i4a%e"" and Financial Analysis
an%:’ IEEFA.org




Lesson 2: 100% solar is possible in certain time periods

South Australia Generation Profile — 11 October 2020

*4“'\.-‘. Institute for Energy Economics
Source: OpenNEM (AEMO data) 5 W and Financial Analysis
=%’ IEEFA.org

Lesson 3: Initial adoption of renewables driven by market
features and government action

= Strong solar resource

= Strong wind resource

Market Feanires = Historically high residential electricity prices
= Historically high wholesale electricity prices

= Open access network connection regime (constrained)

= Gross wholesale pool market (NEM)

-+

= 2008 State Government Solar Feed-in-tariff: SA was first jurisdiction in Australiato havea
subsidised net feed-in tariff for rooftop solar exportst

= 2009 Federal RET: Generate 20% from RE by 2020 (LGCs)

Government
Action

= 2016 Coal Generation Phased Qut: Final coal generator owner offered to keep running +3
yrs for $24m - state gov't refused?

1. Government of South Australia. Solarfaedin payments. 27 November 2018. A Institute for Energy Economics
2 ErrmJ'aEIursiva,w:mlia[lle;al\,E::fzﬂ Fisher, Mari Hanley, Fran Baum. Expaditing 3 renswshle snarg in3 grivatizad marker The and Financial Analysis

caseofso 00213, enuary202
3. ABCNe to close pover stations atPortAugusta and coal mine atLeigh Creek. 11 June 2015, ** IEEFA.org




Lesson 4: Plans to go beyond 100% renewables are expected to

drive jobs and growth

= SA government has an aim to reach net 100% renewables by 2030
= SA is tracking to reach net 100% renewables by 2025"

= SA government aims have renewable energy >500% of SA grid demand by 2050”

= Why: To drive jobs and growth, by becoming a national and international exporterof
renewable energy, green hydrogen and other low emissions products
= How:

= Transmission: Build another interconnector (with NSW)

= State Govt mechanisms: Home Battery Scheme, Grid Scale Storage Fund, Renewable
Technology Fund, Virtual Power Plant grant, EV Action Plan
= State + Federal Govt: $1 billion for hydrogen, CCS, electric vehicles and gas.*
= Impact: International battery manufacturers Sonnen & Alpha-ESS established local

manufacturing and assembly facilitiesin SA. More than 100 local system providers now
qualified to sell & install batteries in Home Battery Scheme.

“South Australia’s
transition to a net zero
emissions economy and

a national and

international exporter

of clean energy could
mean achieving a level

of renewable energy

that is more than 500
per cent of current local
grid demand by 2050."*

RenewEconomy. South Australia could meetstate Liberals' 100pc
‘South Australia. Climats Chanse Action Plan 2021 2

Government of South Australiz Department for Energy and Mining, Electricvehicles 2021,

ABC. Scott Morrison reveals $1bn energy deal with South Australisn sovernment. 18April 2021.

s

Institute for Energy Economics
and Financial Analysis
IEEFA.org

Lesson 5: Wind and solar bring down electricity prices

Annual Volume Weighted Average Wholesale Spot Prices - Regions

Source: AER 8

Institute for Energy Economics
+, and Financial Analysis
%’ IEEFA.org
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Lesson 5: Wind and solar bring down electricity prices

Negative price events are hecoming more frequent with high VRE penetration
South Australian average underlying electricity price”® by time of day - Q1 2021 and Q1 2020

80 - Q12021
——Q12020

-20 -
00:00 0200 0400 06:00 0800 1000 1200 1400 1600 1800 20.00 22:00
Trading interval starting time

Average price in SA in Q1 2021 10am-3.30pm was negative $12/MWh

R

=5 Institute for Energy Economics
iaws e and Financial Analysis

a3%: IEEFA.org

Source: AEMO Quarterly Energy Dynamics Q1 2021 5

P
%

¥

Lesson 6: Reliability can be maintained in high VRE grid

Unserved Energy in the NEM

2005/06  2006/07 2007/08  2008/09 200510  2000/11 20112 201213 200304 00415 201516 200617 200718 201819 201920

1 Reliabilty Stancard [ Cueensiand [ New South Wa Souh Australia [ Tasmar

4#.55:  Institute for Energy Economics
Source: AEMC. Unserved Energy inthe NEM. 2021 10 ?é:“;‘."" and Financial Analysis

\\a=%’ IEEFA.org
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Lesson 7: Various mechanisms can be implemented to manage
grid security

= SA technology solutions for security: !
® 4 synchronous condensers
® Improving interconnection (NSW)
® Obtaining contingency frequency reserves from renewables & large-scale batteries
* Implementing fast-start and rapid-response technologies

= Regulatory solutions for security: e.g. wholesale demand response mechanism and revision of
inverter standards*

* NEM market reform options post 2025 also underway

! x 48555 Institute for Energy Economics
i. ESB Post 2025 Oy ﬂnﬂsPa':(:":; z;;: AT Hieter 221 1 '?""‘ X and Financial Analysis
e RSS! IEEFA.Org

Lesson 8: Batteries can play a major role in maintaining grid
security

= SA has 4 utilityscale batteries

* Hornsdale Battery
= 150MW, co-located with wind farm
= Services provided:

= Frequency Control Ancillary services (with fast response
times)

= Wholesale energy market trading
= System Integrity Protection Scheme (prevent SA-VIC trip)
= Backup reliability measure
® Provision of inertia
® |n first 2 years of operation:
= Recovered capital costs
® Saved consumers $150m +

= Virtual Power Plant under trial: 50,000 homes with batteries &
solar connected and providing FCAS & other services

. @#<5: Institute for Energy Economics
i4a%e"" and Financial Analysis

“amte’ IEEFA.org

Source: Hornsdale Power Reserve, Aurecon 12

_12_




Lesson 9: Transmission grid needs to be planned to
accommodate renewables

= [ncreased renewable energy generation is already stretching the capacity and reach of Australia’s
ageing transmission network

= Additional transmission capacity is planned to connect neighboring states and to connect
“Renewable Energy Zones” to load centres

® Current transmission issues
® Grid connection delays, mainly due to high regulatory burden

= Transmission losses are high in certain areas, reducing the revenue of some generators
substantially

® Curtailmentis an issue for solar and wind farms, due to system strength, inertia, congestion
and other network constraints (a key issue for wind in South Australia, solar in VIC and NSW)

13 Institute for Energy Economics
and Financial Analysis

%=’ |EEFA.org

Lesson 10: High penetration of rooftop solar can be managed
with distribution network innovation

Samples of average suburban voltages in Australian NEM regions

255

"N
1
S

Voltage max (V)
B
o

E

235

10.0% 15.0% 0.0% 50% 10.0% 15.0%
Suburban NSW Suburban VIC

0.0% 10.0% 20.0% 0.0% 5.0% 10.0% 15.0% 0.0% 5.0%
Suburban SA Suburban QLD

n Institute for Energy Economics
and Financial Analysis

~e%' |EEFA.org
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Lesson 10: High penetration of rooftop solar can be managed
with distribution network innovation

= Technical Standards - vital for investor confidence and to ensure DER support system security
when cost effective to do so

® DER Visibility - smart meters are not the only option
1 1% of regulated network revenue for DER management with 40% rooftop solar

# Dynamic Operating Envelopes - innovation worth imitating

Enabling greater market access - raising the limit

15 <. Institute for Energy Economics
°6, and Financial Analysis
IEEFA.org

)
=

Thank you

Read the report:

Johanna Bowyer and Gabrielle Kuiper

Institute for Energy Economics

1 f +, and Financial Analysis
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Policy Implementation Plan for Energy Transition to Carbon Neutrality

/ Junhee Hong
(Ztdoistm M7\ 28t W4 / Professor, Gachon University)
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Policy Implementation Plan
for Energy Transition to Carbon Neutrality
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Gachon University
Prof. Junhee Hong

Energy Transition & Carbon Neutral Civilization
Energy Transition: from carbon to mass
Solar Energy: Energy Surplus Civilization
Surplus Market Platform




Formula as-is, Carbon Energy System

Photosynthesis: Decoupling CO, to C & O,
Combustion: Reaction between C & O, to CO, + Heat

C+0, o CO, + Eheat)

Oxygen(0z2)
#7 Released

Formula to-be, Mass Energy System

Free to Depletion, Climate Impact, Collapse, Social Conflicts, and Geopolitical Problems

This is it!

E = mc?




2 Technologies of Mass Energy
Low-density PV, High-density Reactor

Reactor
ﬂ' 7 =

Low-density mass Energy, PV High-density mass Energy,

o i

High Quality, Electricity Poor Quality, Heat

Fast & Small Inertia Slow & High Inertia

Answer to Upcoming Energy Transition
‘Solar Energy System’

The one & only, can create an energy surplus, is solar.

More is different.

Renewable Resources (per year)

Non-Renewable Resources (total reserves)
B 0 @ @ @
c.o0 15

TWEU : Total World Energy Use per Year All Energy Outputs in TWEU
Source: a fundamental look at energy resources f

(1 TWEU = 16 TW-year) or the plane




The Virtue of Solar Energy

Civilization follows the energy.

1. Energy-surplus civilization Enabler
2. Marginal cost ~ 0
3. Electron-based Power: Compact, Ultra-Fast, High Density
4. Electricity itself

Solar Energy System
from deficit to surplus




Marginal Cost of Energy surplus ~ O

LCOE of PV: 80% cut every 10 years

10,000 10,000 |
Solar Wind Battery
= N |
i} ——— 31000 |
s s
5 100 |
|
100 100 10
2010 2015 2020 2025 2030 2010 2015 2020 2025 2030 2010 2015 2020 2025 2030
Price of Sillicon PV Cells Price per Wp of Solar PV (Fully Installed): 2007 - 2022
$/watt 8.0 -
$76.00 75 ———USD (CleanEdge Research)
. e Breakdown of PV project costs i
Yl - —— AP (CompareNiySoiar (K]
Transmission Line 1o, Prel. &Pre 6.5
60 % Operati 6.0

Module mounting
st es

25
20 2 PV Modules 20
|| | a9% 15

2 o1

I

9

1900 1095 2000
S

1077 1081 1085 2005 & O S
" w Energy S S P

Marginal Cost of Energy surplus ~ O

Solar H/W cost $0.54/W,.(19.3%) in 2017 (TCO $2.80/W,.)
Revenue +200% with +20% Investment

2017UsD
per Watt DC
400 -« String Inverter Option Sk Power Optimizer :MIJH> b Mcroinverter Opten & ‘va:u’
/0 Net Profit
/ mOverhead (General & Admin.)
/ B Sales & Marketing (Customer acquisiion)
/ i Permittng Inspection, Inferconnection
’EIns:a!I Labor
1 Sales Tex
2 Supply Chain Costs
 Electrical BOS
B Siructural EOS
—minverter

S Module

100% SWB System Cost ($)

nstaler Infegrator Weighted Installer Integrator Weighted Instaler Integrator Weighted Weighted
Average Average Average  Average

NREL, EH 22 A8 H[-8(2017, USA) = e =
$2.80/Wdc = H/W coste= $0454/Wdc(19.3%) Generating Capacity

_21_



Surplus Strategy: Oversizing Solar

130-180% Solar Panel & 100% Inverter
30% Oversizing (TCO +6%) > Revenue 28% Up

High DC-AC Ratio Energy Yield Comparison
Low DC-AC Ratio

et

SkWp array 6.5¢Wp array
with B 50001121 with SB 5000121

| Energy Yield (kWi

A

Inverter AC Power Oulpll.l/ :

130% Solar Panel + 100% 2IH{E{
- " EM:100% =3, FUE M 30% Clipping(H2H-27H)
-HEY N P 282 30%Y B0 =24t

100 MW, inverter limit

130% Solar Panel + 100% QIH E + Battery
~olo

// b N\ - Battery Cost?t ROIX|®, =012 o 57f

1 2 3 4 s & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

130% Oversizing Case

Smart Grid, Stupid Technology: 100% Supply-Demand

As-is: too expensive smart tech. for supply-demand balancing

Supply-Demand(PU) .
DR Operation

Fast DR, Auto DR

ESS

Battery, V2G

Plus DR(flexible demand)

Sector Coupling: P2H, V2G, P2W

Base Demand
Nuke Limit

_22_



Energy Surplus, Strategic Approach: not 100% but 300-
500% generation

Use only what you need and throw away the rest.

Use more than needed scenario: $40-50/MWh (+50% of surplus)

300% Surplus Renewable Energy
Generation to Demand Ratio

Electricity —A S~ Electricity |

demand demand w0
Tiee s Firm Capacity
As-is Plan Maybe 2050 Plan Litee Al

100% Supply-Demand AR

Time

JEJU 100% $4B: SW 4.1GW + B 90h
KEPCO Grid 100% $400B: SW 360-400 GW + B 90h

Platform for Energy Surplus: Market

Market platform promotes surplus production and surplus consumption:
the key to growth, raising the carrying capacity of civilization
Supplier: Generation Surplus = Revenue Up

Consumer: Over-consuming & Optimization via sector coupling > Cost Down

Killing All Pain Points: P2X & All-Electrified

Capacity Ratio

30
Solar + Wind

20

Electrification

4
”M»Powerfﬁ P2H
ESS Discharge ‘ - EV

Flexible Capacity by SWB
Firm Capacity

25 50 7S 100 125 150 ESS
P2H P2H

(Sector Coupling)

_23_



Platform for Energy Surplus: New Service

Firm Contract: $150/MWh

Non-Firm Contract: $50/MWh
Negative Price(Plus-/Reverse- DR): -$50/MWh

Power to Heat: for 4th Generation Heat Grid, $30-50/MWh
Ancillary Service: Curtailment, $30/MWh

Capacity Ratio R
Cdrtail Market
30 ($30/MWH)
Solar + Wind
20
Demand
1.0 Demand
25 50 75 100 125 150, 170
10 Hours P2 H
4 (Heat,

$30-50/MWh)

Negative Price: -$50/MWh

_24_



[EZ Discussion]
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Governmental Policy Vision for Distributed energy activation

0| = & / Hohyeon Lee
(MAEAXIRE Of|LX[SEAERE / Director General, Ministry of Trade Industry and Energy)
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[EZ Discussion]
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Policy Improvement for Designation of Distributed Energy Special Zone

Qo] & ¥ / Yiwonyoung Yang
(Chetol=2 23|92 / Member of National Assembly)
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Policy Improvement for

Designation of Distributed Energy Special Zone
MUK ER XHE 9st
Hlz R

Higfa oS B2 g

INTRODUCTION a0 20| Ry

WonYoung YangYi

Qo[

Member of the 215 National Assembly {proportional representative)

Hach 22 9 4T E)

MBA at HHL Leipzig Graduate School of Management, Germany

BHO|ZA| S| AE SR AA

MA in Public Policy at KDI School of Public Policy and Management, Korea

ORISR B et <A

BA in Biology at University of Seogang, Korea

MACHE T B3I

Member of National Assembly’s Trade, Industry, Energy, SMEs & Startups Committee

SN YEL AT ANA 7| 219 23] 92

Member of National Assembly’s Gender Equality and Family Committee

=5]0j471E 20 29

Former Chairman of Environmental Committee, Democratic Party of Korea

FE0p=E ey Ege A o U

Former Secretary-General of Energy Transition Forum Korea

HOREHEY MR

Former Executive Director of Korea Federation for Environment Maovement,
Friends of the Earth Korea

ﬁ)ﬁ}?# SEABIHE

oS
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Need for Distributed Energy

=AU x 2R

asjojn 20 Bleg

Coal-fired generation(&1Et 23)

Fine dust, health hazards--- H 44 "
(OB AL 22554 Difficulty obtaining
local acceptance
(FUT-SY 22 0{EI)
Nuclear power generation(2I X124 2Xi) i =
Nuclear accident(RIZIALL),
radioactive contamination(#Aks 2). -

Current costs

Transmission Line(£XHM2) passed on to future

] . _ = | 0 LS ~
Electromagnetic radiation(ZXHa} 22 (B b IE & DjeH= H7H

environmental degradation(Z2H k). -

Need for Distributed Energy
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Not In My Back Yard : NIMBY

Not In Anybody's Back Yard : NIABY

Need for Distributed Energy

Energy Independence by Region =
R RIS = asn U0l2g

Seoul 3.92%

(M2 HHXIRIE 3.92%) Gangwon 175.44%
Gyeonggi 60.13% (2 B 175.44%)
(7] M{XIEIZ 60.13%) \.
§
- . .
e Gyeongbuk province
Chungnam 235.36% : 180.14%

(B MRS 235.36%) d - (B5 HERIE T 180.14%)
|
| 4

N Jeonnam 172.16%

/ (e MERIEE 172.16%)

Statistics from KEPCO(?H= 2 E71 Zk2 M4, 2019)

Need for Distributed Energy
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Generation Capacity by Source: Nuclear Power
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Need for Distributed Energy

" " g I
Generation Capacity by Source: Coa [ Y.
HQlu HEHAH| 2 813 ; ME 2018
MR S gH| 8o e HNE L=

A4 REEHMW) RALHMW)
3 3234 400
37l 247 0
= \ 3 7,240 0
zas
3= 156 0
e 0 0
{ o 7 0
) o 0 0
zEsc (
) i 19 0
Hg 0 0
24 ¢ 0
ad 5,080 0
A 1481 0
s 695 0
32 0 0
24 17,228 0
2= 0 0
AE 0 0
g
EPSIS 2021 “Haz
% The above graph shows the regional share of generation capacity by source and may not reflect the exact amount of capacity.

Need for Distributed Energy
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Generation Capacity by Source: Qil
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Generation Capacity by Source: LNG
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Need for Distributed Energy
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Generation Capacity by Source: Renewable Energy
M T 7 g LAl

29 H2EMw)
24 2,451
1 1,699
I 3 1,199
zaz \

3% 2385
e 194
| o7 el
& | ] ) oA 34

FHIE |
| e | st 157

A ey

T Es 13 ( H% 14

4 !
= ( 4 70

e )
R 403
il 3,780
= 2878
Az 1,065
- 274
&= 1311
HE 50

B "/
‘Rz
EPSIS 2021

Need for Distributed Energy

(Case Study) Denmark’s Distributed Energy

s0lo 6 2oy
B3 EAOILZ| A2 asjole 20

b s¥gEs
1980 b mwwEs 2020
+ s¥EyEY
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"
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s
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Need for Distributed Energy

_36_



aﬂﬂ%€§0ﬁ¥§

Achieving Carbon Neutrality

z o
SaTH A

Distributed Energy ﬂ Increase of Renewable Energy

et SR X Atoj|L{x] Zhey

Need for Distributed Energy

Volatility & Curtailment

-
S A3} Z2trof s SOIEE

Wind Curtailment in Jeju by Year

HEE HF SHIH 500 2d

2015 2016 2017 2018 2019 2020

Curtailment

(no.oftimes) | 3 6 14 15 46 77

EED TS

Curtailed

Energ
awn | 152 252 11,300 1,366 | 9,223 19,449

Hoje

Need for Distributed Energy
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Policy Improvement to
Promote Distributed Energy

EH0LIx] YIS 2%t
M=ot e

Prioritizing Grid Access to Renewable Ener =
Ao x| %g 4 uay & 210 o2

LoAD M NETLOAD [ WIND

Feb 19 Feb19 Fob 20 Feb2) Fab2l Fb21 Feb22 Feb22 Feb3 Foh 23 Foh24 Feb 2 Fob 25
COh 1200 COh 1200 GOh 1200h OCCh 1200h OODh 12006 CODh 1200h OOGh

Policy Improvement on Distributed Energy
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Transformation of Power System Structure:
Decentralized, small-scale, two-way

>zl Hat: FUE, A48, YUY

Conventional power systems
are centralised

Policy Improvement on Distributed Energy

2si0ja ‘202

Renewables make for a more
decentralised power system
o ¢ 0l Y
R R wﬁl
Lol Gy
™ A .
Wk
valtage S e B oA
T Il ¢ st
TR hm fFEEEE e
- [ ) [}
vdm:ge Qﬁ_@ &%’:ﬁ/ =
Lz ST
o BEEd o )

Policy Improvement on Distributed Energy

o0 20 Ry

SLH0|LR] HZAH

(RAIZHET|22H)

Real-time Pricing
Trigger consumer behavior ~£H|Z} #HE Z2t
Introduce new business model MZ2 H|=L|A D&l

o

O

-
=
=]

R B L REOOCEL L (ROl SEs, SHe)
Free Trading of ocracy | Priority grid access
Electricity : ) ¥/  &tradetoRE
Enable trading of surplus/saved electricitl‘sg C k’ﬁm Mk’mﬁ% RE-otiented grid

Increase resource efficiency
B 7|, HoE M| 2| 243t
XH0|1E 22 50N

~ Achieve carbon neutrality & Increase RE
TAOILIR| S obzit ziztey
EtLZ R/ X] Zo)

Policy Improvement on Distributed Energy
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[EZ Discussion]
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Electricity Market Renewal for Renewables Penetration

& 4 2 / Kangwook Cho
2 X/ Executive Director, Korea Power Exchange)

(HFHHe 2 HE=F Y
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The 16t Jeju Forum
HileE M=

June 25, 2021, Kangwook Cho, Korea Power Exchange
(2021868259 232, Mg H Y A)

Phase 1 : Scenario Development for Economy-wide Decarbonization
15 : 24 Hoe] BASE T4 A% Akzle A

4 Various emerging technologies such as synthetic meat production, high-
performance air heat-sourced heat pump technology and hydrogen electrolysis
technology can influence the pathway to achieving carbon neutrality.

¢ Synthetic Meat 7H 7|8, 185 37| EH O|EHE 7|g, +4 ¥ 7|2 50| HL 58 BY 22822 + UG

(13

4 A techno-economic model at the economy-wide and national level should be
developed to analyze the pathway while considering uncertainties such as
emerging technologies, and periodically updated to reflect the technology
development.

» References: US-REGEN model (economy-wide), US CEC's PATHWAY model
7|-‘£7H“*°I 7tsd S SEHYE TSI TEM A WU ZY EL S BY R MLIERE EHE 4+ A= 7IEEA =
1} 101I*1 g 7I% HeS UEE 4+ AEE FUIHo2 AT HAT U
% o

) £& 0|= California Energy Commission2| PATHWAY 2%

The 16t Jeju Forum

H162 MFEY
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Phase 1 : Scenario Development for Economy-wide Decarbonization

1A - A Hike| BAFH |2 AlLtale 7

4 The model should at least calculate the expected GHG emissions, the optimal

portfolio of available technologies and the estimation of relevant costs by each

economic sector on the basis of more quantitative analysis.

i

kA

ot
4>
re
sl
rir
o=
olo
oln
mjo

¢ O|2fTH 2 E ASSO] EOf O WO 20 7|He FH B2 2U7tA HEY, 7S 7|58 &

HAE 2240 s

The 16t Jeju Forum
H16H AFEY

Phase 2 : Scenario Development for Electricity Sector Decarbonization

2T - HE FRo BATH Y 3E 2ME AT AUE2 A

4 A capacity expansion model at the national level should be developed to
analyze the pathway to carbon neutrality in the electricity sector corresponding
to the pathway to achieving carbon neutrality across the economy, and
periodically updated to reflect the technology development.

» References: US-REGEN model (electricity sector), US CEC's RESOLVE model

¢ A Hitof ZH A FE Y A0 Y36 HE BE HASH ALULZLE EME 4+ ole HHEH Y EY 243 37t

RHHOM 7| LD 7] 7L S W £ S E FI|HoZ2 A |?=’ ozt g
» &1 4 US-REGEN 2% (H& &8), 0|3 California Energy Commission RESOLVE 22

The 16t Jeju Forum

H162 MFEY
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Phase 2 : Scenario Development for Electricity Sector Decarbonization

{8t 2 7l

4 The model should at least calculate the expected GHG emissions, the optimal portfolio
of available technologies and the estimation of relevant costs in the electricity sector on
the basis of more quantitative analysis.

¢ OIEWE‘*"' AE5to] Hof o HEFH o0 7| WA 229 2H7tA HhET, 7hST 78 AN =
HAg 240l ol3.

fnd

sz HE

gk
rr
oln
mjo

4 The future led by technologies such as solar, wind, and ESS is highly likely to come, but
the answer to the question of what is the optimal pathway should be left open.
» “Generic Zero Carbon Firm Resources”, which can symbolize the technology that may
emerge in the future, should be taken into consideration in the scenario.

¢ ALU2|e 4 Ao S, 28, UXKFEA S92 7|50 TRk 0|27t 7t 7t 0] Eou, AN Azt T2t FE st
He 97 HElZ BAE 2a%t 98
» “Generic Zero Carbon Firm Resources” 7|22 7|£UH0| M2t E3d £ = 7H54E B8stE 7|22 4%E 0|3

7|20 8 (x| E A|LIZ|Q 7HE A] 11243 ch,t$>

The 16t Jeju Forum
H16H AFEY

3 B4

@ The size of the required facilities on the pathway to achieving carbon neutrality
in the electricity sector, for example, the required capacity of solar power, wind
power, and ESS, should be projected and presented on an annual basis in order

to provide investors with an appropriate investment signal

FEELEY TY YR YoM EXXEUA HYE SR GEE MM oM Bat HH|2 2, S S0M EYE,
of 59 2% dH| SY¥S HAEE XS0 MY HASE 20 2R

The 16t Jeju Forum

H162 MFEY
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Phase 3 : Investment Outlook and Securing Resources Competitively

3 TH  FXHY AIS H 38 Y0 ol XA SE

4 To secure resources cost-effectively based on investment outlook,

» For large-scale development projects, resources should be procured in a
transparent way through competitive auctions that take into account the
specific characteristics of each installation site.

» For small-scale development projects, resources should be procured in a
transparent way through a competitive auction for all installation sites

nationwide.

o SR HYO| AN HSRUHOZ MH| 2SS 8t0]
> 2 7HE A0l CHOIME K 714 E 42 2o ZUE Boio (US ST YHOE 2y
4% A § 3

ATHE 74 A it M= R

The 16t Jeju Forum
H16H AFEY

Phase 4 : Spot Market Renewal for Renewables Penetration

4 T - HEoLR] i E flt HEAE RE Y

4 A real-time & ancillary service market in Korean context is to open so that the
dormant capability of resources to respond to the intermittency can be revealed.
» Market closure times closer to real-time operation: mitigation of uncertainty
» Fair valuation of balancing service will lead to investment in resources that

can contribute to system balancing.

4 UES YN Y BEMHIA AT HY BR

A

o THEHA THHO| 4K T QI HALOILIR]S] ZHE 0] i ChS S 20| Hch3t w3E
> A ORZ AIZHS £ AA|ZH| o 2R3} S3A M| 243}

» Balancing®| 7|0 & = &= XHH0| thE FXHE FT6L7| 2{8H A= balancing service®| CHEH HE S 71 E 2O

gt

ks

rir

A
49

HE E8

The 16t Jeju Forum
H162 A7 EY
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Phase 4 : Spot Market Renewal for Renewables Penetration

4 THA| - 8o ux] Eof S Sl HEAE HE Y

4 Renewables will naturally play a leading role in the future, moving away from the
free-rider position in the past.
» Renewables should bid so that their roles and responsibilities are equal to

those of conventional resources.
» Renewables will have to bear balancing obligations as a major resource.

BE 2ot UM Hofux] B2 tAS FYSAR YEU M oL AIAAZA HHA| AR M
#Ho

Y5 Ee ¥ 4 IEE MUK YEHES £ Ta

» XX 7t O[R FZHQl AHHO 2 M balancing 2 78 FH5I0{0F &

The 16t Jeju Forum
H16H AFEY

Phase 4 : Spot Market Renewal for Renewables Penetration
4 S RO R) SEE IS HEAF HE 4

4 Energy and reserve capacity should be secured simultaneously by considering
both energy demand and reserve requirements, and they can be readjusted if
hecessary.

¢ OjLiT|Qt OlE[E 202 SA[0 nESt0] OfLiX|et GH|HS BESN B A FEYS YUY + AUCE AIFE 24

4 Resources scheduling and commitment should be done over multi-intervals rather
than a single interval to make the most use of different resources with long or
short response times.

¢ IS S A0 2AL E2 47| OB RHH S S AloiE 2252 B A T2 (single interval) 0] OFLI 2t Cha A2 T ZH(multi-

interval) & DE{ot 5 WHAEE +HE ER7} AUS

The 16t Jeju Forum

H162 MFEY
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Phase 4 : Spot Market Renewal for Renewables Penetration

4 THA| - 8o ux] Eof S Sl HEAE HE Y

4 Demand response resources can participate in DAM, RTM, and reserves markets.

¢ SR E AT Y HNTAY, oHHATH T £ THHO| HOSZE AT €4

4 Market price determination, which currently focuses more on conventional
resources, should fit with a market dominated by renewables with zero marginal
cost.

¢ THET7|0 SHE = AY7HE 2 YUES A H130] 02l RAEOUR| XHHO| XEAFQI AT = E IHHE BRI QIS

A

4 In general, negative pricing would allow the market to autonomously curtail
surplus electricity.
¢ YUHOZ FOTIXMHE HHOZ AE0I0 W +8 T8 E 7| YHME negative pricing S& S310 Y HH AT 2H

H
297HAY AEHOE s 20| BN,

The 16t Jeju Forum
H16H AFEY

Phase 4 : Spot Market Renewal for Renewables Penetration
4 57 : | BOjE P HEAR FIE A

4 If renewables are curtailed frequently, investment in renewables will shrink.

» Proper investment in the electricity grid can reduce curtailment due to transmission
congestion.

» When the marginal cost of electricity approaches zero, it will lead to increase in electricity
demand due to accelerated electrification of other sectors, and the problem of surplus energy
in the electricity sector is likely to be alleviated by general equilibrium over the whole
economy.

¢ THWOLT| Rpho| BIHE 2 FXHE HE|AH 2 A
F WE YO 4 £XE 52 WE Y £50) o NS N2 2R US

> HI|OLIx] SHAHIE0] oofl 7H2A Kl A2, HIIE7} 7S HM HI| 271 S0jLED, U0 HEHO| ZH|E 2| Huto) ZH
L Y 2f5t0f 232 2Hs90| 9UE

The 16t Jeju Forum

H162 MFEY
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Phase 5 : Automation of System Operation and Public Acceptance for Bills

5 A - AIS 29 {2t 3 x3etet Ho|2 30 tiet +848 M2

4 Among the strategies to respond to the renewables penetration, the cost-effective

priorities are;
» to secure the observability of renewables generation with the optimal number of

monitored sites, and forecast the renewables generation in real-time
» to automate the power system operation in real time. For example, to shorten the

interval of unit commitment.

¢ HAoUE| 25 Ao tfé S e S HIS2aSHN 7 2HAEE 20|
ST N JNEE SHIE TN LTTE FYD ¢ U2 FEMA YA W29 +of 2H] #2E BYels 0| ZHH YEY, 0| EQE

r

B 2 o)X HAS 2A

> TEHEH HAS 2AUS L S8 o S0, 2T 7153t A AY FI|E TE

The 16t Jeju Forum
H16H AFEY

Phase 5 : Automation of System Operation and Public Acceptance of Bills
5T : AS 29 walel AAZiet % RHEstel M7l 20 Ch3 84 A

@ It is necessary to improve consumer acceptance by disclosing in advance the

possible increase in electricity rates in the process of achieving carbon neutrality,

which is somewhat taboo in Korean context.

¢ Ci2 27| A E|3 9l W7|230 oig AILE| 8 HY7| 230 it 248 AASHH B3 T 2HIEYN 371617 8 127|239
CHE A-B|REe] SEO CHSO] ARG S7H5t0] AH[Rte 848 HNE BR7AUS

The 16t Jeju Forum
H162 A7 EY
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hanks For Listening

June 25, 2021, Kangwook Cho, Korea Power Exchange

(20218568259 232, HEHHL) < 15 of15 X
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[EZ Discussion]

=W MFAIE I SSH2H

Reorganization plan for domestic power market

Z Z= &/ Joojin Kim
(7|&F&EM thE / Representative, SFOC, Solutions for Our Climate)
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Reorganization plan for domestic power market
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[EZ Discussion]

CFi2030 =&1JdQ} HIUX &

X XH
o 1

Achievements of CFl 2030 Energy Transition Policy

50

S & M / Hyeongseok Yoon
(M ZF=XIX| = 0|2 2=2Z / Director—General of Future Strategy Bureau,
Jeju Special Self—Governing Province)
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Achievements of CFl 2030
Energy Transition Policy

CFI 2030 2717 29k oflLfn| 72k A

Jeju Special Self-Governing Province

A -
RS 2y e

Jeju, Turning Climate Crisis into Growth Opportunity

HIZ, 712 211S 83 S8o

Paris UN Climate Change Conference (015 cop21)
2| UN7| S8t oF AR &3] ots cop2n)

Introduction to Jeju’s “Carbon Free Island” & “Green Big Bang” Vision
HFE EHAglE o - 21 iF A7)

4
Q Jeju’s Green Big Bang model draws global attention (2017 bavos Forum)
HFE7t E3ets ‘O2IEE S oo creaza)

“Jeju triggers a big bang integrating technology and infrastructure”

‘WEE 7147 OT2lE SE 22 S YTss By

9 The CFI policy links energy, transport, electric power system,
and big data, and creates a new integrated model of energy
and mobility to make Jeju a carbon-free island.

HFQ| CFIE2 UX|, 4, Ha{A|S, YiHjo|E 52| §8to|nf 4 gl= M
T4 Slo olqx|et mEQ| M2 SFHEHS WS ULt
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Jeju Cavbon Free island vision 2030

F:EV_,J'“’OE A

100% 100%
New & Renewable energy Eco—=friendly mobility
Mt of| L x| 215t pula|g|

Jeju’s Leading Smart & Green Model
HIZQ| ADIE - J21 ME DF

o ('09-'13) Building world’s largest smart grid demonstration site
- Developing next-generation smart grid technology

(0914~131) M| Z(c§ ADIET2|E 27t M4BT T4
- RtMCH ADLE J2|E 7|&

0 ("11-16) Building the world’s first carbon-free island, Gapado
- Electricity costs reduced to 1/5

(11A~1640) M7 2% 74Tk 74222 ofAE Xy
-3 712 152 24
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on Neutrality, Achievements & Challenges
ELASR Majo} apy|

"New & Renewable energy generation
AIRHASOILIA] WA

LA ‘ New & Renewable energy . Fossil fuel & HVDC
ArpoAx| suoiz

Highest New & Renewable energy ~ Enhanced energy independence First 8MW floating offshore
generationrateinKorea (19%)  due toincreased RE generation wind farm pilot site in Korea

95% of government target reached (Reduced HVDC dependence) NINA
T &0 MR 2THIE 19% REMQ STI0H IFE, GILTA) RIRIE 2 BMIWE B4 GiYEH 45
NHETH| 959, SN (HVDC 2IZE 2A)

 Neutrality, Achievements & Challenges
EtASE, M9} atdl

~ P Electric Vehicles
EWS m1l RS

First in Korea New registration of ICE Life cycle management
torecord 2.2KEVs vehicles banned from 2030 of EV battery
=LA 2,231 St 20304 0/ LHATI2AL N SESE MTIAHHELR| THRT) 22
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Carbon Neutrality, Achievements & Challenges
EIAZE, Matel atx|

Challenges due to increased RE supply
: Increased curtailment
THASONLAR] ESHCHON [THE BRI : 27 RS (curtailment)el 35

® Curtailment rate: 3 times (2015) b 77 times (2020)
Increased RE supply expected to increase curtailment
R 20154 33 b 20204 778]

S THHILAR] SSEHH0 OH2 2 RIS E7H 2 oE

16,000
14,000
12,000

Daily Demand
14,771MWh

RE curtailment
YOI WHHS 10,000 iR
4,000 b
4,000

2,000

152
2YHREH

1
1
1
1
1
|
1
1
1
[
{
I
1
1
:
1
1
1
'

w5 s 2 a9 am
Concept map of surplus RE (020 Jeju) Current status of curtailment in Jeju wnit: M)
THAGILIR] 27 0] THE = (0204 7i) HiF 2T Z2H 3z

TN
Carbon Neutrality, Achievements & Challenges
EIASY, Mo} atx|

Production, Storage,
Application of Green Hydrogen (P2G)

JE AA(PGIMMN-NT-E2

Paradigm shift in clean energy
A HIL{A] TRICHY Mg

(@) Green hydrogen pilot production designated as a national project
JRAA AF M MY

(@) Designated as regulation-free special drone zone
CE EERIRs 79 MY

Renewable energy Green hydrogen production Safe storage Application
(wind, solar) (water electrolysis) (hydrogen storage device) (fuel cells, vehicles, drones)

THSOILIRIES, EYE) Tz WM (2 T2 WA) OFHE XY (SAXHHR) 8 (FANBWX|, $A7}, FALE)
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TN

bon Neutrality, Achievements & Challenges

ERASE, duie} 2t

Smart Grid & EV (V2G)
ADIERIES MTIAL V26

EV+FCEV
Green Mobility
ke ksl

EV discharging

------- >
EV charging

Wikt SH

Two-way charger Two-way charging station Power grid
AU 3| AU S3h Y

Establishing a Global Leading Model: Carbon-Free Island
Fb2O2| OfYHE S2H MELRE 15

Policy Improvement Industrialization Framework
(Deregulation, Free trading of electricity) (Production, Application, Industrialization)

NS R, A e AIOIS) KAl =, we, sy
FeiHe} B4, Me 22, HEY MI|92H, ESS, P2H, P2G,
ESS SEIMH 013, MeiH2| AlZ i 5 V2G XROJLX| 47 EV 531 5

Reimbursement for curtailment, direct trading of electricity, Jeju-type “ -

o . , ik Y iy RE-based EV charging etc.
electricity billing system, permission for ESS individual generation,
trading market improvement etc.

Distributed Energy pecial Zone VPP, RE manitoring management system + energy governance

BN QLA B | VPP 2%, WUOLT SLIE BEIAAH 74 + 0K HHLA
Xz
Designation of Leading Region for Green New Deal (ongoing)
J2RE MEXY XF =T
3 Phases (Town - District - City)
SEMI(EIR — XI7 — =AIE)

Leading region for renewable energy

JeiwE MTHYILR] MR 2

Jeju, Korea’s Top & Global Mecca for Renewable Energy

= 2132 M ATHS0ILIA] HPE A
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Transition to Dlstrlbuted Energy System

eixhe OfL{x| NAT 0[2H2] 2UULX| AAH

Existing Energy System Future Distributed Energy System

O 2 2HA JHo| SAASY SHHH O AnE BHA SHO| SM4Y & HIA
7|E HJQ Centralized generation system based on large-scale power plants Decentralized generation focused on small scale power plants
@ HE WHEDININ &M - =AM Al @ X1% WM H&k AL OESS Qe 2%

Direction Generation at distant coastal area-Consumption in metropolitan area Building infrastructure to enable local production and consumption

® Mg 99| MAH HENT @ 0 oZ0| O0|F 27| E
OLIE Linear national network - - cpd itegid
(7, OlHIOEX] X{ad ):“Eﬂ”"[mm_»x *HIXI] ~
{20 2ooT L= sColilc @ DEAMNY MA=YE J|ui0| oltst H|E
(JQJ) ) (Power generator - Transmission and - wHE S J1uol TS HSHH
Infrastructure/grid . Two-way system based on a power platform apt for prosumers

@ T2 ZH0 J|HSt 2sd HF0| MY © XDHAHL, X1 A2 HHIL S
x1q J.HI Electricity market prioritizing efficiency based on economy of scale onsumption and radmg nearby demand
= =
CEEERD TTENERE Y] © TSOILX| BRAIE SO wXE MY

Electricity trading Rapid transition unable due to high volatility of RE Strengthening generation management through RE bidding system

LR NSHRI HAOI0 SMANHXI
oqux gy [ 523 7c= sonzw mawm 75 ADIE 7501 5350 50 50| 95
Central govermment-led centralized po stem Building a decentralized energy system through central-local government

Energy decentralization| callaboration and encouraging commurity participation

Establishment of Jeju-type Distributed Energy System
M7 AR AAE 25

HEIE 0N EEE 93 SA7|S UF(VPP 5)0| LRSI ANETAENSHA|, FHARST 5
el AlASE= 8| (Going beyond designation of special zones such as smart grid pilot site or regulation- free
special zones, demonstration of innovative technology (VPP etc) is needed to ensure safety of the power system)

To dasignate areas with high distributed energy yeneration as “Distributed Energy Special Zone” for integrated management and to serve as testhed for VPP and DSO

LR HI30I "WEEHEI 2040 F2 X%S "ZLLIX| 2 XP6i0, VPP-DSO S &5

Virtual Power Plant %ﬂuarﬁ-ji\- IﬂE(VPP)

P ’
(Combined eat aner 5 A = A
-~ rima 3 A E
Sunllght generahnn] sl {Data Cloud) :

p
s TE &
- «—»

(Elzclru: Mnlanzhl:lE) ey i h . , HEAN|T
P istri me resources) EMHY
e A lormj =D

(Micragrid) (Final consumer/ Distributed resources)
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