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Korea’s Ambitious Renewable Target by 2030

AGM Seminar Series
Open Grid Initiative and KPG Platform

Ministry of Climate, Energy and Environment established on October 15t, 2025

* Objective: to integrate climate and energy policies and accelerate Korea’s energy transition
* The ministry set a national target of 100GW of renewable energy capacity by 2030

However, Korea’s rapid renewable expansion is outpacing grid infrastructure capacity

Kim Seong-hwan vows expand
renewable energy to 100GW and
enact Carbon Neutral Industry
Act

By Ahn So-young
Updated 2025.10.01. 13:41 v
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Government’s 100GW renewable energy
target announcement [1]

Fuel type ‘ GW
Coal 40.22
LNG 46.33

Nuclear 26.05

hydPrL:)rT;’?Sr?age 4.70
Solar 27.10
Wind 2.24
Hydro 1.80

Power capacity of Korea (2024) [2]
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Korea’s capacity mix by energy sources (2018-2038) [3]

[1] Chosun Biz. https://biz.chosun.com/en/en-policy/2025/10/01/GUAYQBRTSNCATPWNP4DM3XLP44/

[2] KPX, EPSIS. https://epsis.kpx.or.kr/epsisnew/selectEkpoBftChart.do?menuld=020100
[3] IEEFA. https://www.electimes.com/news/articleView.html?idxno=353343



Critical Barriers in Energy Transition

Transmission Expansion Bottleneck ey @i
iﬁ;ﬁf@ B || TR
» Chronic delays and social resistance hinder timely grid reinforcement, ’% T A z‘\;
worsening congestion and renewable curtailment N 4 A/
Declining System Inertia and Stability Challenges R L W A
*&/“ EQPYE ik
. . : . . Holos N
* Growing shares of inverter-based renewables reduce rotational inertia, 7~ - -
threatening system stability and increasing cascading failure risks Freals
Korea’s system stability constraints [4]
Politically-driven Planning System
» Planning prioritizes political interests over a balanced consideration of
economics, reliability and environmental sustainability in power supply
Outdated Electricity Market Structure ,
« The cost-based pool system fails to reflect true value and price signals,

limiting investment and innovation

Korea’s wind and solar curtailment events - Jeju wind (green), Jeju
solar (orange), Mainland wind (dark green), Mainland solar (yellow) [5]




Advanced Grid Modeling (AGM) Center's Mission O i o ACH Serinar Seis

Empowering Korea’s energy transition through
open-source grid modeling and collaborative stakeholder engagement

[4] E2news. https://www.e2news.com/news/articleView.html|?idxno=308987
[5] E2news. https://www.e2news.com/news/articleView.html?idxno=251084



Advanced Grid Modeling (AGM) Center ooon ars o S semnerseries FACSINMY center

Founded on May 20, 2025

: AGM Center addresses technical and market barriers through

Professional Education
for Practitioners

* Training programs tailored to the needs
of key stakeholders (KPX, KEPCO)

» Offer public online tutorials regarding
v' Power system modeling
v’ Electricity Market

v' Open-source models of AGM Center

AGMworkshop 2025 6



KPG Platform: From Open Models to Public Engagement
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Korean Power Grid (KPG) platform framework




AGM Seminar Series
Open Grid Initiative and KPG Platform center

Part 1.

KPG TestGrid




Development of Open-source Models

Korean Power Grid (KPG) 193 Test Grid

« A synthetic test system of the 2022 Korean power system

« Based only on publicly available data
* Provides comprehensive datasets for power system analysis
KPG 193 network (ver1.5) comprises

1. 193 buses
2. 122 conventional generators

3. 359 transmission lines

Renewable generation capacities

8760-hour profiles for demand and renewables

« Capacity Mix of KPG 193

Coal LNG Nuclear Solar Hydro Wind

765KV (AC)
345KV (AC)

154kV (AC)
500kV (DC)

|

1.2% | 100% Network topology and generation mix for KPG 193. Pie charts indicate
the generation mix by fuel type, with sizes reflecting relative generation capacities

Cfgf/\c/']ty| 38.13 | 41.20 | 24.65 | 23.75 | 7.20 | 165 |136,57

Share
[%]

27.9% | 302% | 180% | 17.4% 53%




Development of Open-source Models

Four stages for open-source power system modeling for Korea

Network Topology Conventional S Weather Data Electrical Demand
Generators Generators
T S W
OSM [18] KPX [22] Korea Energy Agency [15] LDAPS [23] KPX [24] KEPCO [16]
A-1 A-2 A-3 A-4
Approximate transmission Approximate Municipal level O~ R Kol Municipal level

= 1. Data Collection

!

line locations locations (230 segments) (230 segments)
= A-5 KEPCO [25] B-1
gy Utility's Regional Data clustering with varying spatial resolutions based on the locations of 193 regional offices
= Offices

T

Line Parameters
[19], [20]

HVDC Line [21]

!

Synthetic bus
and line data

Generator Parameters
[31], [32], [9]

\

Synthetic generator data

I
Hourly Data

B-3

Profile Processing [28], [29]

l

Hourly Renewable
generator profile

B-2

I |
Monthly Data
|

Statistics Korea [26]
Population Data

Hourly Data

Demand Geographical
Hourly P.
ol L Distribution Ratio

NS

Hourly
Synthetic demand data

2. Data Clustering

!

>— 3. Data Enrichment & Processing

!

Workflow for developing the KPG 193 test system with data sources and processes for modeling network topology,

generator parameters, weather data, and electrical demand

4. Validation
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Development of Open-source Models

« The regional offices serve as buses in the power grid
* The endpoints of power lines and cables and conventional generators were clustered to the nearest bus
v' Generator capacities were divided into standard generator units (e.g., 500MW, 600MW, etc.)

Open Source Data Utility’s Regional Office Clustered Grid
(e.g. Open Street Map) (less sensitive information) (193 bus test system)

11



Development of Open-source Models

« There is no official public source for the complete network topology of the Korean power system
v Instead, we collected academic papers related to the national power system

v These references were used to validate and enhance the topology of the KPG 193 test system

. Topology References
Clustered Grid (Conference and Journal Papers. [6]-[9])

Topology-Refined Grid

[6] Kim et al. (2024). Analysis and Operation Strategy of Energy Storage Systems for Mitigating Generation Constraints of Non-Tripped Units under System Protection Scheme (SPS) Conditions.The Transactions of the Korean Institute of Electrical Engineers (KIEE),
[7] Kwon et al. (2024). Inter-Regional Power Flow Analysis and Tool Development for Long-Term Future Grid Using DC Power Flow.The Transactions of the Korean Institute of Electrical Engineers (KIEE)

[8] Kim et al. (2024). Stability Measures for the Yeongnam Region Considering the Construction of Saeul Units 3 & 4 and Continued Operation of Kori Units 2-4. Proceedings of the Korean Institute of Electrical Engineers (KIEE) Summer Conference

[9] Han et al. (2022). Effect Analysis of High-Speed Circuit Breakers for SPS Review of the Hanbit Power Complex. Proceedings of the Korean Institute of Electrical Engineers (KIEE) Conference.
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Development of Open-source Models

« The feasibility of KPG 193 was validated by solving
v Daily Unit Commitment (UC) for the entire year of 2022

v Hourly AC Optimal Power Flow (ACOPF) for the entire year of 2022

Cq (Par) = C3 P + C3Vpgt + C

« Since UC parameters and generation cost coefficients are not available, parameters are derived from reference [10], [11]

Fuel Tvoe Min. Gen. Ramp Rate UT DT Startup Cost 052) Cél) C£(’0)

P [% Cap.] [% Cap./hr] [h] [h] [KRW/MW] [KRW/MW?2h] [KRW/MWh] [KRW]
LNG 52% 100 4 3 53,862 2.1215 - 6.6711 36,872 — 70,956 637,657 — 6,531,339
Coal 40% 66 6 12 12,606 25.6102 - 30.5675 22912 - 27,174 1,227,022 — 2,629,634
Nuclear 95% 18 8 12 - 1.6591 - 3.0364 3,339 - 8,292 0

TABLE. Generator Parameters by Fuel Type: The parameters are adopted, randomized, and modified from [10], [11] and [12]. The cost parameters
c®, oM, are presented as ranges across generator units for each fuel type.

« Cost coefficients are modified to reduce discrepancies with historical data using methodologies from reference [12]

| Coal Gas  Nuclear Renewables Etc.* | Total

Historical [%] | 32.5% 27.5%  29.6% 9.6% 0.8% | 100%

KPG193 [%] | 339%  27.8% 28.2% 10.1% 0% | 100%

TABLE. Comparison of annual electric generation share by fuel type in 2022: Historical data and KPG 193

[10] D. Lew and G. Brinkman, “The western wind and solar integration study phase 2 (executive summary),” National Renewable Energy Laboratory (NREL), Golden, CO (United States), Tech. Rep., 2013.
[11] D. Krishnamurthy et al., “An 8-zone test system based on iso new england data: Development and application,” IEEE Transactions on Power Systems, vol. 31, no. 1, pp. 234-246, 2015.
[12] Y. Xu et al., “US test system with high spatial and temporal resolution for renewable integration studies,” in 2020 IEEE Power & Energy Society General Meeting (PESGM). IEEE, 2020, pp. 1-5.
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Validation : Network Constrained Unit Commitment [13]
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[13] Morales-Espafia, G., Latorre, J. M., & Ramos, A. (2013). Tight and compact MILP formulation for the thermal unit commitment problem. IEEE Transactions on Power Systems, 28(4), 4897-4908.
[14] C. Coffrin et al., “PowerModels.jl: An Open-Source Framework for Exploring Power Flow Formulations”, 2018



Validation : Network Constrained Unit Commitment (Cont'd)
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Electrical Demand and Spring Reserve in (a) Spring (2022.04.01-2022.04.07), (b) Summer (2022.07.01-2022.07.07),
(c) Fall (2022.10.01-2022.10.07), (d) Winter (2022.01.01-2022.01.07)
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Validation : AC Optimal Power Flow
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Validation : AC Optimal Power Flow (Cont'd) somsemnarseres ACSIMY canter

Open Grid Initiative and KPG Platform
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Dispatch result of generator by fuel in (a) Spring (2022.04.01-2022.04.07), (b) Summer (2022.07.01-2022.07.07),
(c) Fall (2022.10.01-2022.10.07), (d) Winter (2022.01.01-2022.01.07)
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What we provide in the repository

AGM Seminar Series

Open Grid Initiative and KPG Platform

o O Q agm-center/kpg-testgrid X +

&« > C °s github.com/agm-center/kpg-testg... ¥ & %

(3 README.md Add version history section with release notes 45 minutes ago
D kpg193.png Update README and add system overview image 50 minutes ago

[J README &3 License 7 =

KPG 193 Test System

KPG 193 is a synthetic Korean power grid test system developed using open data sources. It aims to provide a
foundational framework for modeling and analyzing the Korean power grid.

W coal
LNG
Nuclear
Wind
Solar

W Hydro

Releases

No releases publishe|

Packages

No packages publish

Languages

=
©® MATLAB 100.0%

v KPG-TESTGRID

v @ mustoff
F3 nuclear_mustoff.csv
v @ network
v @ location
f3 bus_location.csv
v @ m
< KPG193_ver1_5.m
v @ mat
[ KPG193_ver1_b5.mat
v @ profile
> B commitment_decision
> Bm demand
> B renewables
> W weather
v @ renewables_capacity
[y hydro_generators_2022.csv
[ solar_generators_2022.csv
f3 wind_generators_2022.csv
% kpg193.png
® LICENSE
© README.md

} Nuclear generator
maintenance data (Historical)

} Latitude, longitude, name

of each bus
= Network data (MATPOWER)
— Profile data (CSV)

Capacity of renewable
generator by bus

18
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KPG Run & View




KPG Platform: KPG Run and View

AGM Seminar Series
Open Grid Initiative and KPG Platform

KPG Run KPG View

« Korean power grid simulation engine  Interactive grid visualization and results explorer
- ED, UC, ACOPF, DCOPF models are available (2025-12-16

@ © @ KPG Run - Power System Optimization ©® 0@ ko
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i #1/usr/bin/env julia e, e
networ @ ranct o ine - e
Al required and optionai fles found h # AC Optimal Power Flow Solver (Nonlinear) - JSON Input/Output Interface o et @ 3 2t (Bus 96-145)
rofile o unt
o # Based on opf_nlp24.j1 from optkPG min Ol e+ X Yo a " 2 ‘S W (Bus 96-145)
PROBLEM SETUP renewables_capaci o g 0 (o
ey # Usage: julia opf_nlp.jl <json_input> i il wable Eneray 2
Probiem Type 0 ucense Visualization 28 W) (Bus 65-95) an
# Supports solvers: Ipopt, KNITRO (via solver_factory)
OC PF - OC Optimal Power Fiow > JULIA SOLVERS st. @ solar @ Wind @ Hydro coisa
® batchi ) [ ]
pLo using JuMP e By S0y B VGEORET @ 1 Comentianal Generaion M
Day (1:365) e d isualization . 1o
using CsV g B
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(O Batch Mode (Muttiple Days) ! using JSON oSl ¥ * Demand (Load) Visualization flow | Bus Labels  Line Labels sie
> cusToM soLvers . o
. using SparseArrays 0<pm <P, weBteT © © ctive (P) O Reactive (@) Gen Labels  Selection Mod a2
Salver Engine Hodl g o _ i Aport Selected  Import Prese
pont (Open Source) N p ! # Include utility modules 0<pli* <P, weeBte © Circle Size Scale: 60% S ) e ~
function find_src_dir() 2 = —
G < F MeLteT " —(mranch] 1(8E)_to_2(28)
script_dir = @_DIR_ e Votoges Branch
> Solver Options bundled_src = joinpath(dirnane(script_dir), "utils") LeeT e el i)
if isdir(bundled_src) © 765K @ 345KV pyows F————— 250136
return bundled_src Oas 0,0 < min(®,60), VL€ LteT L3 — s0ls0  aihe it
sod Line Loading Gk = [Branch) 2(21)_to_3(22)
_— i - s~ 01 > max(dy, ~60%), V€ LteT —— Branch: 45V (A) . .
d:\lfs;f ;d]nmpa;h(d)rnaMIS(rw(JJr)y utils") © Loading Bars O Labels Branch: 1544V (AC) - [Branch) 2(21)_to_4(858) o o
if isdir(dev_src 1).,00n | peu Ve e
. (= L) g+ G5 - L) =0, vde L O solacted On) — oG Line 15400
return: dev_src s oo = (anch) 228 to_6(28)
end Min Loading Threshold: 0% b - (Branch] 3(2)_to_8(8FY) -
error(*Could not find Julia source modules") — voltage
N @ Nucar — (Branch] 3(22)_to_7(871%¥)
* Bus Voltage: @ coa e
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154 kv LY
B X [ FACTS Doviee
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include(joinpath(SRC_DIR, "solver_factory.j1")) Bus: oN o AW ® Solar Gonaration (Branch) 5018)._to_16(12%)
include(joinpath(SRC_DIR, "struct_network.jl")) © Wind Genaration
include(joinpath(dirnane(e_DIR__), "io", "readnetwork.jl")) B buses T time periods Ciosstenl on  oer EALD f o e (Branch] 5(71%)_to_20(8tel)
DCines. L tnes Unes: | ON o AW G

o oinpath (SRC DIR
JUsers/untitied folder/KPG Run.app/Contents

include (joinpath(SRC_DIR,
include (joinpath(SRC_DIR, "ybus.j1"))
include(joinpath(SRC_DIR, “buildprofile.jl"))

include(joinpath(dirname(e_DIR_), "io", “opf_csv_export.jl"))
“csv_to_geojson.j1"))

include (joinpath(dirname(@_DIR_),

ersjopt_nip.j

parse_network_data.j1"))

30km

® LNG Generation
® Nuciesr Generation
® CoalGeneration
@ Otner Goneration
® Active () Demand
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KPG Platform: KPG Run and View

» High Renewable, Low Demand (Day 93) Increase

LNG Decrease (High Cost) Decrease - Increase

Coal - Decrease Increase (Low Cost) Increase
Nuclear - - - -

Solar Increase Increase Decrease Decrease
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KPG Platform: KPG Run and View

Curtailment issues in the Honam region

« Causes of PV curtailment in the Honam region [15]
vV A B85

v of
v ST BE SRRt
v

SH-5d sU= A9 (4.9GW O[5}) [16]

« Actual PV curtailment has been implemented since 2023 [15]

A Al A Al
—— A e
PR P b B 4__ _ | BEEAR:asew ®® R
b o Qggégﬁ?ﬁl i - -\’
i s en ik 'v » = gy
3 k o e ‘ ‘

(¥e)

P - = (2EINP )

‘
(&
\ 2
:

Honam-Chungcheong inter-regional flowgate constraint [16]
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KPG Platform: KPG Run and View

Curtailment issues in the Honam region

* In the KPG 193 test system, the (O}AF-HY) and (MS-=2) lines are flowgate lines

« On Day 93 (April 3, 2022), these corridors do not reach their transfer limits

* However, violations may occur as PV penetration increases

v Cumulative installed PV capacity: 20GW (2022) = 23GW (2023) = 25GW (2024) > 29GW (2025) [17]

Clear List Reset Colors

| \
|

|

Il'

- Select All Displayed Pflow Qflow

=/ Bus Labels  Line Labels

Gen Labels Selection Mode

: Export Selected Import Preset

— [5;anch] 57(0ksh_to_97(H ~

[Branch] 64(A|
Z)_to_102(23)

KPG': Of

Q
AR A |
= e | KPG: HIE-=H
- A HE-AsH

Flowgate lines in the KPG test system

Flow [GW]

Corridor Line Flow
— — — System Operating Limit

5 10 15 20
Hour

Power flows on the flowgate lines

[17] St2OHR| ST, 20 H 2| S2tRE S84E”, Accessed in 2025
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KPG Platform: KPG Run and View

- Low Renewable, High Demand (Day 355)

Demand - Increase Increase Increase

« As demand increases, output from LNG generators in the metropolitan area rises

24



KPG Platform: KPG Run and View

- Low Renewable, High Demand (Day 355)

o= On: 2, Off: 2 On: 2, Off: 2 On: 3, Off: 1 On: 4, Off: 0
MOl On: 1, Off: 3 On: 2, Off: 2 On: 2, Off: 2 On: 3, Off: 1
Demand - Increase Increase InCrease
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Development of Grid Models

Power system operation model

«  Cost-effectively optimizes generators’ schedules (on/off status) and dispatch decisions, while ensuring grid reliability
+ Key models
v" ED (Economic Dispatch)
v UC (Unit Commitment)

v" OPF (Optimal Power Flow)

(2025.09.24) Grid Modeling Collaboration Day with NEXT group

* Discussed alignment of KPG 193 and NEXT's OPEN model under “OPEN Grid Initiative”
* Significance Grid modeling collaboration day

v" First collaborative effort to establish integrated national power system modelling in Korea
v Discussed model integration, public accessibility to ensure transparency and sustainability

v Set the foundation for joint validation and comparative studies between planning and operational models
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Development of Grid Models

(2025.06.30) Strategic MOU with Korean Electric Power Corporation (KEPCO)

* . - ENT=
Ou=smzt SRmeEy-t=oAganen <N
= S5 =15
HHASREY Y532 YU
KEPCO-KENTECH MOU Signing for Advanced Grid Modeling(AGM) Center

* Partnership with KEPCO’s Division for National Transmission Expansion Planning e el
- Key Commitments under the MOU " A

v" Receive practical feedback from KEPCO engineers on open-source models and
analytical results

v Access non-confidential grid data for model verification and refinement

v" Facilitate active participation of KEPCO practitioners in workshops and Discussion Hub

(2025.10.16) Discussion Hub with KEPCO

* Shared the advancement of the KPG 193 model and discussed future development direction
* Significance
v" KEPCO recognized open-source models as and platform for transparent discussion

v Confirmed KEPCO’s preference for trend-based analysis and periodic public insights

AGM Center Discussion Hub
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Major Activities for the Remaining Project Period

Empowering practitioners through education

* Provide professional power system modelling and electricity market education to utilities, system operator and researchers

* Provide publicly accessible model, online tutorials and educational contents to foster broad participation in open-source grid modelling

Online showcasing and publication

* Publish a comparative report between open-source and commercial tools to inform stakeholders on performance and transparency

* Launch an online exhibition presenting practical use cases with interactive and replicable examples

A

AGM(Advanced Grid Modeling) Center Tutorial
Power system modeling 101
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| 2025.10.17
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Online tutorial Viewer app: KPG View
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Next Steps and Roadmap o e

Korean Grid Annual Analysis

Publish annually to present quantitative trends in Korea’s power system operation and planning

Based on publicly available data to ensure policy-neutral and transparent analysis

Building a common analytical ground for industry, academia and policymakers

Topic Examples
v @Grid stability trends under increasing renewable penetration

v Regional electricity price dynamics under different market structures (LMP/SMP)

136.550

[M1] [M2] [M3] [M4]
138.920 134.722 PP ED)

(M3- 3-2) 73.900
138.881 13 .

8 921
o zd

[TEC
e 94.918 85.895 185

(M3-1) (M3-2)

104.178
I I . 72.661

93.493 =% .
34

|
Ha
oL x| 7} oL x| 742 B ol x| 7+ o ox| 7+A Regional electricity price under
SEIH 7 SEHA 7t SMP (left) and LMP (right)
D S &4
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Next Steps and Roadmap

Bridging Stability Analysis and Electricity Markets

« Current wholesale electricity prices in Korea do not reflect the outcomes of stability analysis
+ Results of stability analysis can be formulated as security constraints,
(m) : Z Qgpy + Z B fi < Limity
g€k lely
+ Congestion prices derived from the operational model enable these security considerations to be reflected in market prices
Congestion = — PTDF - =«

Operation Model

<—
(UC, ED) A .
. i f‘f%“JAS is, Price = (Energy)
Dispatch Security .--"~
Results Constrain
ts . .
Stability Analysis To be, Price = (Energy | Congestion | Losses)

(PSS/E, DSA Tool)

Bridging stability analysis and electricity markets




Next Steps and Roadmap

Power system planning model

« Development of transmission expansion planning & generation expansion planning models
* Methodological groundwork for long-term transmission planning
v Referencing international long-term power system planning practices

(e.g. FERC Order 1920, DOE National Transmission Planning Study)

v Cf. FERC Order 1920 mandates a 20-year regional transmission planning horizon,
integrating regional, interregional and local planning

Year KPG Platform development scope FERC Order No. 1920: How does the long-term regional
power | Economic Dispatch (ED) transmission planning cycle work?
Year 1 system * Optlmal Power Flow (OPF) This diagram illustrates Order 1920’s long-term regional transmission planning process, which is separate from and will
operation . . occur after the compliance process. The diagram illustrates the main planning stages for the new long-term regional
* Unit Commitment (UC) transmission planning requirements based on the development of scenario using a set of 7 planning factors, quantifying

) ) ) the benefits of proposed transmission facilities, and taking in state input on project selection for compliance filings.
* Generation Expansion Planning (GEP)

1 2 3 4 5
Following - : : i
years G&TEP |+ Transmission Expansion Planning (TEP) Soenaro gy | Stateconsultation | Identification of Benefits brorect salection
P 9 & add'l scenarios needs & facilities calculations d
o +Q factors
Scope of KPG Platform Development FERC Order 1920's long-term regional transmission planning process [18]

[18] GridStrategies
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Open Grid Initiative (OGlI)

NEXT K=NT=CH

grOHp Korea Institute of Energy Technology
Most credible policy thinktank Leading energy-specialized national univ.

Future scenario development (demand,
electrification, Al growth, population)

Model verification (academic credibility)

Model enhancement

Model scenario assumptions Computing power (Campus datacenter)

Narrative design Training & Education

Outreach & communication platform Academic conference

INETTT

International
Network of
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Thank you

For your attention




