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l. Overview of power systems in Korea
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Development of Korea Power System

I Key Electric Power Index
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Power Supply Margins by Region

I Availability of RES Installation in South Korea

=) Significant regional differences in hosting capacity - no spare capacity for RESs in Jeonnam !
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DC Network Characteristic — HV vs MV vs LV

I MVDC : Linchpin Technology

= Hub linking transmission grid with customer, integrating distributed energy resources (DERs), and energy storage system

HVDC

Nuclear
Power Plant
St G [ — ﬁsmkv — (@
a Substation
%EL AC [ — ﬁ’im‘“’ —®
T—I;:a-r;al Substation
Power Plant

Inter-Regional High Power
Transmission Line 100kV

[Ref: “Medium voltage DC (MVDC) grids for an all-electric society, IEC White Paper, 2025.09]
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Medium-Voltage DC (MVDC) Grids

MVDC operation to overcome the excessive facilities and saturation of RES connection

I High voltage DC load & source

=) Fast charger with EV
DC load in urban (e.g., Data Center)

% DC (Data Center)

=) Expansion of RES & DC-based DGs

I Complexity of distribution network operation

m) Expansion of intermittent DGs increases the
complexity of distribution network operation

@ﬁéiéﬁb

I Increasing RES capacity & line rating

m) DC power flow control - efficiency &
Dx facilities deferral

m) Increase hosting capacity by maximizing
existing facilities

Feeder 1 (Unsaturated) : PV 6MW (Max. Cap. 12MW)

PV6 MW
Installation

Connection
|
g w0 w0

R e

Spring Summer Winter Feeder 2 (Saturated) : PV 12MW + 6MW (Max. Cap. 12MW)
180+ o]
M wind
-+ PV
(% 100 = Storage DC
Oth
e e e d e = Interface m du wm =t =m fu =m o
50 M Gas CC Additional
p W) jrodion
by . | I | I Geothermal
"06%00 0000 oS00 oS00 0o'00 0000 [Ref: NREL] Feeder 1 Feeder 2 Feeder 1 Feeder 2
* Generation scheduling including curtailment of RES
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I Uninterruptible power supply during fault

m) DC voltage forming + Multi-terminal
topology for bypass power supply

Upstream AC fault > AC blackout

Islanded operation
A Lo Shed
-IZ b lfﬁ ﬂ? l::!:E @M

Upstream . Separate . Lload Islanded
ACfault =~ DCine ~ shed = operation

l Reduction in AC/DC conversion loss

m) Inefficiency & cost for AC/DC conversion

AC feeder .
| 220kv (Converswn No.: 6)

sakv | 1
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MVDC Feasibility Study in Korea

I Direction of Change

= From radial AC to multiterminal AC/DC hybrid networks — higher structural complexity

=) IBRs and DC integration — large computational burden for system analysis

™

v’ Pros : Easy planning, operation, and management
v Cons : Low reliability, uneven line utilization, voltage drop and high loss

AC Distribution Concept

MVAC

€2 KEPCO CB

R

PV

Oor<=

v Pros : High reliability, high transfer capacity, flexible operation
v Cons : High structural and operational complexity, protection challenges

[ED Ac/pC Hybrid Concept
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MVDC Feasibility Study in Korea

I Expected Benefits

= DC delivers up to 4x the transfer capacity of AC under the same conditions

= 20MW (normal condition) x 2 AC feeder can reach ~80MW when converted to DC

AC 2 circuits p DC 3 circuits MVDC application range \ ——

Ac WT Diesel Gen. AC Load Dgad
1 circuit 2 circuits DC DC range (kv) 1.6~3.0 V.. =V ‘ m ! =
A \ (kv) VSC Insulation (1. .05) X Ve = Ve ‘ | ! ‘ : %
{ \ { \ 3 > 4.8(+2.4) < 9.2(+4.6) ol | | ! ! !
5 5 U = . I 6 > 9.6(+48) < 183(x9.2) S M—_@""TL'TL."T"LT"L’!"
® ® ® ® ® © 10 > 16(+8) < 30.5(x15.3) Uity Grid : ] i
11T T1 I I |
\(+) (-) | \(+) () | \(+) (-)} 20 > 32(+16) < 61(230.5) (In Korea) 3.05 x 22.9KV, o i s
y y y 229 > 366(+183) < 698(+349) ___. ) ) w o ==
- 70 V - i35 V DC Load AC Load
A et ) G 3 circuits 35 > 56(+28) < 106.8(+53.4) bC bC DC Network
DC 3 Ref : MVDC Grid Feasibility Study, CIGRE, 2020.2 — Flectrical Nemork ==~ Control&Monitoring

Power Transfer Capacity with DC conversion

Category MVDC Effect
Configuration 30, 2 circuits (6-core), 13.2 kV RMS 2-pole, 3 circuits (6-core), £35 kV 1.42 x
Voltage 30, 13.2 kV RMS 2-pole, £35 kV 1.88 x
Current Allowable current: 525 A Allowable current: 715 A 136 x
(XLPE 325 mm? Cable) (XLPE 325 mm? Cable)
. Transfer capacity: 37.4 MW Transfer capacity: 150.2 MW (=4x AC)
Total Capacity 2 Circuits x 3 x 13.2 kV x PF x 525 A 3 Circuits x 2-Pole x 35 kV x 715 A Ax
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MVDC Feasibility Study in Korea

I Long-distance supply using MVDC

= In Korea, loads greater than 40MVA or lengths exceeding 30km, power should be supplied using a 154kV Tx instead of the 22.9 kV Dx

MVDC replacement of a long-distance line scenario

A \
AC 154kV ' 60MVA
. an g If new load(RES)
J—— ; S is 60 MW,
60MW
MIr o casove— DC23skv ! 3oMw | —_
— T —
I 30MW w“ Q
@ - & o—— Ch .
MVDC MVDC 60MW
Station Expedited Power Station
Supply Implementation
Initial Investment Cost 20-Year NPV — AC NPV
60 — AC Investment Cost 80 « DC NPV
White Paper
50 - DC Investment Cos 7
60
= 1 Medium voltage DC (MVDC) grids for an
§ 40 all-electric society
wv
> 2
20 3 3 .
[IEC White Paper regarding MVDC grids]
0
0 8 16 24 32 40 48 56 64 0 8 16 24 32 40 48 56 64
FEEDER LENGTH (KM) FEEDER LENGTH (KM)

[Ref: “Medium voltage DC (MVDC) grids for an all-electric society, IEC White Paper, 2025.09]
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Medium-Voltage DC (MVDC) Projects in Worldwide

MVDC Projects are increasing world-wide in a variety of contexts

Sweden
+ Hallsjon-Grangesberg Project
+ Aland Islands Project

Denmark
* Tjaereborg Project Korea
« MVDC Tie Pilot
-U:ngle-DC él% » AC/DC Hybrid Distribution Grid Projects
* Network Equalibrium |—Japan o '
« Nottingham University @ @ * MVDC Distribution interconnecting MV/LV
° SA
Germany —@ I——Chlna ¢ iaBgBleHl:/aDss&-T;ht
* FEN Research Campus MVDC Grid » Jiangdong MVDC Project . Mackinac Proi
« SIEMENS * Shanghai Nanhui VSC DC Project ackinac Project
» AnhuilLu'an Jinzhai DC Distribution Project
* Beijing MVDC Project
_ * Suzhou MVDC system
India * RXPE Wenchang Project ~
* Vindhyachal Project » Zhangbei AC/DC Demonstration Project @
* Beichen AC/DC pilot project
* Guizhou University Demonstration Project Brazil
» Zhuhai Tangjia Bay Project + Acaray, Paraguay and Brazil

DC interconnection
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ll. MVDC projects in Korea
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MVDC Project #1 : £35kV Converter Station

I MVDC Device Testbed (Regulatory Sandbox)

=) +35kV MVDC Converter Station & Protection Devices with long MVDC lines

=) Plan to expand to the ‘future DC grid platform’ (based on two consecutive regulatory sandboxes)

Global Energy Innovation Zone

OperationModel & Demonstration

Future DC-basedpower system
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FutureDC-based systemplatform

[DC Global Innovative Sandbox in Naju]

K=NT=CH

Korea Institute of Energy Technology

Sy

KEPRI
Research Center

. e ST .
]

Substation
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MVDC Station 14{x2
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Photovoltaic

/ ; ,"/

7 A
) 4

— 22.9kV AC/2.0c-m
=  +35kVDC/5.5¢c-km

Arrester X 24|

—e~o— DC Breaker X 14

[MVDC Testbed at KEPRI]
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MVDC Project #1 : £35kV Converter Station

I +35kV MVDC testbed

O O O O
S |7 | el | |k e [T TTTT /T T
] —— :AC Overhead
---------- ‘AC Underground
) Pol
= | i ole —— DC Overhead
v
"< I (1 | [, :DC Underground
| < 35kV MVDC testbed >

Sub-module: 28 level + 2 redundancy
(3BOMW & 15 MVAr)
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MVDC Project #1 : £35kV Converter Station

I +35kV MVDC testbed

00009
* 160mm’'x4 Line

n_o_l_:_e

= AC/DC Hybrid
(A) Zl :

= 240mr’'x2.circuit

PV system

— —
K=NT=CH
e um—
Korea Institute of Energy Technology
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MVDC Project #2 : +20kV DC Distribution Network

I MVDC ‘Grids’

=) Goal: Development and demonstration of core DC technologies for 2030 AC/DC hybrid grid operation

Develop key components and grid technologies for MVDC grids, and pilot
AC/DC hybrid networks to verify integrated performances

Project Scope (2022~2028) Follow up Project
Main Areas

$222 million (Gov$159M,PS $63M) (2029~2031)

()AC/DC Hybrid Grid ComWnentSD AC/DC Hybrid AC/DC Hybrid Field
Grid Technology Grid Pilot Plant Demonstration

* Core parts and devices (Hardware)

[ t1 < Project3 >

* Power conversion system, DC circuit bk g * Lab. Test MVDC Grid

breakers excl. secured HVDC/LVDC tech. S O e .

Grid Circuit breaker Pilot Plant
@ AC/ DC Hybrid Grid OPe'atIOI'I) Compo Protection device (Total operation Fast EV charging Networks
. . . M t system,
. Desngn, prote<?t|0n and operation (SW) -nents i Grid/components
* Hybrid operation technology of MVDC testing, etc.) [Introduction to the MVDC Project in Korea]
rid with existing AC grid i i
g gACg P TS S (Singapore 2022 symposium)
N R - : : components
6) AC/DC Hybrid Grid Pilot PIant) Grid SERCEHEN g
o . testbed
peration & control
* Building AC/DC hybrid grid pilot plant Operat s
BAGDC byl gid plot P Protection & safety * Linking the on-

* Secure track records for components and iont going testbed project

grid operation, and verify performance oo

and safety

K=NT=CH 14 Power Systems Lab
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MVDC Project #2 : +20kV DC Distribution Network

Grid Technology _)

C Components

(D Power Conversion Systems @ Protection Devices(css) (3 Instruments(DCmeasurements, etc.)

I Planning, Design & Analysis Operating Systems |
I I
: / :l;é::sﬂ"l' | s4n 2 54 sn ' 3 :
T ' |
: ,»E»-{L 1
e |
|| |
— ) o A ki
il omvagmvoc ‘E - Eg@lxa " ’I Ei'i'? : W .l %(i};% :
MVAC .—-. MVDC -i\lo MVDC I

e Sl ® MVDC/MVDC

7] ©mvocvoc . Digital Safety Management | Testing & Evaluation

(3 Measurements, monitoring
and Asset Management

< Full-Digital AlA%
(PSCAD) >

/

= Close-to-real environment Test
» Full Load & Network Integration test bed
» Evaluation of Fundamentals and System Integrations

AC/DC
hybrid Grid
Testbed
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MVDC Project #2 : +20kV DC Distribution Network

I Verification of MVDC Operation System

Step 1 — Operation platform and application Step 2 - Testbed implementation

Testbed #1: Operation system verification

______________ > System development
Operation platform for utility

: :\/I;ddlev:«::lre del AC/DC Hybrid
nformation mode Network

~ Cyber security

Operation algorithm SIS

Hybrid Network - DC grid interconnection

(e. utility, large customer) é /island operation/protection AC Line ’,

1
i_____
- State monitoring ',‘g_-';i’:\ i
- Real-time operation l" ' i
- Fault identification | i
a7 i
! ~" Converter i
H Station !
V |
System development 3 i
for customer ’ ; N
: 4 4 ; 0
; P , @ ; MVDC Line (6km) . MVDC #1
i ) i (Converting AC to DC) _,’ (AA Substation)
i - i g8
\E/ New DC Grid i MVDC #2
mna (EV station, port) N (KEPCO New Energy Tech.)
- |
25§ | »
i - BB Substation

Overview of Operation System for Hybrid AC/DC Network
Testbed #2: P2P for RES connection

K=NT=CH 16 Power Systems Lab

Korea Institute of Energy Technology



MVDC Project #2 : +20kV DC Distribution Network

I Development of New Operation System

Hybrid AC/DC

Objective  V, P, Q Stable/Reliable DC V, DC Power, Stable/Reliable
OLTC, Breaker, Switch, FRTU, . . .
Asset DER-AVM Converter station, DC terminal devices
Analysis Pure AC AC/DC Hybrid
Fault Fault current based on Depending on topology and control of
impedance converter station
Switch on/off area, Relay Voltage & power set-point of
Control . :
adjustment, Power factor etc converter station
New operation system for hybrid AC/DC Dx grid
<AC Grid>
<Multi-Terminal DC Grid>
7 Converter
B’ﬁ s Station <DC Building>
BB e @ Ty
AC " B ' @)
Generator = . <DC Factory>
<EV Station>

Converter
Station

K=NT=CH
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<MVDC Dx Network Application>

[Off-line Study]

[Periodic]

Reconfiguration

[Event-Triggered]

ement

= X

Of|{X| &2 Application

Engrgy Management Voltage Manag

= E

R

Power Flow

..

DI R W
w b
grgs g

G e e

o

Stability Analysis
\fa‘?"’,';‘.g mﬂss raan

State Estimation

a0l mx
-
. p— B B 1 s BT
e T :
[ P L sl dorey
/ : W e @A
e h"a e s A
acjrj s - =
LT o ) 2272 2p e aee
] S
P 1ls ey A U4 App.

Fault Analysis

essoa oy B3 gopse
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[Ref: ‘Operation System for AC/DC Hybrid Distribution Network, MOTIE, 2022]
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MVDC Project #2 : +20kV DC Distribution Network

F Comprehensive Testbed ; Utilizing Completed Research Outputs & Operating a Testbed

AC/DC Hybrid Dx Network Testbed(g})

Team 1— Components

SR MIHTY

Control Method

QI B TFFAIBIAL . .
@ FNTEC ELECTRIG & FLEGCTROMG 50, T8, CerUIt Breaker

VITZROEM  Protection

KER/

pREIeTY

DC High-Voltage
Protection Device

Evaluation

- 20MW MV/MV
L > LSeecTric Converter
oD
5o 2MW MV/LV
o9 e
g .:_c:’ 3 HoRcitms Converter
(&) @
= KER/ Converter o|..

42kVDCHybrid @

Protection ..

Measure, Monitor, ¢}..

Team 2 — Grid Technology

£¢ €3O Dx network design e|...

82 G umuRa and analysis

Fa

S§E  KERI Operating& ...,

® ARIAT Protection system

o9

8‘?{, ETRI Environment gl..

s (Safety)

2.0

§ 3 KERI Performance ..
eI Evaluation

K=NT=CH
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MV/MV |
DC converter

h 4

> MMC
control

DCCB
(Hybrid Type)

v

»| Diagnostic
System

Design &
analysis

Hybrid Dx.
Operation

»| Advanced
Environment

.» Real-time
Performance

Mvv Lo
DC converter| :

» Switchgear, | |
Surge Arrester§y  ;

Component — Converter

Efficient / Controller o

Component —

CB/Switch/Diagnosis
Performance

Protection

......................................

Grid — Operation System

Operation system evaluation for
Comprehensive testbed

19

MVDC | .

MVDC |

#2

..... >
..... >
.. ..... >
:
.. ..... >

Evaluation #1— RES Hosting Capacity

* Measure Max Transfer Capacity: AC vs DC
* Saturation temperature under same load

Evaluation #2 — Allowable Load Demand

* Max load comparison using Soft Open Point

Evaluation #3 — Voltage Fluctuation

- Voltage fluctuation (for nominal voltage)
+ Compliance points / total measured points

Evaluation #4 — Dx Algorithm Accuracy

* Operation module calculation accuracy

Evaluation #5 — Human safety

* EMF human safety compliance check

Power Systems Lab



MVDC Project #2 : +20kV DC Distribution Network

AC/DC Hybrid Dx Network(22.9kV/%*35kV) Field Operation
On-site operation of the testbed incorporating MVDC technology
BB S/S
o | 2B C
o= A0 00 =™ DC)...
c/s Conv. Valve C/S AA S/S
AC 22.9 kV / 15MW = Monitoring (Existing) AC 22.9kV/10MW - (Conversion)DC +35kV / 16MW m
(AC Line) =l =
Monitoring MVDC Reliable MVDC
system controller | operation Controller
MVDC - Integrated system _ MVDC - Integrated system
A
Simulator- - MVDC
AC grid operation operation %m%
- KEPCO
Kdn . .
KDN AC grld. operation
Monitoring, Control

K=NT=CH 20 Power Systems Lab
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The leaderof future power grids
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