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l. Overview of power systems in Korea

K=NT=CH 1 Power Systems Lab
Korea Institute of Energy Technology



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

I 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

[Refda SRAdzY @2t G 3S 5/ -elécwictsbelety, IET Mhite RapeF, 2025.09y | €

K=NT=CH

Korea Institute of Energy Technology

2a88 %

(@ F%g}glrly Hon:e & Business

Active and Flexible
Main Distribution Networks

High Efficiency
1.5kV Low Voltage Feeders

Power Systems Lab



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)

conmecion]
whim @ ®0

PV6 MW
Installation

R e

Spring Summer Winter Feeder 2 (Saturated) : PV 12MW + 6MW (Max. Cap. 12MW)
180+ o]
B wind
-+ PV
(% 100 = Storage DC
Oth
T e = d e = INterface = fu wm =t o= o o= e
50 M Gas CC Additional
p W) |reckiin
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
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l Reduction in AC/DC conversion loss

m) Inefficiency & cost for AC/DC conversion
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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

I

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

L eicen AC Lo
AC WT Diesel Gen. (& Dgad
1 circuit 2 circuits DC DCrange  (kv) _ | m = N
\ A (kv) VSC Insulation (1.6 ~3.09 X hci= Voc ‘ | | ‘ i %
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- - = DC Load AC Load
1 circut 2 circuits ST 35 > 56(+28) < 106.8(+53.4) Ve \be B Network
DC 2 Ref: MVDC Grid Feasibility Study, CIGRE, 2020.2 — Electrical Network  —~ - Control&Monitoring

Power Transfer Capacity with DC conversion

Category MVAC MVDC
Configuration 0 U 2circhits (6core), 13.2 kV RMS 2-pole, 3 circuits (&ore),£35 kV 1.42 x
Voltage 0 uI3.2 kV RMS 2-pole, 35 kV 1.88 x
Current Allowable current: 525 A Allowable current: 715 A 136 x
(XLPE 325 mm2Cable) (XLPE 325 mm2Cable) '
: Transfer capacityd7.4 MW Transfer capacitymp 1 ®H  &&C) O f n
Total Capacity 2 Circuits< 35 x 13.2KV x PFx 525 A 3 Circuits< 2-Polex 35 kVx 715 A 4x
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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
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, an g If new load(RES)
A — ’ AR o KU % 5%-A
60MW
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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 : O35kV 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)
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MVDC Project #1 : O35kV 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
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| < 35kV MVDC testbed >

Sub-module: 28 level + 2 redundancy
(30MW & 15 MVAr)
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MVDC Project #1 : O35kV Converter Station

I +35kV MVDC testbed
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MVDC Project #2 : O20kV 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) FoIIow up Project
Main Areas

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

1) AC/DC ndGndmmm) AC/DC Hybrid AC/DC Hybrid Field
6 Hb Grid Technology Grid Pilot Plant Demonstration

* Core parts and devices (Hardware)

P t1 < pijeCt 3>
* Power conversion system, DC circuit SR * Lab. Test MVDC Grid
breakers excl. secured HVDC/LVDC tech. S O e .
Grid Circuit breaker Pilot Plant
@ AC/DC Hybrid Grid OPe'atIOﬂ> Compo  Protection device (Total operation Fast EV charging Networks
. . . M t tem,
. Desngn, protec.tlon and operation (SW) -nents R Grid /scfmponents
* Hybrid operation technology of MVDC testing, etc.) [Introduction to the MVDC Project in Korea]
rid with existing AC grid i i
g gACg CPTRE 25 o (Singapore 2022 symposium)
. R - : : components
6) AC/DC Hybrid Grid Pilot PIant) Grid SERCEHEN g
o . testbed
peration & control
* Building AC/DC hybrid grid pilot plant Operat e
EACDCH p EEIPREP P Protection & safety * Linking the on-
* Secure track records for components and iont going testbed project

grid operation, and verify performance
and safety

K=NT=CH 14 Power Systems Lab

Korea Institute of Energy Technology



MVDC Project #2 : O20kV DC Distribution Network
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