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Active Grid Project team

Overview of the Korea Power Grid
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= KEPCO is the sole Transmission Owner (TO) in South
Korea (3¢ KPX is System Operator(SO))

= KEPCO : Planning, Constructing and O&M
(T/L, S/S, HVDC, FACTS, and ESSs)
= KPX: Operation and market.
»  KEPRI is the research institute of KEPCO
= KEPCO : 24,000 workers
= KEPRI : 700 researchers
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NDC and Trends in Power Policies for Carbon Neutrality oycrview

[ Continued Expansion of Renewable Energy Expected in line with NDC Upward Revision
[ (9th Basic Plan) for Electricity (hosting) Requires 50.6GW of Renewable Energy Integration

o Commercial operation status : 27.1GW, '22.6

Renewable Energy Share and Capacity by Energy Policy

Policy target | Re-E gen ratio | Re-E capa.

th J
8 basic Plan 30 20% 58 . 6GW PV (34GW), Wind(18GW)
power supply

th 3
9% basic Plan 34 26.1% 77 . 8GW PV(46GW), Wind(24GW)
power supply

rd 3
3% basic Plan '40 30 ~ 35% 114 ~ 140GW ;

energy

NDC object ‘30 20 ~ 30% 61.3 ~ 97.8GW Nuclear gen 30%7T

2050 Net Zero ‘50 61% 613.9GW net zero plan B

- Systematic Expansion of Renewable Energy
> Establishment of Timely Stable Power Grid Needed



2030, 2050 Gen mix ratio Prospects (Estimated) Overview

ETC
1.7%

2022 Nuclear

Present 26.9%

| ETC

Nuclear
33%

LETC
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2050

Net zero

Nuclear Re-E 61%

3U% (Plan B%H)

Coal
0%



Current Status of Domestic Re-E (9th basic Plan) Overview

Commercial Operation Status : 27.1GW

Capacity (GW) 21.2(79%) 2.0(7%) 3.9(14%) 27.1(100%)

Connection application Status : 30.7GW (excluding commercial)

Capacity (GW) +11.6(38%) +14.9(47%) +4.7(15%) +30.7(100%)

Total commercial Total application

S

S|

PV ® Wind ® ETC PV =~ = Wind ® ETC PV = Wind ® ETC

X ETC : Fuel cell, Hydro, Biomass, Organic...



Forecast for the Proportion of Renewable Energy Generationg, . view

2 :10%('22) > 20%('30) > 26%('34)

Forecast for the proportion of Re-E (’22~ 34, IEA phase)

mmm VRE Share[%] =8=Generation of VRE [TWh] =t4=Power Consumption [TWh]

600
i
500 |25
i
1
400 ] 20
1
1
300 |12
1
1
200 1 10
1
1
100 | 5
|
|
0 1 0
L2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 |




KEPRI - organization and human resources Overview

8 Laboratory / 2 Office / 2 Center, 664 People

-

Administration Office KEJE("Z@' Fundamental Research Center >

_ —Résearch

R&D Strategy Office Institute New Energy Technology Lab. )
L Lk

g

| | | | —

Digital Energy & Power Power Power ¢ :

_ : er rower onvergence
I?ne Qrz\;/v aL:E. Solution Environment Generation Transmission Distribution Techn g| ogy) LR ecs;;fr ch |
Lab_ Lab. Lab Lab. Lab. Lab “\\\Ce nter‘//’l

V" Human Resource : 664 people [Researcher : 469, Others : 195]

New Energy Technology
[Gochang] Center [Seoul] Lab. [Naju]

KEPCO Research Institute | Electric Power Test Center Fundamental Research
[Daejeon]




KEPRI - role Overview

Performing a pivotal role in the Electric power

industrv R&D

@) Ministry of Industry &) Ministry of Finance

KEPCO's A e
generation - \

subsidiaries : {
A / 'KPX(TSO) \ KEPPGI; 4 -.

» Market operation
& Dispatch order

: {Electric Power Field R&D Supervision) KEPCO" s.'.

* Transmission, Transformation,

P edas . subsidiaries
Distribution, Sales, Overseas R&D business

Securing Future Growth Engines

* Leading Carbon Neutrality (Energy
Transition) and Digital Transformation o o
- Development of eco—friendly technology + Tech—-commercialization and resolving issues

Contribution to Management

 Gain revenue, cost—saving technology

Development of Power supply stabilization Tech.

Leading Electric power industry R&D

* Improving the performance of power facilities » Technical cooperation between institutions




KEPRI — R&D portfolio Overview

‘22 R&D Investment Plan : 550 Project, EUR 1.76 billion

Demand
side

Digitization

Expansion
Of RE

2050 Management
Net-Zero efficiency

Hydrogen
Ammonia
Gen

Generation

Resolving
issues
Intelligent
Power Grid

Distribution

Increased

acceptance
of RE
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Status and Prospects of RE in Jeju

[1 (S&D) Over generation owing to RE penetration increase(1% load of mainland'’s)

O RE capacity 871TMW(40%) / Jeju Gen cap 2,18 1MW('21)

Sources
Contents Max demand Remarks
SG RE HVDC total
910 871 400 2,181
Cap(MW) 1,012('21) over cap than needed(1169MW)
(42%) (40%) (18%) (100%)

[ (RE Pros.) 13% grow by year, Gen cap with 3 times the demand in 2034
O Jeju Gen cap(5.7GW*), Demand(1.4GW), RE cap 78.6% of Jeju Gen cap
* Jenu Gen cap('34) : SG 0.6GW, HVDC 0.6GW, RE 4.5GW

O RE share in Jeju(estimated) : 15%('21) — 34%('25) — 71%('30)

5,0:00

=*RE Power [MW]

4,500
4, (0
3,500
3,000
2,500
2,000

1500

L0

=]

2021

2022 2023

“#-Demand [MW]

RE capacity [MW]

2024 2025

2026 2027

2028

2029

2030

cf. RE penetration level in main land

0 10%('21) — 16%('25) — 20%('30)



Issues of RE penetration increase in Jeju

[ (Flexibility) 10 min. reserve not enough to compensate RE variation

Contents 2018 2019 2020 2021 2030
RE Capacity [MW] 452 580 774 812 - 3982
Curtailed 1,366 9,223 19,449 10,158
Energy[MWNh] ' ' ' ' 724,272
O Lack of Flexibility since 2025 - flexible resource needed
* flexibility increase by SG, ESS, dispatchable RE, RE forecast/monitoring/control, HYDC
1,200 8,000
== RE Capacity [MW] -8 RE Variations(10min) =+ Flexible Resource(10 min)
1000 m=mmmmn = - ogs0 o0z 10136 10235 | o454
: s cos
BOOD i
: - 720.8 .
: ;
o =
400 : :
: 5 s
200 : :
[ ] 1,000
: ' ’
I I I | i
< 2020 2021 2022 2023 : 2024 2025 : 2026 2027 2028 2029 2030 2031 2032 2033 2034 .
hbescsanaas i

Lack of Flexibility



Our Goal for RE in Jeju Grid

Demonstration of CFl (Control, Flexibility, Inertia) in Jeju
to improve the system stability and RE penetration level

RE output control
(Control)

Real-time curtail

M‘mﬁ‘ ~

RE output control remotely
using RE forecasting and
monitoring system

Forecast and monitor RE
Estimate penetration level
Remote control of RE output
(real-time, day-ahead)

Grid code of RE

Grid flexibility
(Flexibility)

ESS for NTAs

ESS to relieve transmission
congestion which may occur
according to RE variability

- NTAESS control for
congestion relief
(Non-Transmission Alternatives)
- Multi-purpose ESS
- Grid Planning considering NTAs

System inertia

(Inertia)
Flywheel Sync Condenser
GFM for artificial inertia

System inertia improvement
using flywheel SC
and Inverter-based Resources

- Demonstration of Flywheel
Synchronous Condenser

- Design of Flywheel SC

- IBR and artificial inertia for
RE and ESS
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HVDC Projects

Large scale renewable E connection &
concentration of power generation Yangiu BTE (Hyosung)
— Expand transmission lines

EP#1 PTP (GE)

+120kV, 200MW +500kV, 4GW

Shinbupyeong BTB (GE)

EP#2 PTP (00)
+130kV, 500MW -

+500kV, 4GW

Demand high-capacity power .

transmission and increased stability sukdangjins.mu;gl PETIR
— Increase IBR(HVDC, FACTS, ..) 2500k, 3¢
_ il
facilities A :

VA

Nz
=
Nz

DC back bone | q
© ok
L000kV, 00w | 4

AC-DC complex power grid

— Advanced operational strategy (control :(% i N
interaction, interoperability) | o
(j;j; AaL'S‘TO M)

+180kV, 300MW i gl : _
jeju-land#2 "‘l cii];B > S operatmg
(13, AREVA) / J‘-‘J"E |-T|I=.1) ®——@® Constructing
ESORGAMY Y s150kv,20Mw (NS Planning

% power system analysis

— Systemn impact analysis, operating system, ,:,-j
DC based fadilities performance verification .
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Overview (Our tea m) Research Projects (recent 3y)

[] Developing stable operation strategy and control performance optimization
technology according to the completion of GW-level Embedded HVDC and
changes in system operation conditions ('20.01 ~ 22.12 / 1.2£M)

[] Optimal asynchronous power grid division technology development and operating
system design using VSC HVDC ('21.01 ~ 22.12 / 0.5£M)

[J Analysis of renewable energy hosting capacity and development of automated

stability analysis tool for long-term transmission grid ('23.02 ~ 25.07 / 0.9£M)

] Development and demonstration of online supervisory HVDC control system ('23.03
~ 27.02 / 3.9£M)

[] Development and demonstration of online power generation constraint assessment

system based on dynamic stability ('23.07 ~ 26.06 / 2.3£M)



Our laboratory configuration ResearchiPiojects

In operation FACTS Dynamic Performance Test ('18~)
- 2 TCSC Controllers (‘19, ABB) ,1 STATCOM (‘20, LS Electric) = Field fault reproduction and analysis

= To be Installed - Shinjecheon TCSC gain tunning (‘19~21)
- 1VSC BTB HVDC Controllers ('24, Hyosung) - SSTl analysis ('22~)

- 1VSC BTB HVDC Controllers ('24, GE) - Domestic BTB HVDC DPT ('23.6~)




MajOr Performance Research Projects

HVDC/FACTS Dynamic ~.§?er11131ch9 Iest (DRI

Grid voltage, current, frequency, CB status, control signals, etc

1 —_—
om‘\/\/\ '
1 f

Ex) voltage fluctuation upon fault

& o
wm =
21 T 1
. Verification target controller

Ex) STATCOM reactive power

Output, control signals

Concept of DPT connection with RTDS and target controller



Deliverable — In house Tool #1  gescarch Projects

« Purpose : Automatically analysis in total HVDC optimal power transfer range
« Pre-installation required : PSS/E(over v33.4)
- Data managing : System topology(*.sav, *.raw), Contingency list(*.con),
Monitoring(*.sbsxml), Harmonic impedance(*.csv), UIF gen list(*.csv)
« Analysis Modules : SCR, FFTOV, UIF, MIIF, GSE, RPC Harmonic Impedance scanning,
Filter performance/rating, Reliability(overload, over/under voltage)

- Select HVDC rating - Temporary Overvoltage - System stability

- Main control scheme - Filter design - Facility rating

- System strength(SCR) - Main scheme parameter - Harmonic performance

- Reactive Power Capability - Damping control (POD, SSDC, eto) - Interaction study

- Harmonic impedance Scan - Remedial/mitigation action

- Screening interaction




Deliverable — In hOUSE TOOI #1 Research Projects

HVDC ELCAT HMI Overview

Each module analysis results

7 HVDC Screening Tool

1.Network
e — |"P“t Files :SCR FFTOV UIF MIF GSE Harmonic Reliability RPC :
‘ wind eax sav
Powerflow File (*sav, *raw) Open 1 . . 1
1 [A Apply Same Contingency with Overview i
i Zj.Dynamw Dynamic File (~dyr) Open 1 1
L1 1.2021winOffPeak dyr 1 Contingency File (*.con) Open 1
v [ dl Add Dynamic File (*dyr) Open 1 1
= 1
[] uDM_HVDC_SEBEAS 4| e 1
5 s iy = = UDM Flle (-l open : Voltage Condition 1
[7] Contingency Main2.con Contingency File (*con) Open 1 O current Operating Point :
4 Monitoring = 1 1
1 @ Normalization (Manual) 1
[~ HVDC 1 1
HVDC Project Dangjin_Godeok v : Votage e pu 1
1
Converter Station Rectifier 7059 : Transfer Power 0 % 1
1
1 Apply FACTS at Converter Station 1
HVDC Mode ® step Size 10 % 1 1
. Unit Change 1 [ Rectifier 100 Mvar 1
Data managlng () Set New Operation point 10 % 1 :
'
O Maintain Current Operation point Clinvefter Al Myai; 1
R ——— e e
. .
Analysis Select Al || Desslect Al |  HVDC Steady State Operating Point Ana |ySIS Optlon
i- SCR Rated Transfer Power MW
1
1 FFTOV Current Transfer Power MW
1
1 UIF Control Mode
I MIIF
| Mew Transfer Power I:| MW Unit Change
1 GSE ]
| Save & Apg\y
: Harmonic
1 Reliability . .
i Analysis module selection
e S e ] fn

Setting Files List

1 Network : Ct/main_v21, 2/HYDC_Script/ROOT/ 1 Netwark/1, 2021 winOfPeak, sav

2.Dynamic Main : C:/main_v21. ZZHVDC _Script/ROOT/2. Dynamic/1, 2021 winOftPeak. dyr

UD : C:/main_v21, Z/HVDC _Script/ROOT/2.Dynamic/dIl/UDM-_HYDC_SE T D dil
3.Contingency Main : C./main_v21.2/HVDC Seript/RO0T/3. Cnnungencv/Cnnnngancy,MainZn:nn

Qutput  Progress




Deliverable — |I1 hOUSG TOOI #1 Research Projects

Operation Range Analysis Result

Run & I SCR I FFTOV I UIF I MIIF I GSE I Harmonic | Reliability I RPC I Setting

Result Summary Chart Plot Data Scenario Analysis

—— base case
— 1E(RSTI-Ne)
—— 2E(ASN-USTSW)

— 3u(=2T3-LETSW)
4T HSWS-UTH3S)
v

I UF

[ MIIE

[ GSE |

[ Reliability ]

7050 | 4950

L RIC |

W m w0 w0 m we w w (T ) T T I

Output  Progress

rznzzrueaT g 5
2022/03/31 1506112 End HVDC APPLY kase case 53,9661 2698 17.9887 134915 107932 89943 77004 67458 59962 53966
2022/03/31 1506112 C:/main_VI&/HVDC _Serip/ROOT/ 3 4
2022/03/31 1506112 C:/main_VIE/HVDC_ScripvROOT/ | 18t(S 5 RI3-AlAh 288637 144218 96212 72158 57727 48106 47224
2022/03/31 1506112 C:/main_V16/HVDC_SeripyROOT/
ME%: IgSS‘zS ?,ﬁ,"::;&“g,m;c 2SI TSW) 386772 193386 128924 06693 77354 64462 55253
2022/03/31 15:06:20 Working Time : 7,71 55533369471 43(
3HEBU-UZTsw) 353433 17,6717 117811 88358 7.0687 58906 5049
4B TWS-UETS) 385204 19.2602 128401 96301 77041 64201 55029
SH(ARTIW-Ef2iTP3) 495209 247605 16507 123802 90042 82535 70744 61001 5.5023 49521
eAIS TS A Tsw) 385204 19.2602 12.8401 96301 77041
TS SETARTW) 147183 7359 49051
gH(RE1- IS SBY) 53065 26986 17,0884 134013 10793 89942 77003 67456 50061 53065
OH(1%1-3%) 53.9446 269723 179815 134861 107889 89908 77064 67431 59933 53045
QEEEIES) 53,9641 269821 17988 13491 107928 B934 77002 67455 599 53964
1HEGEY) 52,0611 269805 17987 134003 107922 89935 77087 67451 59957 53961

2

HVDCHE7ls 99 7t E HMIRHH

r




Deliverable — In house Tool #2  gescarch projects

RTDS Pre/Post Processing Tool

*  Purpose : Reducing errors and associations when converting RTDS DB by processing PSS/E DB
* Pre-installation required : PSS/E
* History : Developed ver1 in 2019(Network, Dynamic, RTDS, Miscellaneous)

Developed ver2 in 2022(DB consistency comparison, Add Dyr default parameters, etc)

- Data Error Correction - modify Gen X Source - Short Line Compensation - Conversion Validation
(Parameter Range, etc) - Control System Limit - Rack and Process Allocation - Generator Dynamic Response
- Steady State Check - Impedance Correction - Modeling

(Topology, Slack, etc) - Numerical Stability Correct - RTDS case Analysis

- Renew Energy Aggregation - Governor Limit Constraint - RTDS Rack Manual Allocation
- Resource Minimization - Gen Model Parameter - SSTI Analysis

- Conversion & Integrity

- Result Verification




Deliverable — In house Tool #2 rescarch projects

RTDS Pre/Post Processing Tool

12) RTDS Pre/g]

n
1
: Nety Netv Netw Network Dynamic RTDS
L1k
b TNet |v ¥ 1.Network 1 §
= 22-23in_peak 33200 o %} Result Verification X
/E Network . . P )
v [ 20y | v v [7] 2.Dynamic PSS/E Network Data (“.sav, *.raw) 2 FndiAg Tran oam ? Sav raw )
Z 22-23win_peak 93200 23.53win peab | =
3Rl Ao ]| DYR_Generator 23021 pe First Data |22-23wwm_peak_QsZOOMW(max].sav | Open MWTransformer
4Mig |~ 3RTD |~ v 3RTDS
S el #Output file W | second Data | Open B
4 Misi 4.Misc 4 Miscellaneous Output — Data Adequ - P / ( ]
e Interested Subsystem (*.sbsxml) Inpl its SS E data _P3°raw
| Data Error
Steady Staté Optional Data | | Open
el Bus number Bus name Area name  ‘cltage(pu)[Before Woltage(pu)after] Volt ~
— Equivalence |1 2 LEEE o 1.0546 154
s = o = i
Radialforp |2 9 sfEH =5 1.0548 154, lus
Radiired |3 |1 ZEaY o7 1.0452 154,
ial for
4 18 ERLl o 1.0439 1.0436 154 x< |ooooioo [3] pu B < [0.000000 [3] pu
Multi-POI A - §
5 19 B i [E o= 1.052 10517 154,
i’ |2
= 6 28 ZASs o+ 1.0263 110 | §
Resource M Open Subsys
) 7 2 =Z~36 o 1.0263 110
Light Gener ansforme
lpgen| fME |3 30 =AAT o= 1.0263 110
|Load| A Z=£33 o 1.0263 10 | le| opor
= 10 32 BorHE o7 1.0548 154,
Negative Lo
Fload 1 42 SEEE o2 1.0544 154,
< >
Bus Machine Branch I—---------.
slect All Execute || |Result Verification :
& " " % 5 B
2023/06/05 | | 2023/06/05 1 | 2023/06/05 1 | 2023/06/05 16:54:52 - Number of Racks © 28 &
2023/06/053 | | 2023/06/05 ' | 2023/06/05 1 | 2023/06/05 16:54:52 2. Compensation for Short-Transmission Line between Racks <Complete>
2023/06/05 | | 2023/06/05 1 | 2023/06/05 1 | 2023/06/05 16:54:52 - Number of Compensation: 93 Output : Compa re data ( CSVv )
2023/06/05 | | 2023/06/05 1 | 2023/06/05 1 | 2023/06/05 16:54:52
2023/06/05 | | 2023/06/05 ' | 2023/06/05 1 | 2023/06/05 16:54:52 RTDS Allocation of Racks & Short-Transmission Line Compensation Processing Time (sec) - 3
2023/06/05 | | 2023/06/05 1 | 2023/06/05 1 | 2023/06/05 16:54:52 nd RTD!
2023/06/05 | | 2023/06/05 * | 2023/06/05 1 | 2023/06/05 16:5537 == ==Start Result Verification==
2023/08/05 | | 2023/06/05 1 | 2023/06/05 1 | 2022/06/05 16:55:4: =End Result Verification= v

g g g ge Log Progress




Deliverable — In house Tool #2 rescarch projects

A B C D E F G H -_..L...-

1 Bus numbdBus namel\rea age(pu)[Bdage(p ):a{tage(BaséDewatlonl Error(%) oltage Gap
2 0 FEEER 1.0550095 154 ~ bm====-=
3 1 9 BT EH-? 1.0551846 154
4 2 17 244 g3 1.0455332 154
5 3 18 ZHALY g7 1.0442708 1.0438194 154 -0,000451 0.0432193
6 4 19 74Ea o 10523599 1.051905 154 -0.000455 0.0432269
7 5 28 AR5 OfP 1.0266926 1
8 6 29 ZA36 P 1.0266926 1
9 7 30 ZAR7 OfR 1.0266926 11
10 8 31 ZARg Ofp 1.0266926 1
1 9 2 St ™ g 10551847 154
12 42 +HEH 1.054747 154
L S ST ___[LOSI > Generator P & Q Gap
A B C D : ; G H [ J K L M N o} P omeOececcBaeg
1 Bus numbdBus namefrea nam{ 1D Pmin(MWPmax(MWRmin(Mvagmax(Mva| Mbase h(MW)(Beh(Mvar)(BdPdev(MWhdev(Mval Perr(%) | Qerr(%)) Prate(%) | sz(%)]l
2 [ 21421 T RFGT1ZE 7|28 1 115 162 -70 98 220 153.89999 32.44458 14210052 0.6064873 0.9233303 1.86930230:64594 15— 0275676~
3 1 21422 THEEGT2 A7 %8 1 115 162 -70 98 220 153.89999 32.44458 14210052 0.6064873 0.9233303 1.8693023 0.6459115 0.275676
4 2 21423 THERST1 47|25 1 59.700001 172 -70 9 227 163.39999 44.14027 1.5149994  0.57687 0.9271722 1.3069018 0.6674006 0.2541277
5 3 21441 ZHGT ZH7=8 1 173 23800002 -110 155 355 2348 67.876091 2.2229919 09971237 0.9467598 1.4690353 0.6261949 0.2808799
6 4 21442 THGT2 ZA7|=2 N 173 238.00002 -110 155 355 2348 10716651 2.2229919 1.219223 0.9467598 11.376903 0.6261949 0,3434431
7 5 21443 ZHST1 Z47j=8 N 87 245 -100 137 31579999 242.40001 13.079314 2.2979889 1.2828865 0.9480152 9.8085151 0.7276723 04062339
8 6 21444 ZHGT3 Z7|=E 1 173 2365 -110 155 355 233.2 10775355 2.2070007 1.1865625 0.9463983 11.011818 0.6216903 0.334243
9 7 21445 ZHGT4 Z7|28 1 173 2365 -110 155 355 2332 67.879974 2.2070007 0.9958191 0.9463983 1.4670293 0.6216903 0.2805124
10 8 21446 ZHST2 ZA7|=28 1 87 244 -100 137 315.79999 240.00002 13.153669 2.2739868 1.2495651 0.9474944 9.4997456 0.7200719 03956824
1 9 21471 ZHEAGH |2 1 232 290 -129 180 413 2755 26.445702 2.6260071 1.2101345 0.9531786 4.5759214 0.6358371 0.2930108
1210 21472 ZHHAGH 7| =2 11 232 290 -129 180 413 2755 26.139174 26260071 1.2112827 09531786 4.633974 oeasas:rh 0'593
T ranc Q Gap
A B C D - F G H [ ) K L M N o =i e 55
1 From Bus nurl Bus numiranch nanjm Area nd Areanarl  ID  hate A(MVMW)[BefoMvan)[BefdMW)[AftdMvar)[AftPdev(MWRdev(Mval Perr(%) | Qerr(%)|| Prate(%) IQrate(%)ll
2 0 8 92.’955’8! i3 FER 30822439 00001154 9043303 l———————
3 1 8 YHHT- IR g 2 3.0822439 0.0001154 -9.043303
4 2 8 42 YHATH -7 = il 7.399601 -0.000173 21.710428
5 3 8 42 YT 7 o3 2 4.8277578 -0.000173 21.710428
6 4 8 130 SYHH- 47 g " 2.8369823 5.7669E-5 -12.66713
7 5 8 130 Y- iR e 2 8.6347141 5.7669E-5 -12.66713
8 6 9 32 SR o 1 0.0820218 -4.562E-6 -0.240652
9 7 9 32 SHEF- 0P g 2 00820218 -4.562E-6 -0.240652
10 8 17 2 ZHALY-P | 89996424 0.0861515 -48.27401
1 9 17 8560 EEALY-.CfP g " 89996424 -0.086152 48.274006
12 10 18 96 ZTRALY-:Cf7 e 2 7.7598095 0.0634079 -41.62357 0.0633572 -41.58735 -5.07E-5 0.0362282 0.0799604 0.0870376 9.4521E-6 0.0067539
-- —_—— e e - — - — r




Deliverable — In house Tool #3

SST1 analysis tool

Research Projects

Damping Analysis
(Mech, Elec)

UIF Study > 0.1

(Unit Interaction Factor)

@ Gen-turbine data > @ Mech. damping analysis

® Vendor's UDM + RTDS large scale power grid
model > @ Elec. Damplng anaIyS|s > @ Compare

Mechanical data

/ @ steam ratio

I Sie +Sap +Sto=1

S\o
@ Mass Inertia
........
_\,
Hyo <as
\ \
L= 1 ——

® Shaft Constant

Mitigation Strategy
(Grid Topology change,
SSDC Tuning)

Time Domain
Simulation

PN s Vit [T

= If):é'i'i;ping, mode frequency calculation

In house tool

Put RTDS multimass gen data




Deliverable — In house Tool #3  gescarch Projects

SST1 analysis tool

&r 283861
26571
aF 26972
26873
2r Zercline
=
a
= °f —
=0
0
ar 2
=i -4t
=t
=t

5 10 15 o 25 30 3% 0 a5 ¢ 55
F=Mr== (Hz)

HVDC « near CC SSTI analysis results

Damping value (p.u]

Turbine Inertia(J), Mode frequency &
Spring constant(K) Mech damping
(site acquisition / design data) Based Modal analysis
Tup Tip Tien Tipa Te
| | | | ! %,
Kais K K
HP — lIPorLP.[] LPg 1 LPay 1] Gen
Is Ja Js Ja I
hoo 0 o 0% Kk, ke 0 0 0 1[f:
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Deliverable — In house Tool #4

Research Projects

Long-term power system analysis tool

in the long-term power System (Limited Information)

[ Analysis of Interregional Power Exchange and Transmission Capacity
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On-going

Renewable Transmission Hosting Capacity P e e
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Renewable . votase | Il - . [ V. [\ [ e .
Generation rating ag Transient Fregeuncy i A
Stability " e Small / R _—
Target Stablllty Stablllty Slgnal f Grid II \// / NS
. | | itical |/ W 2 issi
Stability | Strength ! 1 Critical | 4 AR
\ /\ Inertia S I\ Flexibility | | Hosting
. N w WY Capacity
160.0 . 200.0 p 200GW
-o- Renewable Generator Target(Estimated) [GW] 150GW —e- Transmission Hosting Capacity(Planned) [GW]
Transmission Hosting Capacity(Planned) [GW] 180.0 - /
140.0 ~@~ Grid Reinforce Plan - Case 1 [GW] / 9
1200 ; 160.0 1 Grid Reinforce Plan - Case 2 [GW] /’[ WSO'.GW
: : Hosting Capaticy ’.
\ Shortage 80GW 1400 © s Grid Reinforce Plan - Case 3 [GW] " 140GW
(Shortage) /7 '
1000 1200 4 ,
80.0 - ' 100.0 +
60.0 ; — 800 -
4506W | 60.0 -
400 E 475GW ‘
3.0GW 20.0GW 38.86W | : ; 400 -
(Margin) [ '
200 - Do ; ;
717.0GW E : ! 200 -
00 = - . L . . . 00 - : ; ‘
2021 2030 2040 2050 2021 2030 2040 2050

= Transmission Hosting Capacity — Advance stability analysis method for IBR base grid

= Analysis effect on improvement of Hosting Capacity for the draft reinforcement plans




Multiple HVDC system online control system
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Research Projects

£ :
& TTan ugesae | TOM (SCADA)
il grid modeling |
m..l (1L ':l" B =
: »
PSS/E data
SCADA PMUC|O]Ef
(DNP 3.0) (C37.118) PSS/E data
(FTP)
e\
P ’\%?ﬁ)
S — ) .
] ©~" Online Control S¢se
Firewall o
..........................
PSS/E
DC based jmmpi [ Over-load/Over-
e * voltage solution
Faciities control Common network || Control 9 !
. L ; in
interface Fommand|| 19 | yeong
(IEC61850, DNP3.0, etc) HVOC
Negwpowercommend —[Newcorirolmode New coniol conmrend
(MW (LP.V (Vael)
Y ,
e EE .

i Yangju VSC  shinbupyeong VSC Mimic controllers |
i HVDC replica |

HVDC replica (nearby installed FACTS) |

[ Configuration of proposed HVDC on-line control System]

= Changing DC Power capacity/direction due
generators operating conditions and load level

No common DC operating area > Operation strategy is very complicated
Need to change the flow level using the HVDC online control system

to some contingencies, according to




Generation Constraint Assessment On-going
: Research Projects

N FL 1] » Coal generation is reduced by the constraint
e S o shown in the figure above, and instead, LNG
power generation is increased

3000 /‘/

« pReduction of Power
. Generation Constraints

» The cost difference in the figure above is
$1.3M due to the difference in fuel cost

» Delay of transmission line construction

became a global trend due to various issues,
it is becoming very important to accurately

calculate power generation constraints

To-Be
= Korea ISO has applied generation constraints to

satisfy reliability standards » Improve the ability to respond power system

« In particular, constraints amount on the east disturbance by on-line dynamic security assessing
and west coasts are a lot due to a transient
stability

8 9101112 131415161718 192021222324 25 2627 282930 313233 34 36 36 37 38 3904041 42 43 44 45 46,47 48
iMW = As-IS (uw] - To-Be (Mw]

» Find the conditions daily that can maintain

ower system stability with minimum constraint
» Peak and off-peak prediction data for a specific P y v

period are simulated in advance to derive power
system stability limits, and generation constraints
are applied based on this

Lower SMP/reducing constraints cost and increase

=  Excessive generation constraints are applied

power system stability
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