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Future's Energy System Prospects in Korea

 Large-scale centralized long-distance ⇒ Small-scale production/consumption in the region

Transition to a Distributed Energy System (2040)

[Ref.] Measures to revitalize distributed energy led by regional initiatives (Ministry of Trade, Industry and Energy, ‘21.3)



Facility’s Capacity

Total~ 
90[kW]

90[kW] ~ 
100[kW]

100[kW]
~ 500[kW]

500[kW] 
~ 1[MW]

1[MW] 
~

No. 38,114 47,891 23,533 4,701 1,478 115,717

Cap.
(MW)

1,202 4,712 5,255 4,111 3,248 18,528

Status of DER with D/L (22.9[kV] or less) (’22.2)

T/L D/L

Cap. of Contract Type (‘19.8)

Cap. of Transaction Type (‘19.8) No. of Transaction Type (‘19.8)DER connected Cap. (‘19.8)

Total
18,494MW

Total
11,347MW
(KPX,PPA)

Total
485,604



Feeder hosting capacity for DER

 Limiting hosting capacity : Over-voltage 75%, thermal overloading 25% (Xcel Energy)

Hosting Capacity's Determining Factors

Thermal Limit Voltage Quality Protection Coordination Reliability/Safety

Substation TR Voltage Changes Sympathetic operation Power Islanding

Wired in MV grid Permissible range Under reach operation Operational Flexibility

Pole TR Voltage control scheme Increase of fault current Reconfiguration

Wired in LV grid Tap control scheme Reverse power flow Resilience



 (Method 1) New connected DER : Smart Inverter's grid support functions

 (Method 2) Legacy connected DER : Reactive Power Control of Monitor&Control Device

 (Method 3) Voltage managements cooperative control (OLTC + SVR + DER controls)

‘D/L voltage must not deviate from the proper voltage due to DER connection'

[Without WT generation] [With WT generation]



연번 기 능 송 전 배 전

1 Volt-VAR O O

2 Q set point O O

3 Fixed Power Factor O O

4 Watt-Var - O

5 Volt-Watt - O

6 Frequency-Watt O O

7 P Limit O O

8 Normal-RAMP O O

9 Soft Start-RAMP - O

10 Low/High Voltage Ride-Through O(Only LVRT) O

11 Low/High Frequency Ride-Through O O

12 Power Stop O O

13 Disconnection and Reconnection - O

14 Anti-Islanding - O

 (Method 1) New connected DER : Smart Inverter's grid support functions

 Smart Grid Group Std. ('21.11), KEPCO grid code (T-'21.3, D-'21.12), KS standard ('22.9)  



 KSGA-025-15-2 Functions of smart inverter for photovoltaic to support the power grid -
Part2: Requirements and test methods for transmission system



 KSGA-025-15-1 Functions of smart inverter for photovoltaic to support the power grid -
Part1: Requirements and test methods for distribution system



Development of Control Algorithm On-site VerificationMechanism/Stability Analysis

 (Method 2) Legacy connected DER : Reactive Power Control of Monitor&Control Device



To-BeAs-Is

※ 그림 출처 : EPRI, "PRINCIPLES OF ACCESS FOR FLEXIBLE INTERCONNECTION : COST ALLOCATION MECHANISMS AND FINANCIAL RISK MANAGEMENT", 2020

DER Hosting Cap. = DER Installed Cap.

 Suitable for low connected DER

- Priority for grid stability

 Requirement of reinforcement facilities

when DER connection increases 

- Increased investment cost

DER Hosting Cap. = DER Operating Cap.

 Needs to be applied when the DER 

connection increases

- Minimize investment cost

 Control method after pre-connection

- Monitoring and control tech.



 M.TR in substation hosting capacity standard : Installed Cap. 50[MW]  Operating Cap. 50[MW]

 Distributed Line hosting capacity : Installed Cap. 12[MW]  Installed Cap. 14[MW] + a

 DER with accumulated Cap. exceeding 12[MW] are conditionally connected (P curtailment)



Reduction of inertial energy due to DER increase → Rate of change of frequency

Increase in DER based on PCS(Inverter) : Reduction of grid inertia

Gridcode: 'Frequency Ride-Through’ requirement →maintains Pgen.evenwhenFreq. drops

Grid fault example in Texas

 Similarities : Loss of same-
scale power generation

890MW(’09) → 837MW(’10)

 Difference : Increase WT gen. 

675MW(‘09) → 4,300MW(‘10)

 Inertia decrease due to the DER 
increase of DER

 Increase in frequency drop

Possibility of dropping out of 
additional DER 



Freq. drop due to grid fault ⇒ Thermal-electric & RE plant loss ⇒ Large-scale blackout

 400kV T/L ground fault (Lightning strike) ⇒ Instantaneous (80ms) voltage drop ⇒ Plant
shutdown ⇒ Freq. drop

Large-scale blackout in UK: 2019. 8. 9. 16:52



Correlation between inverter-based DER Increase and grid stability

[L/HVRT curve of Distribution System] [LVRT curve of Transmission System]



 (Real-time) Establishment and Linkage of integrated control system : RMS ↔ LRMS ↔ ADMS

National-wide Renewables Management System (Plan)




