
The Global Specialist in Power ICT, KEPCO-KDN 

 2017. 4.19 

Introduction of Energy 
Management System 



Contents 

 II. EMS in Korea 

 I. KEPCO-KDN & Power Sector of Korea 

 III. EMS Features 

- 1 - 



  I. KEPCO-KDN & Power Sector of Korea 

•  KDN & KEPCO Group 

•  The Business Coverage of KDN in Power Sector 

•  The Power Facilities of Korea  

•  The Power Grid of Korea 

- 2 - 



KDN & KEPCO Group 

MINISTRY OF  POWER & ENERGY 

6 GENERATION COMPANIES 

               KHNP 

               KOSEP 

               KOMIPO 

               KOSPO 

               WP 

Nuclear & Hydro/Pumped  Storage Plants 

               EWP 

           KEPCO KPS 

Maintenance & repairs of Plants  

           KEPCO E&C 

Engineering & Construction Service 

           KEPCO NF 

Nuclear Fuel Manufacturing 

ICT Services for Energy 

SUBSIDIARIES 

BUSINESS AREA OF KEPCO 

Transmission 

Distribution 

Sales 

Thermal & Combined  Cycle Plants 
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The Business Coverage of KDN in Power Sector 

OPGW , Wimax, TRS  OFC, ADSL, HFC Telecomm. 
 Infra 

Linkage Linkage Linkage 

· Facilities supervisory 

· DCS 

· Generation Info. Sys. 

Generation  IT 

· EMS 

· SCADA 

· Power Trading System 

· REC Trading System 

EMS & Trade  IT 

· Substation Automation  

· SCADA&RCC Operation 

· Total GIS 

· T/L Monitoring System 

Transmission  IT 

· Distribution Automation Sys. 

· Transformer Monitoring Sys. 

· Distribution Information Sys. 

Distribution   IT 

· AMI 

· Billing 

· Call Center  

Sales   IT 

Telecommunication is essential element that realizes intelligent Power Grid 
It is like a human neuro-system 

Telecommunication          Power Grid           SMART GRID +       = 
ISP Subscriber 
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EMS & Power Trade Generation Transmission Distribution Selling 



The Power Facilities of Korea 

Transmission 

• 765 kV, 345 kV, 154 kV 
• Length: 33,316 c-km 

• 822 Substations 
• Substation Capacity 

: 298,294 MVA 

Distribution  

• 22.9 kV,  380V, 220V 
• Length : 465,278  c-km 

• 22.0 million Customers  

Generation 

Thermal 
29,611 

(29.2%) 

Nuclear 
21,716 

(21.4%) 

• Total Capacity : 101.4GW (100%) 
• 400 Generators (180 Plants) 

Hydro 
6,471 

(6.38%) 

ETC 
3,750 

(3.7%) 
Alternative 

11,009 
(10.85%) 

Unit : MW Internal combustion 
330 (0.32%) 

Combined cycle 
28,512 (28.1%) 

Power Sales 

• Quantity of sales : 46.4 billion kWh/Month* 

• Amount of sales : 3.8 billion US$/Month 

    * As of January, 2017 

Customers 
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The Power Grid of Korea 

TRANSMISSION 
Nuclear, Thermal,  
Hydro, Renewable 

380V 

High-voltage 
 Customer 

Low-voltage  
Customer 220V 

3-Phase  4-wire, Star connection  

22.9kV  

22.9kV 

GENERATION 

CUSTOMERS 

Distribution line 
Line Switch & 
Transformer 

Primary Substation 

(765kV » 345kV) 

(345kV » 154kV) 

Secondary Substation 

(154kV » 22.9kV) 

DISTRIBUTION 

- 6 - 



 Ⅱ. Energy Management System in Korea 

•  What is EMS 

•  History of EMS in Korea 

•  Background of EMS Development 

•  Main Control Center 

•  Location of Control Center 
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What is EMS Guarantees reliable operation of nationwide Power System 

Configuration 

❖ International Standard Protocol (DNP3.0, ICCP etc.) 

❖ High reliability and security on electric power grid 

❖ Secure power flow on national and regional grids 

❖ Enhanced operation efficiency 

❖ Optimum utilization of transmission network  

❖ EMS R&D for application development (2005~2010) 

❖ EMS Main Center Implementation in Naju, Korea  

❖ EMS Back-up System Implementation in Cheon-an 

❖ EMS implementation in Uiwang to monitor Seoul area 

180  
Plants 

745 
Substations 
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Features Experiences 

   

Seoul 

Back-up 
Center  

Seoul 

Cheon-an 

Control & 
Monitor 

EMS 



History of EMS in Korea 

- 9 - 

Energy 

Management 

System(EMS) 

Energy 

Management 

System(EMS) 

Energy 

Management 

System(EMS) 

8,917MW 22,294MW 93,216MW 

59,614MW 

SCADA, AGC 

L&N (U.S.A.) 

1979 

SCADA, AGC/ED 
NA, DTS 

Toshiba (Japan) 

1988 

SCADA, AGC/ED 
NA, DTS 

Alstom (U.S.A.) 

2002 

SCADA, AGC/ED 
NA, DTS, DSA 

KDN (Korea) 

2014 



Background of EMS development 

Construction & Operation of 
Next Generation EMS 

(Nov. 2011 ~ Oct. 2014) 

Over 30 years, 
 Experiences on Large Power System Operation 
 Operation and Maintenance Skills on EMS 
 Support from advanced IT Technologies in Korea 
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Main Control Center 

❖ KEPCO-KDN developed EMS is in operation from October 18, 2014 
   ·  Nationwide credible Power System Operation is guaranteed 
   ·  Frequency is maintained at 60Hz ± 0.2Hz by AGC 
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·  Primary Control Center : Naju 

·  Backup Control Center : Cheonan 

·  Seoul Control Center : Uiwang 

·  290 RTUs with DNP 

·  13 RCC Data Links with ICCP 

·  6,000 Buses 

·  45,000 Analog points 

·  72,500 Status points 

P 

B 

S 
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Location of Control Centers 



 Ⅲ. EMS Features 

•  Functions of EMS 

•  EMS Software Architecture 

•  SCADA (Supervisory Control and Data Acquisition) 

•  AGC/ED (Automatic Generation Control / Economic Dispatch) 

•  NA (Network Analysis) 

•  DTS (Dispatcher Training Simulator) 

•  Benefits with KDN 
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· Major functions 

  -  SCADA 

  -  Generation Applications 

  -  Network Analysis Applications 

  -  Dispatcher Training Simulator 

· Database Modeling Tool 

· Web-based User Interface 

· Renewable Energy Control 

· Dynamic Stability Assessment 
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Functions of EMS 

Messaging & Middleware 

Generation Application 

UC OPF SCED 

LF ED AGC 

Network Application 

OS TTC VVD 

DPF SE 
Network 
Topology 

TLR SCA CA 

Dispatcher Training Simulator 

Instructor 
Position 

Power 
System 
Model 

Control 
Center 
Model 

DTS DB 

Real time Data Processing 

Analog/Digital 

Event 
Processing 

System Monitor 

Pulse/Manual 

Alarm 
Processing 

Online Monitor 
& Control 

Report/Trend 
Graph 

Data Acquisition & Control 

Scheduling Comm. Err. 

Protocol 
Handler 

Supervisory 
Control 

Graphic User Interface 

Application 
Common 

Model 

Historical 
DB 

Real-time 
DB 

Generator, 765/345kV S/S RTU KEPCO SCADA, Jeju EMS 

… 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Operating System(Unix, Windows) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Real-time DB 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Application(C, C++, JAVA) 

Training Real-time 

SCADA 

Generation 

Network 
Analysis 

DTS 

External link 

Data Link 
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Regional Control Center 

RCC 

Cost Based Pool 

CBP 
External 
System 

Power 
System 

Equipment Control 

Telemetry 

EMS Software Architecture 



765kV/345kV 
Substation 

Power Plant 

Regional Control Center(RCC) - KEPCO 

154kV Substation 

EMS HOST 
Main Backup 

RTU 

FEP-B 

RTU 
Server B 

RTU 
Server A 

FEP-A 

RCC 
Server B 

RCC 
Server A 
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SCADA Configuration 



Location 
Power 

Plant 

Substation 
Total 

765kV 345kV 154kV 

Number 108 5 73 667 853 

Scan rate 2 sec 2 sec 2 sec 4 sec 

Data In/Out 
Input (points) Output 

(points) 
Total 

Analog Status 

From RTU 
(Direct scan) 

7,597 14,878 177 22,652 

From RCC 
(Data exchange) 

13,941 24,146 - 38,087 

Total 21,538 39,024 177 60,739 

As of Mar 20, 2017 
❖ Data acquisition scale 
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SCADA Data acquisition scale 



 

 Layered by voltage level for each substation 

 Displays value and direction of flow, 

    bus voltage, circuit breaker status, etc. 

 Changes color for limit violated analog values  

    and displays alarm 

 Pop-up control display to change analog or  

    digital point, transformer tap, etc. 

 Link to adjacent substation display 

Substation diagram 

 

 Full diagram of Power System Network 

 Different color for each voltage level 

Displays value and direction of flow, bus status  

    and line status 

 Decluttering by zoom level 

 Link to adjacent substation display 

Power System Overview diagram 
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SCADA Single-line diagram 



❖ AGC controls generators to maintain the frequency at 60Hz 
      Economic Dispatch calculates targeted output of all generators based on fuel  
      cost (i.e. ascending order from cheap to expensive) 
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Load Frequency Control Economic Dispatch 

Regulation & Dispatch 

Interchange 
Scheduling 

Raise/Lower 
Generation 

Actual 
Generation 

Actual 
Interchange 

System 
Constraints 

Energy 
Cost Curves 

Economic 
Limits 

Operating 
Frequency 

AGC/ED What is? 



❖ Power demand and supply should be equal at any moment in time  
   ·  Frequency decreases if generation is smaller than the demand 
   ·  AGC controls generators to increase their output and keep the balance 
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DEMAND SUPPLY 

60 - + 

Decrease Increase 

Frequency 

Load 

Losses 

Sales 
Inter-Regional 
Interchange 

Purchases 
Power 

Generated 

AGC/ED Load Frequency Control 



❖ AGC signals to control generators are sent every 4 sec. interval 
   ·  Targeted AGC set-point is calculated based on current output and ED 
   ·  Economic base point is decided by ED within operating limit 
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·  ED(Economic Dispatch) : Dispatch generators economically  
·  SCED(Security Constrained Economic Dispatch) : Dispatch generators 
                    economically by considering security of Power Grid 
·  CA(Contingency Analysis) : Analyzes credible contingencies  
·  SE(State Estimator) : Estimates accuracy of telemetered values 

S 
C 
A 
D 
A 

G1 

G2 

Gn 

… 

ED 

ED 
Base Point 

Target 

SCED 
Base Point 

or AGC or 
Base Point 

CA 

SE 

SCED 

or 

Operation 
limit of  

Generators 

AGC/ED Generation control flow 



Displays generation summary  
• Available Capacity 

• Current Generation 

• Targeted Generation 

• Available Reserve 
Displays frequency control summary 
• Scheduled Frequency 

• Current Frequency 

• Targeted Frequency  

• Frequency  Deviation 

Displays available reserve summary  
• AGC Reserve 

• 10 Min. Operating Reserve 

• 20 Min. Operating Reserve 

• 120 Min.  

• Reserve Total 
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AGC/ED Sample display 



❖ Information on Generator output and Governor Free status is displayed 
   ·  Generators are grouped by fuel type and sorted by unit 
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Generation Monitoring (Transmission Side) 



RT ST 

RT + ST 

Real-time Mode  

Study Mode 

Optional 

External 

❖ NA applications can be executed in a Real-time Mode or Study Mode 
   ·  And they should run in a pre-defined sequence of application 
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NA Sequence & Data Flow  

DPF 

VS 

OPF OS 

BLF 

TLF 

ED 

SE (TP) 

PSS/E Interface 

GDIS 

TOIS 

DSA 

VSA 

TSA 

SSA 

SEN 

ED 

SCA 

TTC 

SCED 

CA 



❖ First, TP and next SE should be executed orderly to check correctness of  
    the electrical network 
   ·  After that other applications can be executed by using the SE data 
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NA Execution sequence of application in real-time 



Station Tabular Display 
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NA Status of transmission flow and bus voltage 

 

 Displays details on Network Operation 

 Generator outputs, information on transmission  

    group flow in metropolitan area are displayed 

Displayed Information 
 

 

 Power System operating status is displayed  on head 

 Detailed analog and digital information of  

    generation/substation are displayed 

 Information on bus voltage of each substation are  

    displayed in detail 

 Information on major transmission group is displayed 

    ·  Displays North-Bounded branch flow 

    ·  Visualize value and direction of branch flow 

Display Details 

Bus Voltage  in Substation Major Transmission Flow 



❖ Branch MW/Mvar flow and Bus voltage information is displayed for  
    each logical buses 
   ·  Users can compare tele-metered values and SE estimated values 
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NA Real-time Network Analysis Bus Single Line 



❖ SCADA, Generation and NA Applications are integrated to simulate operation 
   ·  Provide training function for Normal operation, Contingency case, Fault, Power  
      System Restoration, etc. 
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DTS (Dispatcher Training Simulator) 

Load 
Scheduler 

Event 
Handler 

Power 
Flow 

Generator 
Dynamics 

Database 

Snapshot 
Data 

Snapshot 
Data 

Scheduled 
Events 

Instructor’s 
Input 

Messaging & Middle-ware        

EMS Application 
 
 

 
 
 

 

Instructor Control Model 

Instructor Control 
 
 

 
 
 

Scenario Building Training Event 

Training Mgrm. 
Training 

Monitoring 

Control Center Model 

Graphic User Interface 
 
 

 
 
 

Alarm/Event Control 

On-line 
Monitoring 

Trend 

ED 

AGC 

CA 

SE 



Make your people happy 
by reliable power supply 

Improve national competitiveness 
  - Contribute to improvement of national competitiveness  
  - Provide better service for the people 

Save your cost 
by economic operation of generators 
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Benefits with KDN 



KEPCO KDN 
THANK YOU 


