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01. Overview of Korean Power System

Ⅰ. Korean Electricity Market

Year
Installed

Capacity (MW)
Peak

Demand (MW)
Reserve

Margin (%)

2020 127,819 89,091 10

2019 121,147 90,314 7

2018 117,205 92,478 8

2017 116,657 85,133 13

2016 100,180 85,183 9

2015 94,102 78,790 12

2014 93,216 80,154 12

2013 82,296 76,522 6

2012 81,806 75,987 5

2011 76,131 73,137 6

2010 76,078 71,308 6

Capacity Mix
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02. Market Structure 

Ⅰ. Korean Electricity Market
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01. What is the District Heating Business

Di s t r i c t  Heat i ng i n  K orea

The Di s t r i c t  Heat i ng Bus i ness  i s  def i ned as  a serv i ce t hat  co l l ec t i vel y  

supp l i es  energy  (heat  or  heat  and el ec t r i c i t y )  p roduced at  one or  more  

energy  produc t i on fac i l i t i es  such as  cogenerat i on  p l ant s , heat - onl y  

bo i l ers , renewabl e energy  sources , and resource recovery  fac i l i t i es  t o  

mul t i p l e users . 

District Cooling and Heating
A serv i ce t hat  suppl i es  heat  or  heat  and el ec t r i c i t y  t o var i ous  
bui l d i ngs  such as  apar t ment  houses ,  shoppi ng cent ers ,  and 
bus i ness  fac i l i t i es  i n a cer t ai n area ( l arge- scal e res i dent i al  area)

A  serv i ce o f  supp l y i ng process  heat  ( s t eam)  or  heat  

and el ec t r i c i t y  t o  compani es  i n  t he i ndus t r i al  compl ex
Industrial Complex 

Integrated Energy Supply

II. Korean  District Heating  Business 
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System Configuration

02. System Configuration of District Heating Business

II. Korean District Heating Business 

Electricity Electricity
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03. Status of District Heating Business in Korea (2018)

The number of Capacity Sales

Co.s Sites
Residential
Customers

Industrial
Customers

Heat
(Gcal/h)

Power
(MW)

Heat
(Tcal/h)

Power
(GWh)

D.C.H. (1) 32 61 3,017,347 18,331 7,665 25,348 32,170 

I.C.I.E.S. (2) 39 41 862 16,018 2,506 32,189 17,563 

Both (3) 6 6 8,637 72 2,209 911 1,862 5,529 

Total 3,105,984 934 36,558 11,082 59,398 55,262 

(1) District Cooling and Heating, (2) Industrial Complex Integrated Energy Supply

II. Korean  District Heating  Business 
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III. Characteristics of the Large -Scale CHPs

01. Large-Scale CHP Overview

Ref: DSPOWER, https://www.dspower21.co.kr/biz/electric_info.aspx
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02. The Operation Modes for CHP - 1

III. Characteristics of the Large -Scale CHPs

Operation Mode
Classification of 

operation
Operation Function Operation facility Period Remark

Normal

Mode Ⅰ
Back pressure 

operation

Power and heat 
supply

GTs+HRSGs+ST

+DH HTR 1 & 2

Mainly in 

winter
Main operation mode in winter

Mode Ⅱ

Extraction/ 

condensing 

operation

Power and heat 

supply

GTs+HRSGs+ST

+DH HTR 1 & 2
Four season

Operates according to heat

load

Mode Ⅲ
condensing 

operation
Only power supply GTs+HRSGs+ST

Mainly in 

summer
Maximum power generation

Abnormal

Mode Ⅳ Simple Cycle Only power supply GTs - Generator failure or emergency

Mode Ⅴ ST Bypass
Power and heat 

supply

GTs+HRSGs

+DH HTR 1 & 2
-

Restart after maintenance,

follow Peak Heat Load, operate

in case of emergency
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III. Characteristics of the Large -Scale CHPs

02. The Operation Modes for CHP - 2

(Normal) Mode 1

(Abnormal) Mode 5

(Normal) Mode 3

(Abnormal) Mode 4

(Normal) Mode 2
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III. Characteristics of the Large -Scale CHPs

03. Output Characteristics of Normal Operation Modes
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III. Characteristics of the Large -Scale CHPs

04. Issues on the Operation of Large -scale CHP

Large-Scale CHP could maximize profits by utilizing various 
operation modes depending on seasonal heat loads and electricity 
prices.
However, it is difficult to establish an optimal operation schedule 
due to the presence of many operation modes and physical 
constraints between switching operation modes.

1. Large-scale CHP can be operated in 3 modes when operated normally, and the 

output range of heat and electricity is different for each operation mode.

2. It takes time to change the operation mode, and it can produce electricity and heat 

while changing the mode. 

3. When changing the operation mode, the possible operation modes are limited. 

(Example: It is not possible to change directly from Mode 1 to Mode 3.) 

4. Generator start/stop is only possible in Mode 1 or Mode 3.

12



Optimal Operation Strategy of Large -Scale CHP

13/23

01. Summary

IV. Optimal Operation Strategy of Large -
scale CHPs 

 Determine the optimal operation mode of large-scale CHP that can maximize 
profits while satisfying the heat demand and operating constraints of each facility 
and establish the optimal operation scheduling of district heating system facilities

Goal of the Study

1. Model each operation mode of the large-scale CHP as an independent generator and 

formulate as the unit commitment problem

2. In order to define the output during conversion of the modes, modeling the intermediate 

mode between two modes 

3. Modeling of district heating system production facilities (heat-only boiler, electricity and heat 

storages)

4. Constructs an objective function that can maximize profits according to power and heat prices 

and production costs of facilities

5. Constraints such as heat supply and demand conditions, output limits for each mode, and 

operation mode conversion constraints are considered. 

Main research content
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02. Simple Case Study

IV. Optimal Operation Strategy of Large -
scale CHPs 
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03. Results

IV. Optimal Operation Strategy of Large -
scale CHPs 

<Hea t Output> <Electricity  Output>
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V. Conclusions and Collaborations with DTU

• Overview of Korea's electricity market and district heating business

• Introduction of research on operation issues and optimal operation study of large-

scale CHP

Summary

• DTU and Konkuk graduate students exchange (Ph.D. Ignacio Blanco)

• Collaboration Research

 Optimization of CHP and Thermal Storage under Heat Demand. 12th IEEE 

international Conference (2015)  

 Optimal Operation Strategy of Large-Scale CHP in District Heating System.

Energy. (2020, Revised version submitted)

Collaboration with DTU

• Role of CHP and Heat Storage for Increasing the Power System Flexibility (Theory 

and Field Test in Korea). 

• Renewable Target in Korea 20%(2030), 35%(2040), Net-zero(2050)

Future Collaboration Topic
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Appendix

The  concep t o f inte rmed ia te  mode Ope ra tion mode  conve rsion constra ints
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Thank you
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