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Ch. 1 Motivation Power Gen. from Solid Fuel 

Main-text : Power Generation 

1. Motivation 

2. Solid Fuels 

3. Thermodynamic Fundamentals 

4. Steam Power Station for Electricity 
and Heat Generation 

5. Combustion System for Solid Fuels 

6. Power Gen. from Biomass &Waste 

7. Combined Cycle Power Plants 

8. Carbon Capture and Storage(CCS) 

2 



Ch. 1 Motivation Power Gen. from Solid Fuel 

Sub-text : Power Generation 

1. Power Plant System Design (Kam 
W. Li) 

2. Thermal Power Plant Performance 
Analysis (Gilbert) 

3. Advanced Energy System 
(Nikolai) 

4. Energy Conversion 
5. Thermal Power Plant Vol. I,II,III 

by UN ESCO 
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Class material information 

 
 http://idisk.pusan.ac.kr/main/login.php 
 ID : 111050    PW : 54321 
 
 - 자료 내용 : 교재(pdf), 수업자료 
 - 과제 Upload  (654321) 
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Motivation 
1. Primary Energy Consumption and CO2 

emission 

2. Greenhouse Effect and Impacts on the 

Climate 

3. Strategies of CO2 Reduction 
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1.1 Primary energy & CO2 emissions 
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Geographical Coverage 
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Basic Framework 
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Innovation Steel, Design Future 

전세계 철강 생산량 현황 

○ 세계 조강생산량은 1975년부터 2000년도까지 25년 동안 6~7억톤 수준을 유지 
○ 2000년 이후 부터 중국의 급격한 조강생산량 증가에 따라 과거 6~7억톤 수준의 2배로 증가 
○ 이러한 조강량의 증가로 철광석과 Coking Coal의 수요부족으로 가격 급등 

1970 1975 1980 1985 1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

595 644 717 719 770 752 848 850 904 970 1069 1147 1251 1351 1329 1223 1413 

○ 조강량 증가 추이 (단위: 백만톤) 



Innovation Steel, Design Future 

최근 연원료 가격 현황 



Innovation Steel, Design Future 

당사 현황 

(단위: Mt) ’10 ’12 ’14 ’16 

신규 저품위광 - 1.2 8.4 18.6 

Namisa - 1.2 3.1 3.3 

API - - 1.5 6.0 

Royhills - - 3.8 8.3 

18 24 

52 

36 철광석 
(%) 

(단위: Mt) ’10 ’12 ’14 ’16 

신규탄 - - 0.6 2.8 

모잠비크 - - 0.4 0.6 

N.Century - - 0.2 0.6 

S.Forest - - - 1.0 

26 30 
42 

31 석탄 
(%) 

* 신규 미분광 사업 : Serpentina(6.9Mt), AHMSA(10.0Mt) * 신규 석탄 사업 : Klappan(0.6Mt), H.coal(1.0Mt), Cockatoo(1.0Mt) 

○ Captive 연원료 확보 목표 및 전망 

목표: 50% 목표: 50% 

① 지구 온난화 대책으로 CO2 발생 규제 강화  
② 고품위 철광석/점결탄 고갈로 안정확보 어려움 
③ 연원료의 급격한 수요증가/공급사 과점화: 가격 급
등 

○ 대외 환경 변화 
① 용선/탄소강 제조 원가 중 연·원료비 비중 증가  
② 고가 강점탄 사용 억제 & 미비점탄 사용비 증가 
③ 극미분 원료 및 고Al2O3 철광석 증사용 불가피 
④ 고로 대형화에 따라 고강도 소결광/코크스 필요  
⑤ 종합 소재 메이커로서 다양한 광물자원 소요 

○ 당사 현황 

☞ 고품위 연원료의 고갈과 가격급등으로 수급 불안정/원가중 연원료비 비중 증가 
     → 연원료 안정수급/고품질화 및 원가 경쟁력 확보 필요 
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Nuclear Policies after Fukushima Accident 
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Summary……. 
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… and Conclusion 
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Ch. 1 Motivation Power Gen. from Solid Fuel 

Assignment : CO2 Emission Calculations 

 Value  Design Coal 

C.V(kcal/kg) 6080 

    Proximate analysis  

Moi.  9.5 

V.M  25.2 

ASH 13.5 

F.C  46.8 

Element analys 

C 0.8195 

H 0.0511 

O 0.1033 

N 0.0166 

S 0.0095 

ASH 0.1350 
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- Solid Fuel Specification 

- Boiler Efficiency : In-direct method 

    (ASME PTC 4.1) 

- Turbine Efficiency : 45% 

- LOI(UBC) : 5%  

http://www.exoeng.com/boilereffcalc.htm 

1. 프로그램을 이용하여 플랜트 효율을 계산하고 CO2 배출량을 계산 
2. USC, IGCC,IGFC 플랜트(48%) 경우 CO2 배출량 계산하여 감축량 비교 

http://www.exoeng.com/boilereffcalc.htm�
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2.1 CO2 calculation (in Plant) 

1.Coal 공급량 계산 

2.원소 분석의 C (%)를 통해  

Coal 안의 Carbon량 계산 

3.Plant 효율 고려 

[보일러 효율*터빈 (45%)] 

4. Plant UBC 고려 (5%) 

5. CO2 량 계산 

Sample 
code 

Proximate analysis [As-received basis, wt%] 

Moisture 
Volatile 
matter 

Ash 
Fixed 
carbon 

ICR 28.23 33.47  5.14 33.16 

HCK-F-I/M/0.08-250  1.21 44.49 12.15 42.15 

HCK-F-I/J/0.08-250  3.10 45.26  9.67 41.97 

HCK-F-I/J/0.28-250  1.61 45.73  8.57 44.09 

Sample 
code 

Ultimate analysis [dry basis, wt%] 

C H N O S Ash 

ICR 63.35  5.52  1.03 24.51  0.45  5.14 

HCK-F-I/M/0.08-250 65.63  4.80  1.02 15.92  0.48 12.15 

HCK-F-I/J/0.08-250 64.45  4.96  0.99 19.59  0.34  9.67 

HCK-F-I/J/0.28-250 66.39  5.00  0.94 18.67  0.43  8.57 
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http://www.exoeng.com/boilereffcalc.htm  
• Boiler 효율 계산 프로그램 (In-direct method) 
2.1 CO2 calculation (in Plant) 
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Designed coal ICR 
HCK-F-I/M/0.08

-250 
HCK-F-I/J/0.0

8-250 
HCK-F-I/J/0.28

-250 
Coal supply 

[ton/h] 
193 296 199 197 197 

Carbon supply 
[ton/h] 

121.8 131.9 128.8 122.6 128.5 

ACV of coal 
[kcal/kg] 

6080 4170 5908 5959 5962 

Plant efficiency  
[%] 

40 38 40 40 40 

Required net ACV 
[kcal/h] 

4.70ⅹ108 4.70ⅹ108 4.70ⅹ108 4.70ⅹ108 4.70ⅹ108 

Required gross ACV 
[kcal/h] 

1.17ⅹ109 1.23ⅹ109 1.18ⅹ109 1.17ⅹ109 1.17ⅹ109 

Flow rate of flue gas 
[kg/s] 

440.0 666.7 468.9 450.9 466.0 

CO2 content of flue gas 
[wt%] 

27.3 20.0 26.7 26.5 26.9 

CO2 flow rate 
 [ton/day] 

10382.2 11525.8 10816.5 10312.1 10816.3 

2.1 CO2 calculation (in Plant) 
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1.2 Greenhouse effect & impacts on the climate 
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Outlook of global CO2 emissions 
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1.3 Strategies of CO2 Reduction 
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UK Government policy on CCS 
 
 
Matthew Billson 
Co-Programme Director, Energy2050 
University of Sheffield 
m.billson@sheffield.ac.uk 
0114 215 7202 
 
[July 2010 – Dec 2014] 
Head of Strategy & International 
Office of CCS 
Department of Energy & Climate Change (DECC) 

mailto:m.billson@sheffield.ac.uk�


Challenges 
• Current reliance on coal+gas power stations (c65% of electricity) 
• 80% CO2 reduction target by 2050 

 

• c20% of power stations closing in next 10 years 
 

• Cost of investment: 
• Wholesale electricity: £30 - £40 MW/hr 
• Nuclear: £92 MW/hr 
• Offshore wind: £150 MW/hr 
• [CCS: £160 MW/hr predicted – no comment from DECC] 
• Marine: £305 MW/hr 

 
• Cost of inaction:  Without CCS, low carbon energy system will cost 

extra £30billion in 2050 
 



 

2012 CCS Roadmap 
 

• CCS Commercialisation 
Programme 
– £100m FEED 
– c£900m construction + £Xm pa 

• Electricity Market Reform 
• R&D 

– £125m 2011-2015 

• Enabling Actions 
• International Collaboration 

 
 

CCS 
Commercialisation 

Programme 

R&D and  
Innovation 

Electricity 
Market Reform 

 Intervention to 
address key 

barriers 

International 
Collaboration 



London 

Nottingham 

Sheffield 

 

Commercialisation 
Programme 

Progress 
 

• FEED Contracts signed: 
 White Rose December 2013 
 Peterhead February 2014 

• £100m investment 

• Final Investment Decision Late 
2015 / Early 2016? 

 

 

Peterhead 

White Rose 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.mailboxexpress.co.uk%2Finfo%2Fuk-delivery.html&ei=nYvUVJ7MEoK6Uc2DhOAP&bvm=bv.85464276,d.d24&psig=AFQjCNEJRbmO0yXWJVNqepu9a0aI5FjiRQ&ust=1423301764134444�


 

White Rose 
• New ultra-supercritical 426MWe (gross) 

Oxy-Power plant at Drax Site, Yorkshire 
• Enough low carbon electricity to power the 

equivalent of 630,000 homes 
• 100% of flue-gas treated with 90% CO2 

capture rate. Estimated 2 million tonnes 
CO2/year captured 

• Potential biomass co-firing leading to zero 
(or negative) CO2 emissions 

• Anchor project for National Grid’s regional  
CO2 transport & offshore storage network 

• CO2 storage in a deep saline formation off-
shore beneath the North Sea 
 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=LjOmLCxJg0EmFM&tbnid=bBju-4RyFscRVM:&ved=0CAUQjRw&url=http://www.st-francis.co.uk/services.aspx&ei=SziBUa7_JK2m0wWX6YCQCQ&psig=AFQjCNG1JdYZLJedMR-bhYhQkgYXcDS47A&ust=1367509440669170�
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=hiDFYPXhM7SEFM&tbnid=V7Zv-kg9PXpMCM:&ved=0CAUQjRw&url=http://www.paneuro.net/national-grid-selects-itron-and-ciscos-smart-grid-solution-for-pilot-program/&ei=-zeBUdHDHYiO0AWC5IGYAQ&psig=AFQjCNEBL1gKu5dgt9VWgb8VOsOixSp24A&ust=1367509362697780�
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=CKIvT6nz4cdu2M&tbnid=IC1XGvgakmgcRM:&ved=0CAUQjRw&url=http://www.hse.gov.uk/strategy/d.htm&ei=ujeBUeSZAvCd0wWiyICgDA&psig=AFQjCNHM9Ciig4ApFpWYIoJk_zST2llfwg&ust=1367509290501123�
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3iV3Czfm8QNuyM&tbnid=3nwvZpE_jP7t2M:&ved=0CAUQjRw&url=http://www.paneuro.net/offshore-wind-energy-tennet-awards-dolwin3project-to-alstom-marking-next-step-in-germanys-energy-turnaround/&ei=FjeBUfiwNsmN0wWwq4CIAg&bvm=bv.45921128,d.d2k&psig=AFQjCNHe0fVxuFL6dLpIRpRCNZZSYWlxJQ&ust=1367509139077292�


 

• Peterhead 
• World’s first full scale gas CCS project 
• A 340MW post-combustion capture 

retrofitted to part of an existing CCGT 
power station at Peterhead, Scotland 

• Enough low carbon electricity to 
power the equivalent of 500,000 
homes 

• 85% CO2 capture rate. Estimated 1 
million tonnes CO2/year captured 

• Reuse of North Sea infrastructure - 
linking into the existing offshore 
pipeline from St Fergus to the store 

• Storage in the depleted Goldeneye 
reservoir 



EU 2030 Climate 
and Energy 

Package 
October 2014 

• EU target of 40% 
reduction of greenhouse 
gas emissions by 2030 

• 27% renewable energy 
and energy efficiency 
targets at EU level 

• reform of ETS to support 
all low carbon 
technologies  

• CCS as part of the mix – 
funded through NER400 

 



Korean National Plan 
for Reduction of CO2 Emission 

 South Korea : 8th Most GHG Emitting Country (2009) 
 Emission Reduction Target : 

BAU 30% Reduction of CO2 Emission by 2020 (Nov. 2009) 
Expected (BAU) 

2009.11 Cabinet Meeting: (BAU 
30% Reduction) 



Major Carbon Gas Emission Sources in Korea 

Cement 

40 million tons/yr 
Iron & Steelmaking 

POSCO Kwangyang 
3.2 million tons/yr 

SA Power Plants 

KEPCO 158 million tons/yr 

Petrochemical 

40 million tons/yr KCC 



Korean National Roadmap for CCS 
(2009) 

Type 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2020~ 

Demonstration 

▶Capture 

1st Pilot-Scale Demo. 
▶ Post-Combustion Only 
▶ 10MW Level 

Large-Scale Demo. 
(Over 100MW) 
(With Storage) 

E 
V 
A 
L 

2nd Pilot-Scale Demo. 
▶ Pre/Post-Combustion,  
Oxyfuel, and Industrial Apps. 
▶ 10MW Level (Capture Std.) 

Large-Scale Demo. 
(Over 100MW) 
(With Storage) 

E 
V 
A 
L 

C
om

m
ercialization 

▶Storage 

Storage Site Confirmation 

Storage Plant Construction and 
Injection (With MLTMA) 

Storage Potential Investigation 
(With MLTMA) 

R&D Core Technology R&D for Facilitating Commercialization 

Solvent Testing / Optimization / Integration Process Develop 

Injection / Compression / Transportation / Management 

Capture 

Storage 

G 
Modification of Legislative System 

roundwork -tio Facil 
Enhancing International Cooperation 

i 
Policy Direction 

Capture Ready based on continuous monitoring of global 
GHG regulations 



Demo Sites of CO2 Capture Plants 



Ongoing CCS Projects in Korea 

 Advanced Amine Solvent : KoSol (Korea Solvent) 
 0.1MW Test Bed Constructed (2010. 12)  10MW Pilot Plant (2014) 

 100~300MW Demonstration Plant (2018) 



Ongoing CCS Projects in Korea 

Dry Re--generable Solvent 
 0.5MW Test Bed Constructed (2010. 3) 

 10MW Pilot Plant (2014) 

 100~300MW Demonstration Plant (2018) 

2005 2006 2007 2010.3 

• Improvement  of 
CO 2   removal  % 
(above 65%) 

• Improvement of 
regeneration 

*Removal > 80%, 
*Regeneration>90% 

•Basic Process 
Design for 
2000Nm3/h 

• 0.5MW 
Demonstratio
n 

100 Nm3/h 50h Continuous process 
CO2  Removal : 30-60% 
 
 
2000 Nm3/h 50h Continuous process 
CO2  Removal : 70-85% 



Potential CO2 Storage Sites in Korea 

Undersea 
Storage 

(Expected to have 
great storage 

potential) 
 
Ulleung Basin 
(Dolgorae Gas field) 
Priority Rank 1 
 
 
Pohang Basin 
Priority Rank 2 
 

 
C: Chuju Basin D: 
Haenam Basin E: 
Kyukpo Basin F: 
Koonsan Basin 
Priority Rank 3 

Underground 
Storage 

(1.8 billion ton 
estimated) 
 
 
Kyoungsang Basin 680 
million ton 
Priority Rank 1 
 
 
Taebaek Basin 180 
million ton 
Priority Rank 2 
 

3: Chungnam Basin 
4: Moonkyung Basin 
5: Honam Basin 
Priority Rank 3 



Industrial Applications of CCS in Korea 

 As alternatives for storage, 

CO2 capture in Steel 
industry (POSCO) 

[27 million(USD), 2009~2014 ] 

CO2 conversion using 
microalgae (Korea District 

Heating Co.) 
[11 million(USD), 2012~2017] 

-CO2 fixation through 
microalgae photosynthesis 
-Conversion of CO2 into high 
value-added products 
(astaxanthin) 
-Developing photo-culture 

Green Polymer (SK) 

-Convert CO2 into 
polymerized compound 
and produce plastic 
-Aims for 
commercialization in 2014 

-Capture CO2 from blast furnace 
using ammonia liquid (10 ton/day, 
0.5MW equiv) 

-Purification/liquefaction process 
integrated with capture facility 

-Production of liquid CO2 using 
the capture facility (3 
ton/day) 

process (1 ton 
) 



Members of KCCSA: 
All Major Players in Korea 

* Newsletter recipients (bimonthly): 62,000 



Active Participation in 
International CCS Networks 

GASSNOVA 

IEA-
GHG 

CCS
A CATO-2 

Natural 
Resources 

CA. 

NET
L CCPP 

MIT 
   CSI 

  

JAPAN 
CCS 
Co. 

CSL
F KORE

A 

CO2 
CRC 

GCC
SI 

*IEA-GHG: International Energy Agency GreenHouse Gas R&D Program 
*CSLF: Carbon Sequestration Leadership Forum 
*CO2CRC: CO2 Cooperative Research Center 
*CCPP: Climate Change Policy Partnership, Duke University 

*GCCSI: Global CCS Institute 
*CCSA: Carbon Capture Storage Association 
*NETL: National Energy Technology Laboratory 
*MIT CSI : MIT Carbon Sequestration Initiative 



Summary 

 CCS will play an important role in CO2 emission 
reduction. 

 Large scale integration projects (LSIP) may be 
postponed until international regulation on CO2 
emission is to be effective. 

 Capture-Ready may be required for new power 
plants in the future. 

 Korea will keep investing in CCUS R&D. 
 Korea needs international collaboration in CCS in 

general, and Storage in particular. 
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End of Chapter 1 
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Share of coal in power generation 
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Low carbon economy in the world 
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Capacity and steam condition 
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Efficiency of coal-fired power plant 
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Coal Power Plant in Japan 
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Coal Power Plant in Korea 

Critical : 374C, 22.2MPa 
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CO2 emission reduction potential by improving 
efficiency of Coal-Fired Power Plant 
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De-carbonization of energy at supply-side 
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Further improvement of thermal efficiency of power plants 
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CO2 emission reduction from increasing efficiency 
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Issues of increasing efficiency for existing power plants 
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연구 과제명     500MW급  표준석탄화력 출력증강  및 효율향상 기술 개발  

   연구목표  
노후 발전설비의 성능개선을 위한  최적화  기술개발  

및 실증 검증 

   연구내용  
1. 노후발전설비의  성능개선을 위한 시스템 최적화 기술 
2. 터빈발전기 출력증강 및 효율향상 기술개발 
3.  보일러 열용량 및 성능향상 기술개발 

   연구예산     총 480억( 정부지원 : 240억, 기업부담 :240억) 

Issues of increasing efficiency for existing power plants 
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 국내 93기 화력발전설비 중 31기가 25년 이상 운전되어 설계 수명 도래 
 수명연장 및 설비 개선의 필요성 대두 

세계적으로 30년 이상 설비: 500 GW (20%) 
 대부분은 북미/EU에 집중되어 있으나 향후 아시아권의 설비 급속한 노후화 예상 

Issues for existing power plants – domestic status 
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노후설비의 급격한 증대로 수명연장 또
는 설비개선의 필요성 대두 

CO2 배출량의 규제 등으로 기존설비의 
효율개선 요구 증가 

지속성장을 위한 안정적인 전력공급을 
위해 출력 증강 필요 

준공년도 

준공년도 

성능개선 시장은 연평균 3.3%성장 예상 

인도, 동남아, 중국, 이스라엘, 호주 등 
신흥 경제국가 발전설비 급증 

향후 수명연장 및 성능개선 시장 급증 
예상되나 현재 시장은 선진 OEM 사 독
점 

노후설비 성능개선의 기반구축 필요 

* 출력 200MW 이상, 운전년수 21~30년 사이의 발전소  
* Source : World Energy Outlook 2004, UDI Report 2004 
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현재 기술의 경우 개별 기기의 성능개선에 초점  

시스템적인 측면에서의 성능개선 기술이 매우 중요하나 부족 

국내 시스템 해석 및 운영 기술 적용 시 노후 설비 성능개선 시장 경쟁력 확보 가능 

Issues for existing power plants – international status 
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Super Critical Single Reheat 

Net Plant Output                :  500 MW 

Main Steam Pressure         :  24.1 MPa 

Main Steam Temperature    :  538 deg-C 

Reheat Steam Temperature :  538 deg-C 

1. Model Plant to be Retrofitted 

A-USC Technology : 

    - Suitable for retrofitting old supercritical plants 

    - Economical and environmentally-friendly 

    - Thermal efficiency reduces CO2 : 15~20% 

    - Development of New Ni-base alloys 

Technology available by 2016.  

2. Conclusions 

*Source : Cleaner Coal Workshop in Ha Long, Vietnam (August 19, 2008) 

Feasibility Study of Retrofitting with 
A-USC Technology Project Participants 

재료기술을 기반으로 한 USC 기술 적용 

국내 적용 시 타당성 의문: 외국 재료 사용으로 인해 경제성 저하 및 경쟁력 확보 불투명 

국내 기 확보된 경쟁력있는 기술을 토대로  성능개선 기술 확보 필요 

Issues of increasing efficiency for existing power plants - Japan 
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2 단계 
 

출력증강 상세설계 및 플랜트 적용검증 

  성능개선 주기기 및 보조설비 상세설계 및 성능검증 
 시제품 제작 및 현장설치 후 실증 검증   

성능개선 표준설계 및 핵심기술 개발 

 성능 Plant Integration 설계기술 및 출력증강의 핵심기술 확보 

 개선 개념설계 및 비용 최적화 출력증강 Module 구축 

1 단계 

노후 발전설비의 성능개선을 위한  최적화  기술개발 및 실증 검증 

 표준석탄화력 설계용량 대비 출력10%이상 증대  (500MW→550MW) 

 플랜트 효율 2% 증대  [40%       42%) 

 이산화탄소(CO2) 배출량 5%이상 저감 

Issues of increasing efficiency for existing power plants 
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CO2 emission reduction potential 
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Implementation of CCT in High Efficiency Power Generation 
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Clean Coal Technology in power generation sector 
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Roadmap for High-efficiency coal-fired power generation- Japan 
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Roadmap for High-efficiency coal-fired power generation- EPRI 
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Roadmap for High-efficiency coal-fired power generation- Korea 

Source : 두산중공업 동남권 기업간담회 발표자료, 김정태 상무 
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Roadmap for High-efficiency coal-fired power generation- Korea 
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Roadmap for High-efficiency coal-fired power generation- Korea 
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Roadmap for High-efficiency coal-fired power generation- Korea 
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Roadmap for High-efficiency coal-fired power generation- Korea 
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