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Abstract — In this study, performance and economic analysis of 500 MWe coal-fired power plant with CO, capture
process was performed. For this purpose, chemical absorption method which is commercially available and most suit-
able for thermal power plant was studied and a criteria for technical and economic assessment of power plants sug-
gested by IEA Greenhouse Gas R&D Programme was used. And we performed the sensitivity analysis focused on
regeneration energy which exceed half of the total capture energy. Based on MEA(Monoethanoleamine) as a main
chemical solvent and 3.31 GJ/tonCO, regeneration energy in the stripper, net power efficiency was reduced from 41.0%
(no capture) to 31.6%(with capture) and the cost of CO, avoided was estimated 43.3 $/tonCO,. And in case of 2.0 GJ/
tonCO, regeneration energy, the cost of CO, avoided was calculated as 36.7 $/tonCO,.
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Fig. 1. Post-combustion CO, capture.
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Fig. 2. Process flow diagram for CO, recovery from the flue gas with
amine absorbents.
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Table 1. Total Capital Requirement(TCR) summary
‘Total Plant Cost, TPC

- Direct materials

- Labour and other site cost
- Engineering fee

- Contingency

-Start up

‘Initial working capital

Total Capital

Requirement, TCR ‘Interest during construction

‘Owner’s cost

- Feasibility study

- Land purchase

- Obtaining permits

- Arranging financing
- Miscellaneous cost
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Table 2. Operating cost summary

-Variable cost
- Fuel
- Chemicals (MEA make-up)

‘Fixed cost

- Cost of operators

- Maintenance

- Insurance and local taxes

- Administrative and support labor
- CO, transport and storage cost

Operating cost

During Construction) 2 2= H|-2-(Owner’s Cost)S. 2 o] &
o}, & 7A49u]goll= 21 AR U Q1AH] (Direct Materials, Labour
and Other Site Cost), X o]% 7% (Engineering Fee) B $IA|
H]-g&(Contingency)®] EFHE ™, 25 Hlgoll= 23 A
(Feasibility Study), *-%]H]-8-(Land Purchase), 213]7HObtaining Permits),
=8 H]€-(Arranging Financing) 3! 7]E} F-ti#]-&(Miscellaneous
Cost)o] ZEFHETH7].
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Table 3. Key criteria for technical and economic assessment of power
plants with CO, capture process

1. TPC (Total Plant Cost)
2. Capital cost

To be estimated by the contractor

‘Owner's costs 7.0% of TPC
-Start-up costs

- Labour 3.0 Months

- Maintenance materials 1.0 Months

- Chemical and consumables 1.0 Months full load

- Fuel cost 0.25 Months full load
- Plant modifications 2.0% of TPC
-Plant cost expenditure
- Year | 20.0% of TPC
- Year 2 45.0% of TPC
- Year 3 35.0% of TPC
-Fuel storage 30.0 days
-Chemicals storage 30.0 days

3. Operating cost
-Discount rate 8.0%
-Load factor (year 2-25) 85.0%
-Load factor, year 1 60.0%
‘Insurance and local taxes 2.00% of TPC/year
-Maintenance 1.50% of TPC/year
-Cost per operator 60.0€k/y
‘Number of operators 130

-Administrative and support labor 30% of operators cost
-Administrative and support labor 30% of maintenance cost

-CO, transport and storage cost  5.0€/tonCO, stored
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Table 4. Key assumptions for the basic analysis

-‘Power output (no capture, MWe) 500
-Efficiency (no capture) 41.0%
-CO, removal rate (%) 90
-CO, emission factor (tonCO,/GJ) 0.09
“Thermal energy absorption process (GJ/tonCO,) 331

-Equivalent power requirement of solvent regeneration energy 0.184
(MWh/tonCO,)

-‘Power requirement of capture process and compression 0.138
(MWh/tonCO,)

Table 5. Results from overall analysis of energy performance

Feron This work
(2007)  (2010)

CO, emission (tonCO,/MWh, no capture) 0.792 0.790
Efficiency (%, with 90% CO, capture) 31.6 31.6
CO,-emission (tonCO,/MWh, with 90% CO, capture) 0.103  0.103
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Table 6. Results of Technical and economical analysis of coal-fired
power plant with CO, capture process

no Capture with Capture
Performance
Net power output (MWe) 375 289
Efficiency 41% 31.6%
CO, emission, g’lkWh 830 103
Costs
Total Plant Cost, $/kWe 1,780
Cost of electricity, ¢ /kWh 436 7.507
Cost of CO, avoided, $/tonCO, 433
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Table 7. Cash flow analysis of a baseline case

CASH FLOW ANALYSIS (Million €)

Load Revenue Operating Cost , . Interest Total cash  Total cash
Year factor . Fixed MEA Plant Owner’s worlfmg during Start-u flow flow
(%) Electricity  Fuel Operating Cost Make-up  cost cost capital construction cost (yearly) (cumulative)

2008 000 - 0.0 0.0 - 0.0 -1234 -432 0.0 0.0 0.0 -166.6 —166.6
i;?f,: 2009 00 - 0.0 0.0 - 0.0 2777 00 0.0 -133 00  -291.0  —4576
010 0 - 0.0 0.0 - 0.0 -216.0 0.0 -6.0 -36.6 -17.5 -276.0 -733.5
2011 1 60% 1140  -34.6 -42.8 -23  -733.53 —699.2 —699.2
2012 2 8% 161.6  —49.1 -42.8 -33 66.4 —632.8
2013 3 8% 161.6  —49.1 —42.8 -33 66.4 -566.4
2014 4 8% 161.6  —49.1 -42.8 -33 66.4 -500.0
2015 5 8% 161.6  —49.1 -42.8 -33 66.4 —433.6
2016 6  85% 161.6  —49.1 -42.8 -33 66.4 -367.2
2017 7 8% 161.6  —49.1 -42.8 -33 66.4 -300.7
2018 8  85% 161.6  —49.1 —42.8 -33 66.4 -234.3
2019 9 8% 161.6  —49.1 -42.8 -33 66.4 -167.9
2020 10 85% 161.6  —49.1 -42.8 -33 66.4 -101.5

2021 11 85% 161.6  —49.1 -42.8 -33 66.4 -35.1

2022 12 85% 161.6  —49.1 —42.8 -33 66.4 31.3
Operat 2023 13 85% 161.6  —49.1 —42.8 -33 66.4 97.7
ion 2024 14 85% 161.6  —49.1 -42.8 -33 66.4 164.2
2025 15 85% 161.6  —49.1 -42.8 -33 66.4 230.6

2026 16 85% 161.6  —49.1 -42.8 -33 66.4 297.0

2027 17  85% 161.6  —49.1 -42.8 -33 66.4 363.4

2028 18 85% 161.6  —49.1 -42.8 -33 66.4 429.8

2029 19 85% 161.6  —49.1 —42.8 -33 66.4 496.2

2030 20 85% 161.6  —49.1 -42.8 -33 66.4 562.6

2031 21 85% 161.6  —49.1 -42.8 -33 66.4 629.1

2032 22 85% 161.6  —49.1 —42.8 -33 66.4 695.5

2033 23 85% 161.6  —49.1 -42.8 -33 66.4 761.9

2034 24  85% 161.6  —49.1 -42.8 -33 66.4 828.3

2035 25 85% 161.6  —49.1 —42.8 -33 66.4 894.7

2036 26 894.7

Table 8. Sensitive analysis of coal-fired power plant with CO, capture E‘_T'_—,?_—%,_'l

process

Criteria Base case Case 1 Case?2
Regeneration energy, GJ/tCO, 3.31 2.5 2.0
Sensitivities -25% —40%
Net power output, MWe 289 301 309
Efficiency(no capture) 41% 41%  41%
CO,-emission(no capture, g/kWh) 790

Efficiency(with 90% CO, capture) 31.6% 32.9% 33.7%
CO,-emission(with 90% CO, capture, g/kWh) 103 98 96
Cost of electricity (COE, ¢ /kWh) 7.507 7227 7.052
Cost of CO, avoided, $/tonCO, 433 392 36.7

el APgelUAE R g vizkeit Aol AA8el|#]71 2.0 GI/
tonCO,= Yol ¢ €O, A7HE-2 36.7 $/tonCO,7HA] Yol

Ao A
& A

B A= 200995 A7) AR gkl ] 717k
(KETEP)?] A ¢h& who} G781t A7 A3 HTHNo. 2009101010006B).
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