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Abstract — This study presented techno-economic analysis of a 500 MW, oxy-coal power plant with CO, capture. The
power plant included a circulating fluidized-bed (CFB), ultra-supercritical steam turbine, flue gas conditioning (FGC),
air separation unit (ASU), and CO, processing unit (CPU). The dry flue gas recirculation (FGR) was used to control the
combustion temperature of CFB. One FGR heat exchanger, one heat exchanger for N, stream exiting ASU, and a heat
recovery from CPU compressor were considered to enhance heat efficiency. The decrease in the temperature difference
(AT) of the FGR heat exchanger that means the increase in heat recovery from flue gas enhanced the electricity and
exergy efficiencies. The annual cost including the FGR heat exchanger and FGC cooling water was minimized at AT =
10 °C, where the electricity efficiency, total capital cost, total production cost, and return on investment were 39%, 1371

MS$, 90 MS$, and 7%/y, respectively.

Key words: Oxy-coal power plant, CO, capture and storage, Dry flue gas recirculation, Heat integration, TEA (techno-
economic analysis), Energy and exergy efficiencies
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1. Introduction
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2. Process Description
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Table 1. Proximate and ultimate analyses of bituminous coal [13]

Ultimate analysis (wt%, dry basis) Proximate analysis (Wt%)

Carbon (C) 77.8 Moisture 5.0
Hydrogen (H) 44 Volatile matter 31.6
Oxygen (O) 8.5 Fixed carbon 553
Nitrogen (N) 0.9 Ash 8.1
Sulfur (S) 0.3
Ash 8.1
Total 100.0 100.0
LHV (MJ/kg) 302
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Fig. 1. Process flow diagram of oxy-coal USC-CFB-CPU power plant with dry FGR (CFB: circulating fluidized-bed, FGC: flue gas condition-

ing, ASU: air separation unit, and CPU: CO, processing unit).
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Fig. 3. PFD of A600 (CPU) with heat integration.
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3. Methodology of Energy, Exergy, and Economic
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Table 2. Economic assumptions for 500 MW, oxy-coal USC-CFB-CPU
power plant using dry-FGR

Parameter Assumption
Debt ratio (1) 0.7
Plant availability 8000 h/y
Startup time (50% plant performance) 4 months
Plant lifetime (Z,,) 30y
Inflation rate () 2%y
Corporation tax rate () 20%/y
Interest rate (y) 6%l/y
Currency (Korean Won) 1,100 won/$
Coal 50 $/t
Limestone 23.28 $/t
. 9.5 wt% NHj; solution 20 $1t
Raw materialand 55 10/ NaOH solution 223 $1t
product price
Coal char 50 $/t
CaSO, 7.2 %41
CO, credit 20.66 $/t
Electricity 0.098 $/kWh
Utility price Cooling water 0.273 $/m’
Chilled water 1.0 $/m’

A 7HL 20173 20.66 $/ton-CO,[13], F71, *¥Z}4=(cooling water)
4l WJ4=(chilled water) 712 Z+2} 0.098 $/kWh, 0.273 $/m?, “12] 1L
1.0 $/m32.2 7Pk

9.5 wt% NHj; solutions> A200 &J<lell4] NO, A|AE $18F SCR
A9 H7HE 24 AREE Y (Fig. 1 33), 50 wit% NaOH solution
A600% & ol 4] LP scrubberoll A & Al A3 ] $lste] T4l )
(Fig. 3 #%). Coal char®} CaSO = B T2 24 A200 P& ollA]
CFB A47] 3ol A ks v @48l CFB 9147 kol
A A8 At whgato] Azl A ES A4 ovl gt
o1& A7 W AAHES] 7}AE Table 20141 KojFEt}, o]21dt 714
55 992 F Vu et al.(2020)[13]2 Oh and Lim(2018)[21] 114
A|A3E A S-S o] 85}0] ROISH PBPE AHE3I3

4. Results and Discussion
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Fig. 4. Electricity and exergy efficiency according to temperature
difference (A7) between dry FGR and boiler flue gas streams.

4-1. Electricity and exergy efficiencies

Fig. 1014 A% $2414 USC-CFB-CPU A €F3} 2]k A o] A
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2317] flato] Axo] ARHE O BwA ve- A7) & (37.7%),
NX2] A& (35.6%), 1813 AHERIOA ABAkE]= A7 (546
MW,) HojF=Qlth, Awdly] HE1S AA& 739, o] w79
EEANATYZF 3~50 °C HRleIA 7 BARS stalth. ATV
& E u7|7k20] HAS O Wol ARES] wliEell 57 A
o] 9 dlMx] g&o] F715-E Fig. 45 T3l glg 4= Qi)
AT7}F3°C & o, 29 B9 A7) AAFE 562 MW, 7] &8 39.

0,

o
=
\.O

NA T 36.9%E M B A 5EE nojET. A7)
8 opdx] TS AL STVl weh A4 07 sk, e

71871 22} -0.0133%/°C, -0.0126%/°C ©]T}.

Table 32 A70Y w2 7} 18 A7) 033 17 B8 (.0
el Zlo]th A200% %1 (CFB R Y#1)ellA] dry FGRo] CFB .Y
M2 592w 1.05 barolA 1.20 bar® 71FE 11, 257} & dry
FGR o] §¥5719] A7) avlee S7H717] wiiiell, AT7F 2ot
A= 317 ZnlRgo] o S7HITE. A3009 % (=1 EH)e] A
7] B B3 ATV} Hobd s oM Frtek=d], ol ATV}

Table 3. Electricity consumption (MW,) and efficiency (%) according to temperature difference (A7) between dry FGR and boiler flue gas streams

AT (C) 3 5 10 15 20 30 40 50

A100 (Pre-treatment) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A200 (CFB boiler) 5.44 543 5.38 5.33 5.29 5.19 5.09 5.00
A300 (Steam turbine) 21.67 21.66 21.63 21.59 21.56 21.50 21.44 21.37

A400 (FGC) 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

A500 (ASU) 73.86 73.86 73.86 73.86 73.86 73.86 73.86 73.86

A600 (CPU) 3041 30.41 30.41 30.41 30.41 30.41 30.41 30.41
Total electricity consumption (MW,) 132.43 132.41 132.33 132.25 132.17 132.01 131.85 131.69
Gross electricity (MW,) 561.57 561.29 560.46 559.64 558.81 557.17 555.55 553.93
Net electricity (MW,) 429.14 428.88 428.13 427.39 426.64 425.16 423.69 422.23
Electricity efficiency (77,,., %) 38.96 38.94 38.87 38.80 38.74 38.60 38.47 38.34
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4-2. Operating cost of FGR heat exchanger and FGC
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ing water according to temperature difference (A7) between
dry FGR and boiler flue gas streams.
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4-3. Economic values of oxy-coal CFB power plants with
heat integration

Dry FGRE 2%38h= 500 MW, oxy-coal USC-CFB-CPU power

Table 4. Economic values according to temperature difference (A7) between dry FGR and boiler flue gas streams for 500 MW, oxy-coal USC-

CFB-CPU power plant with dry FGR

AT (°C) 3 5 10 15 20 30 40 50
Total capital investment (TCI, M$) 1371.96 1371.77 1370.77 1369.92 1369.07 1367.38 1365.79 1364.36
Total production cost (TPC, M$/y) 90.03 90.02 90.04 90.06 90.09 90.13 90.18 90.23
Annual sales revenue (ASR, M$/y) 389.97 389.75 389.17 388.58 388.00 386.84 385.69 384.54
Return on investment (ROI, %/y) 7.02 7.02 7.01 6.99 6.98 6.95 6.92 6.89
Payback period (PBP, y) 11.84 11.85 11.87 11.89 11.91 11.95 12.00 12.04

Korean Chem. Eng. Res., Vol. 59, No. 1, February, 2021



66 AAP - Jgd

10 T T 13
—8—ROI
-G - PBP
9 4
--------- © 12
__________ ©----"""©
—~ gl eo--0--©-""9
-y s
N >
= @
27l se a
7 = = = = = = —
1
6 4
5 + + = + = t = + 10
0 10 20 30 40 50
AT (°C)
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