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Assessment on Whole Life Cycle of Clean Coal-fired Power Generation Technology
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ABSTRACT: A whole life cycle inventory of the clean
coal-fired power generation technology was produced by life
cycle analysis methodology. A new comprehensive assessment
index of whole life cycle was put forward. Assessment on the
energy and resource consumption, the effects to environment,
and the cost of life cycle was carried out at construction,
operational and decommissioning phases for power plants in
circulating fluidized bed combustion (CFBC), pressurized
fluidized bed combustion combined cycle (PFBC-CC),
integrated gasification combined cycle (IGCC) and ultra super
critical (USC). Comprehensive assessment of the above four
power plants was executed. The results show that USC
technology has the advantages of higher energy payback ratio,

lower effect on environment, lower cost and energy

consumption, and the better comprehensive assessment indexes.

Finally, suggestions were proposed to develop Chinese clean

coal-fired technology.
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Fig. 1 Life cycle boundary of clean coal-fired power
generation system
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Tab.1 Primarily parameters of the four kinds of clean
coal-fired power plants

ZH CFBC  PFBC-CC  IGCC USsC

BE hx/Mwl 300 360 300 1000

R /% 39.0 415 44.0 45.0
EFI /% 75 75 75 75
IRASH R /a 30 30 30 30

I % 7.0 4.0 11.0 497
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BT s gl F i s e e e g =, @i
B BEREAE LB IR EH TR T, @i 2 P
HFERE, Ay KRR A AGe ML RE . Ay
BUSBERE IR FE R, &M M BHE TR
T isHrh RN TS S B e i B
SV E &t PG N S e P ey KD QR R B /N 2 )
IS EEEEE 69 km!Y, RIE. RU. RARSH
{4 MIEL 20209 kI/kg. 41816kI/kg. 38937kI/m’.
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Tab.2 Material inventory in construction phase of four

kinds of clean coal-fired power plants ¢
T EE R EL CFBC PFBC-CC IGCC USC
A 25875.0°)  13998.2"  12020.0'%  40293.0!"%
Kk 47627.4"  61306.0"  56900.017 7425701
B 185.711% 222.8!1 196.01"% 619.01"
G 125.711% 204411 125.719 2550113
i 281.3" 408.7" 171.0"% 454,01
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HEBHE CO,v SO, NO,. CO. CHu. HH2ETT4
g (chemical oxygen demand, COD). [H44K 54,
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Tab.3 Inventory in construction phase of four kinds of
clean coal-fired power plants

A B AR
CFBC PFBC-CC IGCC USC
AEUR T AL/ (kT/(KW-h)) 4.66 5.11 5.22 224
H/(kg/(KW-h)) 8.38x107* 1.20x10™ 1.05x107 9.29x107*
Fr/(kg/(kW-h))  3.32x107° 5.29x10+ 4.30x107° 4.27x107°

RSN /(kW-h))  1.59x1072 2.86x107° 1.47x107 9.47x107
W AA(kg/(kW-h)) 437x107 1.97x107* 2.03x10™* 2.04x107*
HFE  BA(ke/(kW-h)) 3.14x107° 3.14x107™° 3.32x107° 3.14x10°°

IKVE/(kg/(kW-h))  8.05x10™* 8.64x107* 9.62x107* 3.77x107*
Hil/(kg/(kW-h))  4.76x10™° 5.76x107° 2.89x107° 2.30x107°
£H/(kg/(KW-h)) 2.13x107° 2.88x107 2.13x10™° 1.29x10°°
COy/(kg/(kW-h))  9.04x107% 1.59x107* 8.84x107* 6.16x107
SO/(kg/(kW-h))  7.43x107* 1.30x107™* 7.31x107* 5.14x10™*

NO/(kg/(kW-h))  4.41x107* 7.74x107° 4.32x107™* 3.01x107*

2.32x107* 4.09x107° 2.27x107* 1.58x10™*
Ho  CHW(kg/(kW-h))  1.83x107 3.21x107° 1.80x1072 1.26x107
COD/(kg/(kW-h))  2.15x107° 3.75x1077 2.13x10™° 1.50x107°

[i] £ % T2/ (kg/(kW-h)) 3.34x107 5.86x107* 3.29x107° 2.31x107
JHAR IR AR/ (kg/(KW-h)) 6.75x107 1.18x107* 6.64x10™ 4.64x107*
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ML) IEAT I B REFE RS LR RERE A (Al R RE
BEREREFEIR ML) AR 2w A N T AR R AR
R RE, HAE BRI ROREE B D6 B (1) R #t o
HATE], [AEERERESR L) AT Dl OB ORI
Ky IS sk KA ST YIS i RERE,  HAE
JORL R EURE A0 31 5 F I 5k R 1) R G I )
AR At SR BoE OB AR AR 70%:K
MRS 30% K H A BRiz i, Bk Bz i ok
757 km'", [EAREE S5 AR A Bk is i, IS BRI
4 5kmo,

IBAT MY B B IR RS A k. KRR
FRARNGEK, TR S ) s R Bl . b
TS 4 Pk i T SRR [ Re) B, G HY (R
BRSPS MR 4 R BUEERESK S
MK Mag 19 2.5 4%, FEIERE AP R 23 4 55 0 W 3 5

W5 CO/(kg/(kW-h))
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Tab.4 Characterization of coal samples

Tk # JCE M (daf)/Y%
Ma/% Ad%  Quna/MI/kg)  C H N S 0
7.14  21.52 20.95 7337 528 213 154 17.68

Bt THECR AR R BAR A A v . BTN
B AL B BEYIZE B 4 A5 T AR TS B HERO
LA A R I R A S BRI A SCHIR[19-20]
s Qe ok S5k, R SEBR IS SUAl T — 45
UG R R AR e s R . He,
USC H) RHMHA NG (flue gas desulphurization,
FGD). LR AL IE [ (selective catalytic reduction,
SCR) M < it i« ## L BR 2 (electrostatic  dust
precipitation, ESP). [Ca]/[S](EE/KLE) K 1.1, 6k
REIUHA 90%, [NH3)/[NOJ(BE/R )R 0.9, &k
RN 75%, BRI L ERFEECh 99.5% % CFBC
1 PFBC [[Cal/[S1h 2 I, BRI, 90%2,
2 R )RR AR R AR A, B R L BRI
99%*; BT IGCC HLAL A% i K Fl AR Ak,
[ ZALH X EATHIE e R g8, prbl ez
TR AR A B Bimn . s, BRAHIPERE,
i FL AT LARHE— & ) CO,, AR (s HE 2 HL
4 30%. IGCC K 3C I LU Al v A B 2R M FH Bk
TOTEREEIR, T R T L R A i
Bz, imiid R FE R R S 20% 1 2 K 3
PR, MR R ERRECY 99% 1 b T Ik
A1y BUKAE RS > O A, TR e
FEUHT S B A 2

W) AEIs AT Rl R A RIS AT (GRRY I RR e
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Tab.5 Inventory in operation phase of four kinds of clean
coal-fired power plants
R KA

CFBC PFBC-CC IGCC  USC
1218.64 1040.58 1275.48 1000.10
1/ (kg/(KW-h)) 5.68x107" 5.34x107" 5.03x107" 4.92x10™"
Fi/(kg/(kW-h))  2.36x107° 2.22x107° 2.09x107 2.02x107°
FARR/(mP/(KW-h))  9.42x107° 8.86x107° 2.49x107° 9.29x107*

IBATHY BB AR

AEJRTH FE/(kJ/(KW-h))

)
LU

bEE S

FiAi(kg/(kW-h))  2.31x107% 2.17x107% 0 1.10x1072
K (kg/(KW-h)) 0 0 1.04x107 3. 87x107°
CO./(kg/(kW-h)) 1.61 1.61 1.15 135
SO./(kg/(kW-h))  6.47x10™ 6.08x10™ 4.74x10™ 5.20x10™
NO/(kg/(kW-h))  5.07x10™ 4.76x10™ 2.57x10™ 2.82x107

2.76x107 2.59x107 2.33x107° 2.28x10™
H  CHu(kg/(KW-h))  4.50x107° 4.23x107° 3.98x10™ 3.89x107°
COD/(kg/(kW-h)) ~ 3.48x10™° 3.27x10™ 2.96x10™ 2.86x10™

[ 4 e F40/(kg/(KW-h)) 1.26x107" 1.19x10™" 8.98x107 9.87x107>
JHARFIIR AR/ (kg/(KW-h)) 1.30x1072 1.21x107 1.08x107 1.08x107>

HEE CO/(kg/(kW-h))
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Tab. 6 Inventory in decommissioning phase of four kinds
of clean coal-fired power plants

HL R

I B
CFBC PFBC-CC IGCC UsC
AEE W RE/(KI/(KW-h))  5.26x107" 4.51x107" 4.93x107" 2.47x10™"

PR A7/ (kg/(KW-h)) 1.59x107° 1.37x107° 1.49x107° 7.48x10°°
CO/(kg/(kW-h)) 2.06x107° 1.76x107° 1.93x107 9.64x107°
SOY/(kg/(kW-h)) 1.31x10™ 1.34x10™ 1.47x10™ 7.37x107®
NO./(kg/(kW-h)) 6.61x107° 5.66x107* 6.19x107* 3.10x107
CO/(kg/(kW-h)) 6.69x10™° 1.91x107" 2.09x10~" 1.05x107

3 HR5IE

31 BEEMERE
AEJR M4 % (energy payback ratio, EPR)FRHL
J A A R S e e RE RIS . BT, IBAR
3ABTBRERELLAE, A NI,
E
: (1)

Econ + Eope + Edec

A E ) Ea BN I HEE: Econs

Egec 3N . BT B RERE, Eope NIBAT
BB AR REFE . ARHE HL) &AM B REDSH FE T
BRI EPR A7, X 4 FETEBAE ) 1 EPR
AT . 4 Mk iy EPR HH i BRI
USC. PEFBC-CC. CFBC F1 IGCC, JAt %354 3.59.
3.44, 2.94 1281, HF USC HA KR MIFRCR,
FENRE A R, 4 Frl) BT B
REFE b iy A REREN 99%LL I, Hifth 2 MY BE

BT

Eppr =

REREAE 1%, PILAERf e ) 1 ReR 41T,
FRARIZ AT I Bt e AE S 32 1 EPR Sy RN IR A2
32 24 wRAHRERRER
o) 4k B B YR WY FE (resource
consumption, REC), &, 7R 3 M
BEREUE AR RR IR PRV A S ANAS B o HTHEA Y
ﬂREC = (ZRe,i + ZUe,i)con + (Z Re,i + ZUe,i )ope +

(Z Re,i + Z URe,i )dec (2)

A Re WS @ FREEMRBEGI AR U, 2R @ B
ARREH BV AE . 1B 2 AANFE A7 30 fE4
A A, FrH 1 KW-h LR T AR I B

UsC
| |
1GCC 1
PFBC-CC ]
CFBC I |

0 100 200 300 400 500 600 700
BRI FEHE/(g/(kW-h))
o m il o R o iibF: m ks
o KJE; mil; ot w KA B &K,
2 AMEERER Tt GBS PRRIRERE
Fig. 2 Resources consumption in the entire life cycle of
four kinds of clean coal-fired power plants

i 2 AT RUR Y, A4 A A T DR A
K0 CFBC, BRI FERL /MO USC, HAH
I35k 607.2 F1518.2 g/(KW-h). %8 U5 #E& AL pT
R LEITE 93.7%~95.2% 2 ], RIBRIE AP0 8
PRI FER M LU W . BT CFBC SRR AE AL
Ko BTEAAN R T AL B R B iy 5, i 1
USC A IGCC 5e 4=l LASEHLHL) 500" (3 B 25 73
fli. AXA{E CFBC. PFBC-CC Fl USC HiJ it
AR DU TR, R d T ) #R A A K
AR, IGCC HL) AT Fl i U &
g8, A RE T EEH FE LI N 5B 3 — 2
Wl BBl IGCC ) B K B L At )
oo HABRPSRAI B FE I A L) RO I B
MEEA A iy F IR AE BB
3.3 =4 mEARNERM

M5 [ o B4 955 75 PEL 7 55 40 4% 27 2% (society  of
environmental toxicology and chemistry, SETAC).
7SO E 2" L1 B VO /A o N S A
(intergovernmental panel on climate change, IPCC)
A 1SO14042 SENLHIRERL, KRS AT 73 AN
RRAEAK . 5 8 31 0 57 FR 37 SRR v [ P35 1) S B 17
VR SRV S WA S R PR S SZ s e AL L Y E AT R
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A BRAZ IV (H (global warming potential, GWP). [
{7 (acidification potential, AP). &5 IRILIE(H
(eutrophication potential, EP). A& 7% {H (human
toxicity potential, HTP). [l /4 2% 54417 {H (solid waste
potential, SWP)FIHH 2 A K 423 {H (soot and dust
potential, SAP). FREEFEWIRFAEAL I I FE = EEALHE
BRI AT 5T, AR

Opep (J) = ZgEEP (), = Z[Q(J)l x0ge (/)] (3)
KA Spep(7) M j FPIRIESEMIWEE s Opep(j )i M EH
i FRHEBA O 28 j R RN B R TTER: O )i
N R TCHESCR s See()); AR @ R TOR
5 MBI w2 R

FRAEAL I FE BRI L CO, &I,
FRAGWE L SO, METHA, B EFUEHELL NO;
MR I RERR A I R TR LUAH R (1) 2 & A
T AT R BT WK 7 s

1D RSB EA DTRINUA 2 CO,.
NO,. CO Ml CHyo #fk L GWP HKHIN 1GCC
2.67kg CO, eq/(kW-h), #5 i )l CFBC 3.95kg CO,
eq/(kW-h), BFLRALH B GWP SFIZA 24w
JAH GWP 1) 15%. X 4 Bl 5 U GWP LLE
ARSI G 13 g OBl 3~5 4%, g
H A Ay A, AEREUE R BT T () RER (S
AT KRR HOFEAE = I FE I AR Th RO S
AR, JCIORRRYE TR CH, R AR, XY
GWP HIDTHRZAE 50%LL o M) 2 dn RN %
BB FEHL 6 B GWP BTk Bk, LBRi% A
#1533 GWP, HAH 43 K 1.62kg CO, eq/(kW-h).
1.59kg CO; eq/(kW-h). 0.65kg CO, eq/(kW-h).
0.96 kg CO, eq/(kW-h), T IGCC XKL AT K%
WAL, WOLAEIEAT B B A B )i 2 A
R

R7 AMEETRER E2EHEAHRNREIEE

Tab.7 Environment effect potential in the entire life cycle of four kinds of clean coal-fired power plants

AR = . s e
AP B BT B RBEBY B BB B BT B BB B
GWP/(kg CO; eq/(kW-h)) 6.16x107" 3.34 4.18x107° 1.08x10™" 3.23 3.61x107°
AP/(kg SO, eq/(kW-h)) 1.05x107 1.00x1072 5.93x107 1.84x107* 9.42x107° 5.30x107°
EP/(kg NOj; eq/(kW-h)) 4.95%x107 8.00x107° 0 8.63x107 7.52x107° 0
HTP/(kg/(kW-h)) 1.24x107° 1.18x1072 6.87x107 2.17x107* 1.10x107 6.26x107
SWP/(kg/(kW-h)) 3.34x107° 1.26x107" 0 5.86x107* 1.19x107" 0
SAP/(kg/(kW-h)) 6.75x107* 1.30x107> 0 1.18x107* 1.21x107> 0
FRBE R : eee — : _US¢ —
HH B IEATH B BRI B AR B IEATH B BB
GWP/(kg CO; eq/(kW-h)) 6.04x107" 2.06 3.95x107° 4.23x107" 2.34 1.98x107°
AP/(kg SO, eq/(kW-h)) 1.03x107 6.54x107° 5.80x107 7.25x107* 7.17x107° 2.91x1078
EP/(kg NO; eq/(kW-h)) 4.90x107" 6.82x107° 0 3.45x107 6.57x107° 0
HTP/(kg/(KW-h)) 1.22x107° 7.72x107° 6.84x107 8.53x107* 8.47x107> 3.43x107
SWP/(kg/(kW-h)) 3.29x107° 8.98x107> 0 231x107° 9.87x107> 0
SAP/(kg/(kW-h)) 6.64x107* 1.08x107 0 4.64x107* 1.08x107 0

2) XN EA TR TR EZEE SO, M
NO,.. B4k | AP H = 2HIRAK X4 CFBC.PFBC-CC.
USC.IGCC, AP 175 H 1 IGCC H1(#) 0.0076 kg SO,
eq/(kW-h)#| CFBC #11] 0.011kg SO, eq/(kW-h)Z [i]
O3AT, BN B AP B LU 205k 9.4%.
1.9%. 13.6%. 9.2%. B AP 7ri5 KA A
HOHL) K 10%25 4700, DR s J LR s A % vl
J7 A RLF G AP Rtk o BEANE A AN %A
REFEHFER TP AR AP BT A LR, 430000 74.0%-
74.0%-+ 92.0%- 82.0%. IGCC [¥] AP 52 ) EM]
SRR, I FEARH ) W FE = A1) AP, H4Af
IGCC # AL #H:; CFBC F1 PFBC-CC [f] AP
BRI FERE M, AR ATT AR AP K.

3) RADH B E IR DTk COD kit & EH
T (E. CFBC 14 dn AR I & EP ¥
P, USC 744 f A R HAS EP Rk, 4 Fh
W s Y B EP BT 7 L AR, Yu R
1.1%~6.7%, 4=*E v FH A B A 7 M FE L )
AT B FRAL R EP 1) 66%, BB E
BIAGIE . BT B ) Al R T e
thigmi, hoKE/IMKIR y CFBC. PFBC-CC. IGCC.
USC, iX 28 EP 4 2|4 4= i J& 1 EP 1) 33.3%~35.1%.
Pt LARET7K 5052 0 A58 5% i B U ) X A, e
KA & USC.

4) W NARBEPER (A DTN R 3 26 SO,
NO, fl CO. CFBC 7L 4 Fk 77\ HTP 5K,
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5% 0.018kg/(kW-h), IGCC [ HTP fx/), fHN
0.0077 kg/(kW-h)o AN[FRHLT AZATHr B HTP &
A LA 5330 0 90.5% 98.1% 86.4%-
90.8%, 1M1/ HLI R () HTP ZE3s 4T B B HL A543 1)
22.9%. 22.9%. 4.5%. 14.6%. HILATLAEH, &
ATI B AR R 2B P XA A iy U I HTP Bk
KK, FEHFRIER A RISt i, 510K
FXOF HTP A o ik 19044

50 XF A B T 40 (A DUk B ot 32 A A
WA R . 4 Fhok s 72 CFBC (1) SWP
e, fHM 129.6 g/(kW-h), PFBC-CC A1 USC
SWP X2, IGCC f] SWP #x/)h. FEJEFly CFBC
ORISR, AR R A5 R R B, B T A
S . EENT B SWP A Az iy S A 1)
SWP LLEIHARIRAK, 4300 2.6% 0.5% 3.5%-
2.3%, JIt DA R 70 gk HE . IS AT B B T o

6) MRAEH) T 3 BB AR A AR,
IR & H 7 QR AR R K 227 . CFBC {E 3%
ANEdr N SAP fmr, fHA 13.6g/(kW-h),
PFBC-CC ¥ SAP {ii}y 12.3 g/(kW-h), IGCC f{] SAP
fii 4 11.4g/(kW-h) USC ) SAP 1 & /N N
11.2 g/(kW-h), BRI 4 Fle ) PR g #ERIE S e
A1) SAP Z1h A i I SAP 1] 98%. MIzATEY
Bet B i B kA, CEBC A KR (5 R K2
P iy 1 3 I, Al SAP KSR I s
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