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Abstract: A typical case of an ultra-super critical (USC) power plant with flue gas advanced treatments was
studied by a life cycle assessment (LCA) method to analyze its environmental impact. Emission data were
traced back to where the flue gas was directly released when setting up LCA inventory, and the input data of
removed waste gas were set as negative. Eco-indicator 99 and IPCC GWP 100a were chosen to evaluate the
environmental impact and greenhouse gas (GHG) emission. The results show that climate change is the
dominant factor with the life cycle GHG emission factor of 0.786 kg CO,-eq-(kWh)™'. 99.9% of the damage on
climate change comes from direct CO, emission in the burning unit. Denitration, dedusting and desulfurization
devices can reduce environmental impact by 3.5%, 83.0% and 6.5%, respectively, and they have little damage
on climate change. Sensitive analysis results indicate that auxiliary power and coal consumption are
proportional to environmental impact with equivalent sensitivity. The removal efficiency has negative
correlation to LCA results in flue gas treatment units. In addition, comparing to the advanced flue gas treatment
technologies, the three general treatment units have higher environmental damage of 19.5%, 3.7% and 7.1%,
respectively. This power plant shows competitiveness in both environmental and economic aspects.
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Table 1 Inventory in construction phase of power plant

Raw material Consumption / t 18] Classification Distance / km Road / km Railway / km
Al 255
Cr 122
Cu 454 Steel and ‘t“’lnfem’“s 1108 21.6 886.4
Mn 112 metals
Steel 40293
Concrete 74257 Cement 375 75 300
Fz2 BOEES
Table 2 Characterization analysis of coal
Elemental analysis Proximate analysis
Component Symbol Ratio / % Component Symbol Ratio / %
C Car 63.58 Air-drying basis water Mg 1.78
H H,: 4.05 Dry ash-free basis volatile Vat 32.54
(0] Our 8.99 Ash Aa 13.16
N Nar 0.81 Total moisture Miar 8.5
N Sar 0.91 lower heating value Onetar / kKJ -kg’1 24898
Ash Ay 13.16
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Table 3 Inventory in flue gas treatment process of the power plant
Unit Input / Output Consumption / t Data source Distance / km Road / km Railway / km
DeNOy Liquid NH3 2145.0 Field survey 150.0 150.0 0
Catalyst 66.7 Field survey 5.5 5.5 0
DeDust Dust 444300.0 Field survey 55 55 0
DeSOx Limestone 112200.0 Statistical data"”’ 303.0 60.6 242.4
Gypsum 193600.0 Field survey 5.5 55 0

32 FRItH
WRIEHT Fitl, K] ) HBEEN 5%, ZHEEDIGE KB EREATHE, B 1R BEEA
1900 MW . PLEFEIZAT 5500 /NI HEL, BRI R BN 1.045%10" kWhe HLJ I 4ERR A 30 4E2,
) AR A5 4 B P PR R LA 3,135 10" kWhe 2N N H I ) 1 S5 504 35K 11 T Ecoinvent %48 & o 8
UNE 4 R .
F4 BETIHESTORMASRE SRS

Table 4 Inventory of input/output data of the power plant based on functional units

I Input
Process Item nput Unit Value Process  Item ey Unit Value
/ Output / Output
Al I g-(kWh)™! 8.13x10™ Coal I g-(kWh)™' 376.30
Cr I g-(kWh)™ 3.89x10™ Water I g-(kWh)™' 301.00
Cu I g-(kWh)™! 1.45x107 Railway I kg'km-(kWh)"  194.77
Construction Mn I g-(kWh)™! 3.57x10*  Burning Road I kg'km-(kWh)"  75.64
phase Steel I g-(kWh)™ 0.13 unit Dust (0] g-(kWh)™' 45.00
Concrete I g~(kWh)’l 0.24 SO, (6] g(kWh)™' 6.92
Railway I kg'km-(kWh)™' 0.19 NOy 0 g-(kWh)™' 2.70
Road I kg'km-(kWh)™' 0.047 CO, 0 g-(kWh)™ 764.00
Liquid NH; I g~(kWh)’l 0.21 Limestone 1 g(kWh)™' 10.70
DeNOy Road I kg-km-(kWh)™! 0.03 Deso,  Railway I kgkm-(kWh)™" 2,60
device NOyx 0 g-(kWh)™ -2.16 dovi X Road I kg'’km-(kWh)"  0.65
NH; 0 g (kWh)™! 0.0031 eviee SO, 0 g (kWh)™' 6.74
DeDust Road I kg'km-(kWh)™' 0.23 Dust 0 g-(kWh)™' -0.09
device Dust 0 g-(kWh)™! -44.82

Note: I: Input, O: Output

4 R IIEMN
4.1 FNIEMN

Eco-indicator 5772 /& F A V2 I (K0 80 e 2 — BT LIS AR SR YI(Ca) A WL T R
GEANE(RO) BN PR R SEAOHEE (RS 11 MIFBEYIRAL, LARBLR 3 Mt S e
(Human Health) 835 T2 16(CC)- LB (Ra) s SLAUZFE(OL)s Cas RO LA RI; A5 it (Ecosystem
Quality) 3% +- i FI I (LU)~ FRAL/ 5 2 72 0b(Ac/Eu) B A 5 T3 (ET)s 1T WE SR FE(Resources) ML FE R4
B (Mi)FIAG A RN FF) BT FE . DA EFRSEEEM J7 1@ Eco-indicator TR 77 iR BEATRFAE AL MIFR HE A0 AL B
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Fig.2 Environmental impact of the power plant Fig.3  Damage categories of different phases
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ARG, BT E) JRIERD R AR, B EATEAA B AL CO SRR, IR
R COL Bt 5 AR N R, S ECH T X B85 5 K 408 T A2 X S AR A PR 2] o 2 e YR FH ok
AUREASAREE I R I REIRY, R B AT TS A iR Sl USC WLdL, HEY Co, RIH+2 W, 78
RARITT RN TAES, BEVREE A DA B o o L R 2 i, SR RGO B R HE O PR B 45
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42 BENRLAERN 25 RTINSO
IPCC GWP 100a it&E V=2 Table 5 Impact on climate change of different sub-processes
JN . e Operation ph
ST i, AR | peration phase
\ N N Total Construction Buni Flue gas treatment unit
Mg U‘ *H E Em ig ,HS % uzl B j\j 0, U\ —H phase um'ltng DeNOy DeDust DeSOx
unt
LB 24 & (kg COr-eq-(kWh)') i JE X & device  device device

0.786 291107 0.785  4.45x10™  3.80x107° 2.66x107*

e 2 SR T BT AR AR 1)
SO o AR ) A oy A A S A HE R R
TN 0.786 kg CO-eq-(KkWh) ™, FRE PR 1972 — S BRFEA § 4 1.084 kg CO»-eq-(kWh) ™' 2, USC
FORFE 1 7 BRI FH AR A S ) 7 IR 2= SRR BT 99.9% 1R & SARHEBOR B TRk

Unit: kg CO,-eq-(kWh)™
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TG, RUBERR RS BB — A B . AR B e AR LB T KRB A H AU, HIEARRAE SR 77 T
EEISCERER, A FTE. (Hl TR AL HERERE B B S8, mEaEs
B B oy FCAH L PR FE DT 6, BRI 3 AN AR BT B e R It X S AR A IR S M AR /S, AR B B e 0 S A AR A
(R EHER F 4 7.49%107 kg CO, -eq-(kWh) ™, A 7 H T BHEUY 0.1%.
43 RN

LCA ZiR&PEEE PR SR TS . AT RS , #x0 HEAP). BFE(CCO). BHFE
(DN). Br 2228023 (DD) A B R (DS)IEAT BUBRNE AT £ FH N 5% WZEAS - B RIFshHUE 7% F13%,
THEE B SRAF S M PR 45 L o JRERE TN AE J5 ok F 2 R s 9 10% UL TE B SCDRAC 2 o] SR
SIG YT IRFE AR BE, IR EEACBRAE D RS R R, BTy FERIY A ge B AE R . DRIk, IR
TR AN LR 2R 2 A 50% F90%, EFEFRAZEN 99.0% HBLERHY B M BR DB AR AT IS FRAL
PETHE, AR — AR B R T RS R0 PPN 25 AN SRR PPN 5 5, DAE PR AR B AS 3 0) 25 2R
M BUB M . DR B — AR SR AE 5 ) AR R T I SO A RO, RS B LR 6. BUBME AT Es R 4

B
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Table 6 Inventory of sensitive analysis
Process Item Unit Original value AP =% AP=3% CCO +10% CCO-10% DN=50% DD =99.0% DS =90%
Al 2(kWhy™ 8.13x10™ 8.31x10™ 7.97x10™ 8.13x10™ 8.13x10*  8.13x10™ 8.13x10™ 8.13x10™
Cr 2(kWh)™' 3.89x107* 3.98x107* 3.81x107* 3.89x107* 3.89x107* 3.89x107* 3.89x107* 3.89x107*
Cu 2(kWh)™' 1.45%107 1.48x107 1.42x107 1.45%107 1.45x107 1.45%107 1.45x107 1.45x107
Construction Mn 2(kWh)™' 3.57x107* 3.65%107* 3.50x107* 3.57x107* 3.57x107* 3.57x107* 3.57x107* 3.57x107*
phase Steel 2 (kWh)™! 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
Concrete 2(kWh)™ 0.24 0.24 0.23 0.24 0.24 0.24 0.24 0.24
Railway kg'km-(kWh) ™ 0.19 0.19 0.18 0.19 0.19 0.19 0.19 0.19
Road kg'km-(kWh) ™' 0.047 0.048 0.046 0.047 0.047 0.047 0.047 0.047
Coal 2 (kWh)™! 37630 384.40 368.54 413.93 338.67 376.30 376.30 376.30
Water 2(kWh)™ 301.00 307.50 294.79 301.00 301.00 301.00 301.00 301.00
Railway kg'km-(kWh) ™ 194.77 198.96 190.76 214.25 175.30 194.77 194.77 194.77
- Road kg'km-(kWh) ™ 75.64 7727 74.08 83.20 68.08 75.64 75.64 75.64
Burning unit o
Dust 2 (kWh) 45.00 4597 44.07 49.50 40.50 45.00 45.00 45.00
S0, 2(kWh)™! 6.92 7.07 6.78 7.62 6.23 6.92 6.92 6.92
NOy 2 (kWh)™! 2.70 2.76 2.64 297 243 2.70 2.70 2.70
Co, 2(kWh)™! 764.00 780.43 74825 840.40 687.60 764.00 764.00 764.00
Liquid NH; 2 (kWh)™! 0.21 0.22 0.21 0.21 021 0.14 0.21 0.21
DeNOy Road kg'km-(kWh) ™' 0.03 0.03 0.029 0.03 0.03 0.02 0.03 0.03
device NOy 2 (kWh)™! -2.16 221 212 238 ~1.94 -1.35 -2.16 -2.16
NH; 2(kWh)™! 0.0031 0.0032 0.0030 0.0031 0.0031 0.0031 0.0031 0.0031
DeDust Road kg'km-(kWh) ™ 0.23 0.24 0.23 0.23 0.23 0.23 0.23 0.23
device Dust 2:(kWh)™! —44.82 —45.78 —43.90 —49.30 —40.34 —44.82 —44.55 —44.82
Limestone 2(kWh)™! 10.70 10.93 10.47 11.78 9.64 10.70 10.70 9.90
Railway kg'km-(kWh) ™' 2.60 2.65 2.55 2.86 234 2.60 2.60 2.40
g:vsi?: Road kg'km-(kWh) ™ 0.65 0.66 0.64 0.72 0.59 0.65 0.65 0.60
S0, 2:(kWh)™! —6.74 —6.89 —6.604 742 —-6.07 —6.74 —-6.74 -6.23
Dust 2 (kWh)™ —0.09 —0.09 —0.088 —0.099 —0.081 —0.09 —0.225 —0.09
R E ) R, A 70 10
TS R R FRBARA AR o5 o o
O = e IO =1 VR
E@%o %}—)EH EE]:ZEE—‘I%— 2% Hﬂ', EE‘}—N%%E\ f 6.0 Base lineD o ;07
‘ .
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X 550 «
I 22%: M/ FIHIRA 2% W, BREE & JosS
, . 2500 . i~
B IR RO R AR B B R 2] S Lo
3 = O
22% Al 2.0%. MBHERII 10% BF, T €457 Baseline ™ 03
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S o g - b 2 o AP AP CCO CCO DN DD DS
53 A IR A58 55 R X A AR A 1) 457 5 43l ik 2D =7% =3% +10% -10% =50% =99% =90%

11.2%%1 10.0%.

4 BRI TS REER

Fig.4 Comparison of sensitivity analysis results
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BEARE N T 1.3%. 55— 510, Xl 2 RS E A0 LT 356 520 o 8 B B0 AH H2 A Hh 38 I 4 770 J2 ke S
JUPA 2GR H S AL BUR R R 8 . BRAEESCN 99.0% I, HL IR ) H R AR iR & 1
3.7%. RIEHRANHA =S ABEFEAR, BWARSIEMABEMN, M em WHBE, JFASX
FHHLZRIE B AR . AR ZE NI I A B, RSB BeAS 5 o FL sl 7 LR /DS, FE BUBE VE A B .35
A XBRARRCR AR I BB Fik, BRARCRE ) B /MR R . BERRCR
IH 90% B, ) XFIAEE R ERLEIR S T 7.1%. BRI, AT B SR R 7 A R B AR
6.1%, MBEAEN 97.4% KRG H, s Bl bk o= A RS E T T 0.4%. 1
T 7 TR 5 RN P R B LT Ak . R, A% (R F B et ) i S AT 2

L. B, BOREE E AL FRCRIUA 50%. 90% A1 99.0% I, ARF T BRI M AL BE it
PIAEERE K, AR 3 AN ICIIAEEERCR 737N 80%- 99.8% 1 97.4%, fRF T M IR LK.
PLET &, IR FEACEE AT DRI e R IR FE = 2R 1 93.2% MRS R E, 1o — M AbHE L BEFFK 90.9% 3R
SRR o AR FE AL PR R RS B D )R IR B 1T LA SR IR AR E AR . R
S PR 2R R [H] I AT DA R R R SR AR R 5
4.4 AT

A i JE PPN 751 R B O T i BOE RGO IR IR, AN RAR GBI AT, R A A
FACK G B TR R B R0 RGN A TE . IR RO H ) RE, ZEREARS KAMAR 0.221
Je-(kWh) o T IS, AU E A R EBCR AR AR, DL P ks T, ML) A
HION 5% MIZEBINS, T A 7% A1 3% B 50K 0.0037 J6-(kWh) ' F1 —0.0035 JG-(kWh) ™, 437l
F 1.7% A —1.6%.

FIEFE B B SGIRONT 2255 AR R 3G Dk B A R BV R I, BB I I I AN 0 T A B SRR ) AR
W2 5| RIS R A G IN, M R I NS . HE AR, USC HLAAH b H B i i AR,
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Z5A 3 NS REE IR, RERFAR T — s R THEAME. BiE. AXAHES
EGIN, LA NOx JEAFN SO, HEBCE /D o ARHE 1717 3540 M oF B ot e 2 Y FE3S 0 1 0.0013 It
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BT AR 5 B 2 P A R B 22 5 R IR 9T

5 &
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