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Table 1  Proximate and ultimate analysis of rice straw

T4 H1/% JCE T/ %
W FC. Va Au [Cla [H].a (0] [N]. [S]
9.10 16.75 63.69 10.46 35.37 4.82 39.15 0.96 0.14
* 12 4£&EETHHRSLR
. i 7R S0 B W R T A SRy TR AR ) R B B
g b aw an OPWEPS LU EPEERVERRUE 3 A HOTH
# Bome B, b R E S A R A K RS s 2
o ww - RS AR 0 R 2 7 A R AR 0 T
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Fig. 1  System for bio-emulsified diesel
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Fig. 2 System for bio-hydrogenized diesel
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Fig. 3 System for biomass dimethyl ether (DME)
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Fig. 4 System for biomass Fischer-Tropsch liquid (FTL)
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Table 2 Inventory results of rice straw growth and

transportation
- j?%%ﬂkﬁﬁz/kg-(t %Eﬁ?%)"w :
(EICESS ik
CO, -1261.52 6.24
CH. 4.3002 0.0001
N.O 0.0375 0.0003
NOx 0.1255 0.0279
SO, 0.1078 0.0050
CO 0.0155 0.0119
HC 0.0022 0.0037
PM,o 0.0173 0.0002
TN 0.3240 —
12 0.0572 —

R3 UAEHEFNSEHES

Table 3 Inventory results of fossil diesel production and
transportation
— ‘ jﬁ%%ﬂﬁ“ﬁ/kg-(t%?m)’] _
AR S g seihizki
CO, 230.75 1701.93 10.17
CH. 0.7166 0.6563 0.0005
N0 0.0047 0.1312 0.0001
NOy 0.9848 4.7624 0.1301
S0, 0.3852 2.9490 0.0129
co 44214 1.2880 0.0394
HC 0.0590 0.1246 0.0105
PMo 0.0543 0.5084 0.0033
COD — 0.0671 —
NH;-N — 0.0083 —
L3 — 68.22 —

22 HEFEEREMSRMBEAS
FLAL I AR B0 O#5E I AN FL A7) 44 i B 4 AR
20% \75% M1 5%WC el A5 o FULAL T A= P i) 18] 422 52 T

22 4 B 1 R YRR BE PR S R, A
BRI LR IR T T AEAE RS 0.5 v, AR BRI AR R
129 kg, THFEHLAE 296 kWh., A= ;=4 Wik i 9 75 1 #E
W 4.077 ¢, FEE 0.8 t, 28 ] = Sh AR % 2050 kg,
THAEFBE 1172 kWh 32 H a8 i i Bl AR <
oA A, F A P (R SR S S i A FE R RS AR K s b
SACA B B S e A SR () PR R
ARG S0 ) Az = s R e o LT RE RS A IR 1
15 YL HET A S AR A i o] L A ek R 1 ek Y
AP R HEROE B (AN 4) . RSB L
ABRFT I R 5 Y HE O T Sak (9 1353 30, 2R
FE gl T ARG RS 3.7 t, T FE HRLBE 600 kKWh,
Az pe Al P FC I T FAE RS 13.007 ¢, & P2 378 kg,
THFEHLBE 800 kWh,
R4 FERESEURERIEREIE RS A

Table 4 Inventory results of four liquid fuels from biomass

production
,\ TR g ( W RRRRD
HgY) —— ; oy ;
Ul KEHEh T HIEE baginlil
CO, 422.77 197375  3304.57 12398.34
CH, 0.0023 11.4219 3.6712 1.9258
N.O 0.0021 0.1133 0.0060 0.0019
NOy 0.6530 6.6353 2.4629 12.7726
SO, 0.7166 6.2454 4.4527 12.8728
co 0.1035 2.6170 5.4660 12.8957
HC 0.0100 0.0896 0.0282 0.0087
PMo 0.2116 2.6638 1.6106 10.3669
CcOoD 0.0226 0.2937 0.0750 0.3000
NH;-N 0.0032 0.0490 0.0125 0.0500
Ei)73 27.12 244.75 438.62 1419.37

23 EFETHENSRYFESHT

A SO AR GE—1E A 4 BRI 2% , ZL Ak
PAE R 37.4 MY/kg, K il i AAAE 21.4 MJ/kg, — H ik
HAE 27.6 MI/kg, PRFCIMAAE 43.7 MI/kg, O# 5% i #4
{8 42.7 MI/kg, AR Y5 ARSRBE 1 T, (B 152 58 2 R Be
15 O HE L TS AL B A HE > P )
PP I A (LS  MD6601) 15 3 . AR MR RHE A
% J& CHL A NO WO HERIC . ZLAK I FORS 7 28 7 i
R PRI 7 b FE 7 AR A A B R R HE TSR
R IE 5590 o SRFTah AR = i B vp 9 2% T 0 25 18
K HIVELF Yt , A% JEZ B B, AR
T SR HEROE B3R 5
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Table 5 Inventory results of the downstream process

consumption
. TS YRR kg - (R
R —— — . .
FUfkih OREWI HIEE fetih o#Zh
CO, 2713 2090 1914 3113 3135
CH, — — — — 0.0784
N.O — — — — 0.1569
NOy 20.7307 11.9586 6.9202 18.2052 22.1527
S0, 2.0000 — — — 2.5000
CcO 6.7491 3.5273 1.7279 7.3091 8.3432
HC 24299 0.8142 0.5184 2.2445 2.5893
PMio 0.2410 0.0634 0.1555 0.2008 0.3165

BRESEY)  12.89  205.00 — — _
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BRSO, o R BE 5 AR LR AE 4.5~6.0 Z
fi] 2200 PML B AR 2 12000 ¥ /i,

5) AR SOKIR I E E SR R H N.COD Al
NH.-N [ HE, N 5821k SO, 1Y PR 5 i i A F R
H0.2~08%, iF BB EI{E 3000 Y /t, COD Fl
NH:-N 288 =& 09 24 & H A, 4 58 160 Y /it
12500 Y /t,

6) I 4% (0 [ [ 42 B A S AT A 2004)
7N, 2004 453 EDB G Tl AR E 52 1762 7 ¢, i
FiH 617.7 J7 m®, fH 3% 2% 1 oo Bl 23 BUAS 29
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Table 6  Environmental cost of five liquid fuels in the life cycle

PSR AY -G

TR om W MR e e
CO, 8.481 -3.940 1.664 -1.494  9.495
CH, 0.170 2.706 1.419 2.648 0.064
N,O 0.078 0.298 0.126 0.269 0.076
NOy 4.703 6.107 2.452 5.131 4.443
SO, 0.848 1.880 1.059 1.969 0.820
CcO 0.717 0.702 0.634 1.129 0.790
HC 2.201 1.379 0.655 1.695 2.065
PM,, 0.284 1.569 0.796 2.964 0.247
TN 0.013 0.185 0.130 0.289 0.000
COD 0.000 0.002 0.000 0.001 0.000

NH;-N 0.001 0.006 0.001 0.003 0.001

qezy 0.218 3.108 2.187 4.856 0.000
[ J& 0.144 2.788 0.413 0.844 0.042
At 17.86 16.79 11.54 20.30 18.04
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Fig. 5 Contributions of environmental impact in

different stages
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Fig. 6  Contributions of different environmental
impact categories
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Fig.7 Main environmental impacts cost comparison of

different liquid fuels
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LIFE CYCLE ASSESSMENT OF HIGH-QUALITY LIQUID
FUELS FROM BIOMASS

Qu Tingting, Xiao Jun, Shen Laihong
(Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education , School of Energy and Environment ,
Southeast University , Nanjing 210096, China)

Abstract: The method of LCA (Life Cycle Assessment) was applied to evaluate the impact of pollutant emissions in the
full life cycles of biomass emulsified diesel (BED20) , biomass hydrogenated diesel (BHD) , biomass dimethyl ether
(DME), and hiomass Fischer-Tropsch liquid (FTL). The pollutants (i.e., CO,, NOx, SO,, etc.) in life cycle was vento-
ry were classified into seven categories on the basis of environmental impacts, and the magnitude of each pollutant was
monetized. The results showed that the environmental costs of DME, BHD, BED20, fossil diesel and FTL are 11.54 ¥/
GJ, 16.79 ¥/GJ, 17.86 ¥/GJ, 18.04 ¥ /GJ, 20.30 ¥ /GJ, respectively by ascending order. The upstream environmen-
tal performance of bio-flues, except for BED20, is significant better than that of fossil diesel; the consumption environ-
mental performance of bio-flues is also better than that of fossil diesel; and the production process make a greater contri-
bution to the life cycle environmental impact of bio-flues. Compared with fossil diesel, the greenhouse effect of biofuel is
reduced by 9.4%-121.1% ; acidification and photochemical smog of DME are reduced by 27.8%-34.7% and 15.6%-
53.8%, respectively; but other three bio-fuels acidification increases by 5%-61.2%.

Keywords: life cycle assessment; biomass; fast pyrolysis and upgrading; liquid fuel



