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Analysis on production process of coal to oil with life cycle assessment

ZHU Ling' FENG Xiangzhao> KONG Jiawen'
( 1. Department of Environmental Engineering Beijing Institute of Petrochemical Technology Beijing 102617 China; 2. Division of Climate Change Policy
Research Policy Research Centre for Environment and Economy MEP Beijing 100029 China)

Abstract: Based on the spot investigations and annual report statistics of a coal chemical factory the total energy consumption and pollu—
tants discharge of the entire process were calculated and analyzed by LCA methods including the coal mining process transportation
process and coal to oil process.In order to promote the low carbon and green development of coal chemical industry on the assumption of
ensuring energy security and clean using of energy the environmental impacts were also identified and the major pollution processes and
pollutants were determined.The results show that production of 1 ton coal—based oil the total discharge of gaseous pollutants is 16. 56 t
among which CO, is about 98.03% of the total emissions.It is mainly from the adjustment of C/H atomic ratio in the processing step and
combustion discharge in the energy power generation step being 53.9% and 25.87% respectively.The total amount of greenhouse gas emis—
sions calculated by CO, is about 16.23 t acidification gas is 33.847 kg SO, eutrophic composition is 30.483 kg PO, and photochemical
smog generated is 2.651 3 kg C,H, as well as dust is 0.834 kg.The total discharged wastewater is 8.204 4 t/t oil and 68.74% of which is
from the production process.
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Fig. 1 System boundary of the coal-to-liquid chain
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Table 1 Data sources for the LCA analysis 4
>> 16
14 17
15 2.
14 (
s (2010 ) )
4411
10 000 Nm’ /t GB 13271—2014 (
'™ S0,.NO, PM
2
Table 2 Emission inventory and pollutant emissions for coal mining and washing
( ( O
) /(g M) ) /(g MITY) “/(mg e m™) "/( kg * kWh™') ) /(kg+ )
CO, 4.259 5.733 3 105. 200
CH, 0.422 0. 425 263. 300
N,0 0.062x1073 0.172x1073 0.083 40 0. 103
CcO 1.55%1073 1. 143 80 0. 800
VOCs 4.87x107* 0.083 48 0. 151
NO, 300 6.46x1073 5.565 90 2. 694
50, 300 9.93x107? 3.556
PM 50 2.02x1072 5. 196
‘a GB 13271—2014; b 4 Do
(
(2010 ) )-0610 70% 30%.
=120 t/a /
I 0. 14/t ( ) o
It 1.485 to N o
3.2 "
100 km 3.
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Table 3 Pollutant emissions during transportation for 2014 (
coal mining and washing ) 06000 kW
/ / 318 g/kWh 70%
(mg - (tekm) ™) (mg-(tekm) ™) Ik 231 532 535 kWh 73 627.346 t 1t
CO0, 23770.0 317 200. 00 182.328 0 0.9203 t 289.416 kWh,
S0, 182.0 245. 80 0.160 0 .
NO, 764. 1 70. 57 0.443 0 + . - ¢
co 2758.0 96. 60 1.559 0
— 308. 60 0.073 7 ( 2010 ) >>4411
5 o
3.3 Co, 2.46 kg/kg .
4 o °
4
Table 4 Discharge of pollutants in raw material processing for CTL program
1t (31%)
/t 1. 142x107! 5.529x1073 5.918x107! 5.625%107° 2.563x1072 1.473x1073 0.740 8
/t 1.120x107° — 3.352x107° 3.75x1071° 1.281x107° 4.416x107% 4.605%107°
/t 3.448x107° — 3.6x107° — 7. 6881077 4.022x1073 8.044x107°
It 2.736x1077 — — — 4.1x107% — 3. 146x1077
It 6.463x107° — — — 1.538x1071° — 6.616x107°
/t 2.8x107% — — — 2.05%107° — 3.005x107°
It — — — 1.875x107 ! — — 1.875x107 "
/Nm? 60. 325 2.073 8 84.312 0. 659 0.328 1.178 148. 875
t 2.973%107° — — — 1.025%x107° — 3.998x107°
t — 2.027 5x107%  1.331 2x10™° 4.987 5x107® — — 3.408x107°
It — — — — 1.438 1x1073 — 1.438 1x1073
5
Table 5 Pollutant emissions in energy and power generation processes
COD/g /m? NO, /kg S0, /kg PM,, /kg CO/kg €O, /t VOCs/kg
— 7.481 3 7.612x10° 5.9258 5.4815 2.590 8 0.5112 4.2 0.134 9
1t o
3.5
{
( 2010 ‘- ” »
) ) 11 t/t o {
CH,.CO.VOCs N,0 »roo«
( 2). SO0,.NO, y
PM 4411 5.64 t/t o
o H/C 0.2~1.0 H/C
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1.6~2.0 H/C 46.6 MJ/kg CCpy=18.40 g/MJ,
CO,. 44 44
P ’ F= ECCFCFORFC - ECCFWB =
1 44 44
— x24.74 x 90% - — x 18.40 x 42% =
44 44 12 12
F = 1 CCyc FOR - D CCym. 53.306 g/MJ
CCye 24.74 ¢/MJ; FOR,, 26.38 MJ/kg
90% ° ; CCpy CO, 8.747 0 t/t( ) “
g/MJ; 7, ( 7 ( )
) 42% ., (6.1 1t/1) 4 t/t
CCqpy o
C( kg/L) d( kg/L) S
0.725 kg/L 3.6
C=0.870 553 84 -0.009 476 8 6.
6
Table 6 Statistics of pollutants for various stages of the CTL program
/kg
o, CH, NO, S0, o VOCs N,0
3105.2 263.3 2. 694 3.556 5. 196 0.8 0. 151 0. 103 3 381
182. 328 — 0. 443 0.16 0.073 7 1.559 — — 184.563 7
0. 04 0. 003 04 0. 043 04
8 747 0. 696 13.311 8. 487 1.927 7.178 0.532 0.174
4 200 5.9258 5.4815 2.590 8 0.5112 0.1349 4 214. 644
16 234. 528 263. 996 22.580 18. 041 10. 434 10. 097 0. 834 0.277 16 560. 787
2
CO, 98.03% CO,
C/H
53.9% 25.87%. CO,~.CH, N,0
99.62%
CO, o
CO,
. 2016 e 7
» 2 LCA
. Fig.2 Distribution of gaseous pollutant emissions in the
. major five steps of the CTL program
68. 74% .
7o
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7 50% 1/3
Table 7 Statistics of waste water for various stages of .
the CTL program
1t /t /% 4
1.4850 18.10 4.1
0.740 8 9.03 8,
5.640 0 68. 74
0.356 6 4.13 19
8.204 4 100
SETAC ISO
8 10-11
Table 8 Life cycle impact categories and
characterization factors '°"'
18. 1%
2 5
It
2t
4.2
1t
9 o
9 1t
Table 9 Environmental effect analysis of the CTL program
/
/kg
Ikg (kg ( =a)7") (PET,0)
CO, 16 234. 528 1 16 234. 528
(GWP) N,0 0.277 298 82. 546 8 700( CO,) 0.83 2.186
CH, 263. 996 25 6 599.9
C0,) 22 916. 974
S0, 18. 041 1 18. 041
(AP) NO, 22.58 0.7 15. 806 36( S0,) 0.73 0. 686
S0,) 33. 847
NO, 22.58 1.35 30. 483
(EP)
PO,) 30. 483 61( PO,) 0.73 0. 365
CcO 10. 097 0.03 0.302 9
VOCs 0. 834 0.6 0.500 4 0.65( C,H,) 0.51 2.080
( POCP)
CH, 263. 996 0. 007 1.848 0
C,H,) 2.6513
Dust PM,, 10. 434 1 0. 834 18 0. 61 0. 028
5.345
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