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Abstract: Coal is dominating the context of energy supply and demand, and is also considered as one
important option to be converted to liquid and gaseous fuels for vehicle use in future in China.
Tsinghua-CA3EM model is employed to calculate the life-cycle fossil energy and GHG emission intensity of
the four major pathways of coal-based vehicle fuel in China. The results show that: 1) both the two aspects of
intensities of the studied coal-based methanol, coal-based dim ethyl ether, direct coal-to-liquid and indirect
coal-to-liquid are all about one time higher than conventional gasoline and diesel for vehicle pathways; 2)
with the technology development in future, the above situation can be improved; 3) the development of
coal-based fuels will substitute the petroleum in China effectively; and 4) Carbon Dioxide capture and
storage technology is an effective option to study for low-carbon coal utilization.
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CBF) LAl & 42 i 75 3k 7 7 J s IIIEINOl - = 55t 1,
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Table 1. Energy efficiency of CBF factory (%)
% 1.CBF I 8EiFHE (%)
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cBM 2008 30-45 [21]. [221F0[23]E0:R 5 HF
2020 50-60 [22]. [241F1[25]F5ivt B AA
2008 38-44 (BRI

CBDME [211F[22] ¥ BAR Y
2020 42-54 [221F1[24] i1
2 - 5% T 2R

DeTL 008 45-55 [zzmﬁﬁﬁf AN ED
2020 55-60 [221F0[23] i+

cTL 2008 40-44 [21]. [221F0[23] I ER T
2020 42-52 [221F0[23] i+

3.2 EHiREFRLIE

A M E CBM 1 CBDME 34 A sitim iy 2%, it
TR A Bt ] se N T 2 H P s mcis, F
YJIE N 100 km: 1ff DCTL A1 ICTL W) 54E 4875 e
MA B AL ERiEEd, Bigsh A5t
50% , “F¥Jizffih 900 km; KigiEk A 50%
VIR 1200 km s RLIRA BISE 7 10%,
iz 50 kmi, KAEAERE LS, BT s
Ay Lz AT L I 100%.

IR RS, S s i ) ae TR o B Rk
PRGN 2 fros; {EA R BHs i CBF R#AVY
(MJI/kg)Ji» P A H F arC 16 B B 1Y) REVR RCR AT
JH3E Sl g el

Table 2. Energy intensity and fuel mix for transport
F2 XERFEBERBHEMITEER

IRBHRIE S 454

AR AEYE 5% (kd/ton km)
ki 240 45 (55%), H71(45%)
Kig 148 #4Hh (100%)
3 A B 1362 5 (68%), 11 (32%)
Kk A 1200 Ll (68%), 0l (32%)

3.3 IZ2Mue4wRARRERE

FHOG T SRR ) 4 A= iy A T e st 5 48 225 S
BR[18], Z W38 3, Wit AT TA = 1 MJ RS,
X J0R 5 A JEUGE TSR AR 326 A3 0 P i ) 4 FE
TN 1.06 MY iU, AT ZIS I NG F1 0.11 MJ i

Table 3. Life-cycle primary energy intensity for process fuel

F3. ITZHBleEGRAR—RLAER

T H LARERE  BRRERE  RBRARERE mihAERE
. MJ/MJ MJI/MJ MJI/MJ MJI/MJ
AT

biyes 1172 1.061 0.001 0.110

493 Scientific
L2
+* Research
Seih 1319 0.156 0.027 1.119
YA 1331 0.164 0.049 1.130
PRRHH 1.220 0.139 0.026 1.055
4 2.924 2572 0.021 0.330

FHOR TR BB B S AT FH ) GHG i
[ER 27 SCIR[18], 2 WA 4, W T TRk
M 1 M S, fEERG AR, AbE, IE A
A PR S IR B ) A B BRI
27.87 g CO,. 0.08 g CH, F1 0.44 mg N,O; 1fj 1 MJ 4&
TAE R AT PREAL I, ¥ HARHER 72.6 g CO,.
0.04 g CH, #110.002 mg N,O. £ CH, Hll N 5%
SCHR[26], NO HE R 1) 25 2% [1 7RI [19] Y BRIAE

Table 4. Upstream and direct emission factors for process fuel

R4 TR GEH LN R RBEEFRRE

Y B HEZHK

co, CH, N0 CO, CH, N,O
oMl gmi mgms IM M mgiv
L 573 043 047 816 0001  0.001
Wl 9787 008 044 726 0004 0002
PUll 2883 009 047 679 0080 0002
RRHIE 9533 007 041 758 0002 0
V) 265.22 1.01 3.92 0 0 0
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IS FR) B FIE TR ~F- 35 5 FE K AN 197.11~232.98 g COppe
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MR 7 3R, CBF WA RN A RO A,
B 4 i Jo ST REAE SR TR L= (¥ CBM i 2k
G4 A i J 3000 A ek T R A D A% B Sl Y
27.97%. CBF {1 A JEAT b B i A ARRHAT S
fry A Y.

Table 5. Life-cycle energy and GHG intensity of CBF
% 5. CBF 24 S AL AsRMBHERGEE

A e R R E(MIIMY)

PLIK (2008) A3k (2020) 1455 (2008-2020)
RCE RSCE CPRIE @R R P 40 Hatt
CBM 3.91 2.61 3.26 2.35 1.96 2.15 111  33.90%
CBDME 2.93 2.67 2.80 2.79 2.18 2.49 0.32  11.28%
DCTL 2.61 2.13 2.37 2.13 1.96 2.04 0.33  13.72%
ICTL 2.93 2.66 2.80 2.79 2.26 2.52 0.27 9.80%
BieHE R E (g CO2e IMI)
IR (2008) Ak (2020) 3% (2008-2020)
AR ESCE AR @R mAE mRcE 40ME Hatt
CBM 325.16 217.01 271.08 195.38 162.93 179.15 91.93 33.91%
CBDME 244.04  221.92 232.98 232.46 180.96 206.71 26.28 11.28%
DCTL 216.77 177.44 197.11 177.44 162.70 170.07 27.04 13.72%
ICTL 243.81 221.69 232.75 232.22 187.65 209.94 22.81 9.80%
Table 6. Comparison for CBF energy use and GHG emission LCA results
5 6. BEREMELE 24 & FE B GEFE AR HERY b
SRR [27] [13] [28] [29] ABFFT CEHME  [30] [23] [27] AT CESED
&G 2005 2007 2007 2007 2008 2009 2010 2020 2020
A i JE HH REAE(MIIMY)
CBM 1.80-3.00 2.26 1.04 1.40-155 0.80-2.00 1.15
CBDME 1.80-3.60 1.35 1.14-1.40 1.80 118 1.60-1.70 0.95-2.10 1.49
DCTL 1.37 1.23 0.80-0.90 0.80-1.40 1.04
ICTL 1.80 141 1.70-1.80 1.00-2.40 1.52
A R B R BEBRHE(Q CO2e IMY)
CBM 210-359 176 201 158 180-210 120-240 109.15
CBDME 240-392 136 165 167 210-250 130-250 139.21
DCTL 123 86 120-155 90-120 95.87
ICTL 159 254 215-255 130-267 135.74
Table 7. CBF and gasoline/diesel LCA comparison (MJ/MJ) CBDME 1405.99%  0.69% 24.13%
3 7. CBF 5424 o FERRERE X L 2 4T (MI/IMI) DCTL 1191.37%  0.28% 20.06%
i RIS, i ICTL 1407.00%  0.28% 23.65%
s 0.18 0.03 112 R .
CBMILIR 1) 2.95 0.00 0.31 4.4 CCS HA L B RN
CBDME(HLART-14) 2,53 0.00 0.27 S SCRR[A2) A1 [B2D W 5 R, RBP4
DCTL(HLRT-14) 2.14 0.00 0.22 (K CO, NN CCS iR, HAR T v Sy kE
ICTLELRTS) 253 000 0.26 (W JEAE AL B 1 WG CO, 7 AN FEHL ) 80~160
FATF ORI oy e KWh), BHIE T SRRECR, (Hi/> CO, IFEI.
CBM 1636.49%  0.69% 27.97%
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A ST BRI SR EETS A 2.1 MIIMI i, i
HE O3 W) 4 2544 100 g CO, o/ MJ.o IR 1117 L AR W T CCS
A LI ZR BEREA T N, ANk 2 F1 CBM.CBDME
RUICTL M LZ M REREMLT, HIfie 5 R CCS IHixAH
Ebuik /> GHG HERLZ) 50%. MifiiE CBF %4k, CCS
F AT SEIE ARG 75 A A i F B, —-

5 R4t

(1) CBM. CBDME. DCTL Al ICTL #£ki44:
i A SAG AT REFE AN IR B 0K, S AR e 4
ARG Ll b,

(2) D7 CBF B &0 b A ARAA K Rk e P
e, HIEIIBK:

(3) CBF & AT A5 r [ “ LUAREA 1™ 1) B U5t SR s «

(4) £ CBF 4k, CCS Hi ARSI AR B A
A &k F B
o

AT H i E KA s R e E R H
(09&ZD029), #F 5 N LA 2 Bl 27 H SR 50 24 Hb 10
H (20093JD790029), b 5t i B2 ok} 22 18 3 % Bl
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