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A Comparative Analysis of Life-cycle Greenhouse Gas Emission between
Lignite-based Synthetic Natural Gas Production and Power Generation
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Abstract: China has relatively abundant lignite, which is mainly distributed in eastern Inner Mongolia, Yunnan
Province and Heilongjiang Province. Traditionally, the thermal power generation is the predominant way to use
lignite; nevertheless, it is also the way with low energy utilization rate and high pollution. In addition to power
generation, new technologies dealing with lignite have matured. Lignite-based synthetic natural gas production
and power generation with lignite upgrading technology are of representativeness. Based on Life Cycle
Assessment, this paper compared the Greenhouse Gas (GHG) emissions of 1GJ output of effective energy
between lignite-based Synthetic Natural Gas (SNG) production and power generation with lignite upgrading
technology under the condition of the same energy efficiency of end use. They are respectively 158.173/e kg/GJ,
480.68/e kg/GJ (e as the energy efficiency of end use). Obviously, the life cycle GHG emission of lignite-based
SNG production is significantly less than that of the upgraded lignite-power generation.
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REEZ(EAEE R, REBFEAEF-BRERER
R THER, (B HRE —dEA, 2015),

LHT, @BRAERER S RHT B C 2R &
EXEMES, 20164F 4 A 22 H, 175 MEFMS:
AXFEETRESLAE (BRBE) , K5k
RSB FEEERE 2CHERZN, PEK
THE] 2030 S B4R Py AR 7 RME CO, HERIEE 2005 4E
TR 60%% 65%, CO, HEBGABI BB IS BUL R
Mo HRXEZME, EEEESRAEHEEE A,
[, 3 B P AR X oy 4 AR AERUE B AR B 2
B MR E] RS, 2010; ZEBREISE, 2010;
PrFBEF Em M, 2017), B, Rt Fl A
P R T R e b A 2 Z AR Y 1) R

HAl, REBENARAFRXTEQELE. &
BB RIAGRS) . WAL FIRS%E. HY, HEEY
FIRFXBRRE LB, A HBEERN 90%(58E
fit, 2015). #HEHI SRR S & B N B R
BRI IER AR AT T 24 6 s
PSS RS & B IR E SR EEBUKE, ik
HER ) £A B XS PR A8 B A R 5 AT .

1 BRI

MRBTFEERM, BETHREARS KENARE,
T KR E AR EFE, 2> CO, HE (B L5,
2011), MAAE. BSHEEBYATEH CO, Hemk
#— L BEAR, 3 H A R T ok il & fE A,
2014),

S A B I (Life Cycle Assessment, fd]
Fr LCA)ZEFr EEE AR — MR EET A,
ETRT 1969 483 [ v Py ER 5% B &2 W] [ A] AR &4,
IR 2 28 MR A BERIE B F Y B A Y &1
BATHNRES &AM, B2ENh/ERn. T2
PRI SR A6 i A BA R G W 38 1 47 Y SE R S A,
BAEmEARGREEARNERR . mT, £/, &
W, OHE. . RS RYES R RL
R FEEHMEMM, 1998), BRSIRZXT
R R W e o B G i
Jaramillo £ (2007) W5 T EEM R ERRK ., #0O
WAL K IR (Liquefied Natural Gas, faifR LNG).
il <(Coal to Synthetic Natural Gas, fij# C-SNG)7E
BB ARKTT & A 75 Y SAREEUKSE, A bin
HR B G TR SRR AR KAk S H AR
(Carbon Capture and Storage, #&#% CCS)Hf, C-SNG
FE#E R LNG EABHFAH . Ding 1 Han(2013)7E
GREET #EIHAIA C-SNG KA smfl| Fifeidh, Xt
AT HE C-SNG 5HAMBRIRAZE. £,
RIRET . IRES A5 E M RE B E S K

(Greenhouse Gas, i #f GHG)H i, £ R E &R
C-SNG FA 2 H 75 BRI HR A IEF 4% Yang I
Jackson(2013)IA M R iZ 28 11 B ST H o Li %(2016)
AR C-SNG 5B =87 BRI HE SR &L, AT LA
R E L

F B 5% HR 35 20 DB HE 5 A B X 48 O Y
I 7 AT HRIT . AR SGENE 24 A TN L
B4 H R (Lignite to Synthetic Natural Gas, f&]
PR L-SNG)., #E A& B R ESEEBUEN, FF
HREWEHEE A BKFRY GHG HEH#EAT L,
T HE T £ BE A5 AR R A i et O =K

2 BEARRM A A GHG HEBURBL I8

2.1 £ GRABFNLCABRHBE

H T AR A& B Atk AR SCE IR
REVR M BE AL AR, BIBRBRAIE R 1 G, BEL N
APPSR EBFERT | GIEUER, %
JEFEARSBLT, AR SET SH R
# GHG F= &, SR/GHNE S GHG Hil e &, 4
PRI S5 & L 7 AR B9 GHG 41 CO,.CH, 2 NLO,
FeMIE N Co, B,

M RS AE BEaEE. FL4EmHEBEm
PR G B B (8 184, 2013), BTk, |-
B 7% S B Rb M 19 A G R R HE SR AE L B 2 b B
IR, AR S A9 L-SNG Kl R 2 E
BELN, MR RE FAY GHG HEBOUE A, &
I BAGEBEIEEM IR, @MERE. | FH
B BB )R 2Rk i JE B (AR A T
T.. BLiEH . BRER)M GHG HFEIATFITA
(f$F4L, 2010; Ding and Han, 2013), XF T4 A4 Ay
JARA, L-SNG 1B REH RaE: B R, &
VR . 4B . L-SNG T T . L-SNG &if
B, L-SNG ff /], B8R ELB TN REMNAR
B WETFR. BEE. Bk . RBTR
AL Bk . B D,

2.2 L-SNG £4£ e R &Y GHG HEHt

A SCHE LA LA N 3R ol 26 AR T 40 {2
FRESL K L-SNG Sk i — &b R T8I H A
W sefl, WAARFKA CCS, P-4l GHG &3
Hez,

2.2.1 L-SNG i B

MR ET R, 1 km® L-SNG ZeMIET 4
35.01GJ &, B TAEREITE P RANZIKA
PE, BXRARMERES S PEMEEAR
3.7G)/ km’ (BiTHE, 2006), 151 L-SNG AR HE
43131 GJ/ km’, HRYE L-SHG M4 (FE 1), 711§
1 m® L-SNG T 2&MBEF=4 1.91 kg COyo HHIRAR
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Fig. 1 Scope of life-cycle analysis of lignite utilization
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Table 1 Natural gas composition of the L-SNG project
A CO, Ny H, CO CH, SEBR H,O
EE v% 0.201 0.69 1.52 0.002 97.268 <20%107° M F

WA BB X FENRIBEPEE . R
IEMRARRIRES, R EiEE R, 478
VBRSNS RE R AL ROR AT A 96%, BB
85%~95%, MAAEFER R 53%~68%, KARKIKE
HIBERRAR, H 15%~33%(H i, 2011; 2545,
2013; #2EF4E, 2014; EFEME, 2015, AEER,
2016). A1 B E BB 1 S E S 510 96% . 15%.
WA, RASKETATRA, BREERRK—EH X
RR—KB—RER AR, EREH THIK
Ak, WIRE R ULRBRL LR 21t — R AL B 15
WEAR, BHAZEEGRRSHTEZBREL.
2.2.2 L-SNG BEiEH

EHEBHIIHREKN GHG Hi 8k B THE
HFE. RARE BRSO 0 B REFE A 20k
Feo HIHEFERIEEAILARER . MBI IHREUR
B P 1 2R S A AR ARk o AR R e A U RERE
HEEREEHERASIKS . MEEHS SN
BHEHRENBEES, 2007), L-SNG FiHEIEH T EEFE
ERZEENEERMNFETRENE, B
0.556 8 MJ/(10° m® « km) (f7FHiji, 2010), X B gL
FEITE IZFN L-SNG JEFERE, H5I80 GHG ik
RIET B> L-SNG AEF= R l#E . 2B EiEE
HAEREREIER R 0.018 m® L-SNG/(10° m® + km),
L-SNG Wiz EE L PSR 786 km it. HRIEHE
PR M8 B4R L-SNG B CO, BYHERUEIE X
2.91 kg/m’; CH, BIHERTEE 7 0.000 229 kg/m®; N,O
FIHERL A 0, L-SNG 5248k HE i B4R
1.91 kg/m® CO,. BIELL L IR, BRITYFER L-SNG
B CO, HEL R T 4.82 kg/ m®, CH, HEH TH
0.000 229 kg/m’®
2.2.3 L-SNG 4=

W KR B {5 D5 R K 3h 7 IR LA A
HHMS218 F . ELBRER S, WEFFRE R
B A, HBEBRF - REE THEH S Wit
7o Q8RR SR A B 2 PRAEIE N R S AL £ AR s g
HEEa BB AR CO, HERBEHE A 2.91 kg/m®; CH,

AIHEEE N 0.000 229 kg/m®; N,O HHER LA K
O([a} E30),
224 BEREH

BRI LT RIAEFEJRE) R 5.07 kg/m*GRDF
W), WHCET R TR AW, LRSS
U7 AT R R B . BRI B AR =S AR R
K B Tz b T EBEMA B R T A 583 ) A B HERL .
mTHEESIOE, EREEBRE, GHG HnZ
WA, Hisi R R —E R IR AR, ik
B 1% EEEE, 2010),
225 BEFR

B ST BT R A Bk B B bR A
I, 8RR RME S — R —f e gk
whi— W X EY L E S TR T L, FIB g —
TEIFRLZ, RETEF GHG B TERIE W
W KEy . WEL. B DR E . B RS,
TRIM I THFET R FOBREE, BRI T HE2h R R Ak 2%
R RBIHRESE, BRET R DEHME
FREAREL, BRED 2 QSR B
AU R R, 7 )62 5 R A BRI o 1% R i
HHCO, Y EHEAEH 10.69 kg/t(BKIRTS, 2013),

BEAb, JFR 1t BRSP4 0.01 ¢ R A BRIR
R(BIEE, 2010),
2.3 BEBREZBESEGEANRIRY GHG HiM

AR R B AN SR AR R s ) = T
BRIt WELRTEHAERR, B ARA
CCS, Fi=HH GHG £iBHEzs
23.1 ZKigFPAIEE A BB A%

RAMES AR TEAITE . M. mg
. DL B4 . B HBBE I BEURIE 5 99%,
B AN 86%~90%, HMHLEBITHE N
85%~95%, HLENZERE R 59%~66%.(HHKIE, 2015;
FEFHMEE, 2015; Fueleconomy, 2016),, A] ¥ BEAL S
A SROMES RN 99%. 59%, —IAN, HLESTE
FER LB P AL GHG. SEHHHH GHG HE
FERE TEER AR BFE, BB
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Table 2 Required data in the calculation

FrEsks Al BAEH AR
LA AR 0.0003 018 9 tce/kWh FRBEIEEE, 2011
WEREE iR 0.000 286 2 tce/kWh B4, 2011
LEBEMEE Co HinE 540 77 t/a RIS, 2011
WERFES MR Co, HiE 518 7 t/a BT 2011
LEEEHEE NOx HECE 5742 t/a R IEAE, 2011
R F e NOyHER & 5120.5 t/a SRIBE3E 4, 2011
EEREEBIAEMEERE) 234.04 77 t/a FRIEETEAE, 2011
HHR TR BILHERIE R (R 2232 5 t/a B 2011
SRR R T R HUA B O BT AR LY NOx R, NLO i i 1% HEE, 2010
WEEA SRS Z RN RERITE R 0.4023 A AR AL R PE SARMEAC L & E B B TS

(2 BB IR B I R FE T IR 4 A RS iy
EHREFETRE, BEEREES E RS
BE%, 1% 786 km, HFFEER:

& =0.0000308L +0.015

K L A@HEECEAN: km)GEBE, 2013),
W B FER R 3.92%,
232 RHEITE-BREE

BT E-mERd RS, FENRERETE
& CO, Fi &1 N,O, EiBEEE L E GHG HE -

CO, HERL:

540x107/(2340400/(0.00030189/0.4023)) kg/kWh
=1.73 kg/kWh;

N,O HE:
5742x10°<0.01/(2340400/(0.00030189/0.4023)) kg/kWh
=1.84x10"° kg/kWh
XTREEE R, RALEEE s 1,
SEEBER BRI RGN REE TR TN
BT TR, KHEIER 2x 600 MW BB A HL
. BTESRERY, RR] ARAZSREN
W, WG, TREEEER] N, BE
HETRIREP =4 GHG Hi T ERAFTRS
R RETHAE, MR MRS T X—3F
gro WWRAIFRUR AL — B ™ AR GHG HE
A
CO, ik
518x107/(2 232 000/(0.000 286 2/0.402 3)) kg/kWh
=1.65 kg/kWh;
N,O HEfiK:
5 120.5x10°<0.01/(2 232 000/0.000 286 2/0.402 3)) kg/kWh
=1.63x10°kg/kWh
DL Bt R AR BdE Wk 2.
233 HBHEEHMRITR
REIERGIO B, 8P4l GHG it
H0. RIRHMER] RAFHEXETEHE, BT
HAFRTZ5ENMBERFAR T ZEEL, mtJR
O T E AR S EHE R E B 10.69 kg/t, ILAL, %
WM A BE S 11.79~13.08 MJ/kg, M BIRIE & &

At AR EL AT TR 2k A B (4F #%, 2005; 3BER T4,
2011)
24 AEEEFBER GHG HERTEL
SRR 1 (Global Warming Potential, f&FK
GWP) & W5 7= A= 13 2 5N ) — T8 B, A% il
BRESKEITEN CO, AR, WHBESUAE 100
EHEZR N MR GWP {H(Wikipedia, 2016), W% 3
FiR o
M4 SR 4T L-SNG 24 4 & GHG HEfR
N=W SR

GHG = iiN,.E.jGij +C,F,

i=1 j=l

Hb, N ERET | Gl AMRERMERRR
M. sk, 2 =SB P &R L-SNG &,
FyRnTess i B 5 j iR E A HEEE T, %
AR ST T O kR . GWP, h j B E S RE
GWP {H, C, #R47" | G ARBER T TR0
W&, F, X8 CO, YRHMH . AR T
AIXWRRFMFER. SRAKIERUER e
A7 1 Gl BB FEF AN RRSIN:

11

—X
e

B 3190 03 ot BB T A T G A 85 1

€
# L-SNG K &);
BRI KRN

3194 0.018x786/1000 m’,

1><1000 m’,

e
B 0.452 m?;
e

#3 BABESREMTIEGCWPE
Table 3 Preset GWP Value on Part of the Greenhouse Gases

BESE GWP {#
CO;, 1
CH,4 34
N;0 298
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