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Abstract: Targeting on the different gas utilization fields promulgated in the “Natural Gas Utilization Policy” by
National Development and Reform Commission of China, this paper measured the emission reduction effects of
replacing current fuels with equivalent calorific value of natural gas, and based on these measurements, re-ranked the
priority of different gas utilization fields. The results show that: the air pollution abatement effects of natural gas
heating ranks at the top level among all different utilization fields. This paper also calculated the scale of air pollutant
abatement effect by replacing coal with natural gas for central heating in 15major heating cities of China in 2010, and
proved that significant emission reduction effects on CO, (21.91 million tons), particulate material (7.34 million tons),
SO, (402.1 thousand tons) and NOx (225.6 thousand tons) can be achieved by converting fuel from coal to natural gas
in central heating in cities of China.
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Table 1 Emission factors of pollutants with current fuel in different utilization fields

TR H 4k RER SR H SRR IR My SO,  NO, Cco CO, ki

e RN A AT IR WAL A kg/t  208* 451 8.73  3166.29 0.07

R RE I R SRS kgt  16S*  3.62 2270  2026.40 5.68

CNG VAEBARVRIM 4 (H =) ¥ gkm  0.01 0.15 2.30 325.00 0.02

ONG Vit CNG R R4 (H =) S ith gkm  0.10 050  0.64 238.20 0.08

CNG R 4=(H PO VA g/km  0.01 0.08 1.00 322.30 0.02

CNG SRR L A== PT) S ghkm 010 025 0.50 238.20 0.08
53 A1 ARG I3 A 3 REIR AR IR A T (i PRI kg/t 16S*  9.08 136 202640  286.20
RARSAR T LRR RAR I TR AR AL (b ng JRIHE kg/t 168*  9.08 136 202640  286.20
RAIRF Y BCRBR o 1 AR AR AR T iR JRIHE kg/t 168*  9.08 136 202640  286.20
RARAR RARFR AR v, JRIE kg/t  16S* 827 023 202640  238.50

T S* RN TR R AT AU BB R IR WA A U AR 20 R ARIE AR AEGB11174-1997 GRALAIMA) USHAL A R B2
EAKF343mg/m’ T EEIRAHRA A I BB R 0.014% AR K £ 5% B AL FR IR TR IS IRFE AR A0 £ B, FLUR S0 B DA = A X

AT S X P A B A 196 U 338 £
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Table 2 Emission factors of pollutants with natural gas in different utilization fields
TR F sk Aed AR H AL SO, NO, Cco CO, R
e FAR A R kg/10°m® 28* 10000 2755 2184029 121.8
KRR RE A kg/10°m’ 28* 10000 2755 2184029 121.8
CNG HEB A (H =) g/km 0.02 0.37 198.50 0
e CNG ARG 4 (H =) g/km 0.02 0.37 198.50 0
CNG "% . .
CNG AR (= ) g/km 0.02 0.37 198.50 0
CNG VARG 4= (= PO g/km 0.02 0.37 198.50 0
ikt S0 2 RS VR AR 4 rh AL kg/10°m’ 630 3400.46 6.30 2184029 286.2
RSHETERE R PR BAE  flnE kg/10°m’ 630 545.04 6.30 2184029 286.2
RIRFNHCRIE 50 ) SR BEE BURAE v flLRE kg/10°m’ 630 1843.24 6.30 2184029 302
RAR TR HL RER TR AR AR R e kg/10°m’ 630 2455 0 2184029 238.5
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Table 3 Heating values of different forms of energy

et AT
JR (kI /kg) 20908
WAL (K kg) 50179
Yimi(kJ/kg) 43070
SE(kI/kg) 42652
i HIRAR S (k)/m?®) 38931
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Table 4  Emission reduction factors of air pollutants from fuel replacement of per million calories heating value of
natural gas (kg/10%kcal)
KRS AR REJE R ARIIH SO, NO, Cco CO, WUREP) (PM)
A FARZBRWAAT AR 0.03 —0.18: 1.44 396.03 0

KRR TR E AR IRF 3.18 -0.35 4.24 170.69 1.12
CNG AEZFRAMA(E =) 0.01 0.13 1.91 124.97 0.02
ONG Vit CNG ﬁi%ﬁ:%@’ﬂﬁl:‘) 0.12 0.57 0.38 82.26 0.09
CNG AR Z=(H ) 0.01 0.06 0.62 122.29 0.02
CNG ARG 4= (= PO) 0.12 0.27 0.22 82.26 0.09
PN oA BV AR AR T I 3.13 1.45 0.27 170.69 57.21
FARAUE T fitng KR R AR T A 3.13 1.76 0.27 170.69 57.21
TSR R R a3 2 R AR T A 3.13 1.62 0.27 170.69 57.21
RIKRHE RO TUR AR R 3.13 1.39 0.05 170.69 47.67
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Table 5  Ranks of different natural gas utilization fields by effectiveness of air pollutant reductions
e A o . FrE Ak skl 5 5 S v

FATURIHR RO SO, NO,  CO__ CO, mmMeM) fHER  Hp¥
A RN AT R -0.96 -1.06 0.36 2.59 -0.78 0.16 6
KRR TEREK IR E 0.97 -1.27 2.52 0.05 -0.74 1.53 5
CNG AEZFREMA(E =) -0.98 -0.68 0.73 -0.46 -0.78 -2.17 7
— CNG ﬁi%ﬁ%%ﬂii(m:) -0.91 -0.13 -0.45 -0.95 -0.78 -3.22 8
CNG AR () -0.98 -0.76 -0.27 -0.49 -0.78 -3.28 9
CNG ARG 4= (1 ) -0.91 -0.50 -0.58 -0.95 -0.78 -3.71 10
PRI o3 A AR YA R T ki 0.94 0.97 -0.54 0.05 1.24 2.67 3
R TETEE KRR TEE AR E A rh kg 0.94 1.35 -0.54 0.05 1.24 3.05 1
TR HCRIE 5 P SURACHERE PR AR T 0.94 1.18 -0.54 0.05 1.24 2.88 2
R RN TR R L 0.94 0.90 -0.71 0.05 0.90 2.08 4
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Table 6 Energy consumption of buildings for central

heating in 15 major cities in 2010

R 2.571K R fﬁﬁfﬁﬁ ) e
AL O UREREE Eibrkg SRR HLIGERE
o AR . 4 2 p
7] ) W@ AR (x10%m®) (x10%kcal)

(W/m”) N

/m”)
dbxt 20.6 120 8.90 46715 29424201
K& 21.7 167 13.19 12166 11234004
W IRV 21.9 182 14.51 13058 13261278
MERIEERE 213 172 13.34 6469 6038722
br 20.2 120 8.82 6283 3880606
22 20.8 151 11.43 4212 3370445
el 21.2 151 11.65 22500 18352498
AR 20.3 120 8.87 8031 4984789
KR 20.8 151 11.43 7483 5988470
Kt 20.5 120 8.95 24034 15064719
BEAF 218 182 14.44 8723 8818478
[lii:3 20.2 120 8.82 5994 3701800
[iiilen 20.9 182 13.85 34 33050
R 21.0 152 11.62 3452 2807833
HEM 20.0 120 8.74 2261 1382403
TE A HAERE = g AR AE R < LTI A< 10 *E JTkeal FRELE

HH 9 7000kcal/kg

MO E T R GRS (2011) A F
2010 43X 15 /N AR Ik 117 1) AL i A4, 3fe LA
Ik T B A7 A R TR R Y AR B, 15 B 55 3k i )
HBABLRRERE(E 6).

I AR 6 I 2010 A AR A4
MAEFENR 4 PRI LR 5
Bl Gk HE REGHEIX 15 AN AVBERE I T
2010 AN SHEH RAR S ARMEAR rh iz vy LASR
FFI RS R (R 7).

MFE T BT LAE AR TR E 15 AN ek i
H1,2010 AR SR FH RSR ORI B4 h (i g,
LA LA CO, HERE: 2190.71 J7 t BRI ZI(PM)
HEfa 734.24 J5 tv SO, HEJsR 40.21 J7 t NO,
Hesom: 22.56 1t CO R 3.49 J7 ¢, 38 B3 T
R KRR AR RN COLy MR

(PM). SO, Fll NO, #4545 B {2 I 98 HE SR A IX
15 AN JRHEBCRHELE R 5 A7 3 Tk e
Jents RBH. K. W RIERTKAR, A B
S OB SN DN REE 35 2 E S ST E =
P, A0 5T 2010 AR W R AR SRS
L HERE,CO, I HE L T IA R 502.24 5 tJ0kiY)
(PM) R T IA 5] 168.33 J7 1,80, Yl HE & 7l ik £
9.22 J7 t,NO, JskH &Rl i& 5.17 J7 t,CO JfF & nT
5 8000t.3X HL 77 BRI 42,2010 b i
BN 10.01 42 m® RS FRAIRME S P LR,
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— KA G
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Table 7 Air pollutant reductions from replacement of coal

with natural gas for central heating in 15 major cities in

2010 (10* tons)
Eaft SO NOJ  COwk  COik  ThRiM(PM)
BRI HER Hes Hi s Hes IR
Jbnt 9.22 5.17 0.80 502.24 168.33
K& 3.52 1.97 0.30 191.75 64.27
MR 415 2.33 0.36 226.36 75.87
FERIEEE  1.89 1.06 0.16 103.08 34.55
il 1.22 0.68 0.11 66.24 22.20
220 1.06 0.59 0.09 57.53 19.28
TLrH 5.75 3.23 0.50 313.26 104.99
AR 1.56 0.88 0.14 85.09 28.52
N/ 1.88 1.05 0.16 102.22 34.26
Kid 4.72 2.65 0.41 257.14 86.18
LEAKRF 276 1.55 0.24 150.52 50.45
[lii3 1.16 0.65 0.10 63.19 21.18
[l 0.01 0.01 0.00 0.56 0.19
=l 0.88 0.49 0.08 47.93 16.06
S 0.43 0.24 0.04 23.60 7.91
it 40.21 22.56 3.49  2190.71 734.24

ARSTAORE Sf T R P R AR AR B v 1
I ) K05 AR BRI AT T 3 I AT % 5%
PRI 22355 AT AT VE Ak s AR Ja SR 58, H]
DS BRI VAN il o MV Y RS PN R S
IR A 0 At R K 2 EA T I B, 4 B R AR
AR R T AL 04T P8 40 14 9 P - 24 i 20, 2%
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