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Synergistic Emission Reduction of Chief Air Pollutants and Greenhouse Gases

Based on Scenario Simulations of Energy Consumptions in Beijing

XIE Yuan-bo, LI Wei
(State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract; It is one of the common targets and important tasks for energy management and environmental control of Beijing to improve
urban air quality while reducing the emissions of greenhouse gases (GHG). Here, based on the interim and long term developmental
planning and energy structure of the city, three energy consumption scenarios in low, moderate and high restrictions were designed by
taking the potential energy saving policies and environmental targets into account. The long-range energy alternatives planning ( LEAP)
model was employed to predict and evaluate reduction effects of the chief air pollutants and GHG during 2010 to 2020 under the three
given scenarios. The results showed that if urban energy consumption system was optimized or adjusted by exercising energy saving and
emission reduction and pollution control measures, the predicted energy uses will be reduced by 10 to 30 million tons of coal
equivalents by 2020. Under the two energy scenarios with moderate and high restrictions, the anticipated emissions of SO,, NO_,
PM,,, PM, ;, VOC and GHG will be respectively reduced to 71 to 100.2, 159.2 to 218.7, 89.8 to 133.8, 51.4 t0 96.0, 56.4 to
74.8 and 148 200 to 164 700 thousand tons. Correspondingly, when compared with the low-restriction scenario, the reducing rate will
be 53% to 67% , 50% to 64% , 33% to 55% , 25% to 60% , 41% to 55% and 26% to 34% respectively. Furthermore, based on
a study of synergistic emission reduction of the air pollutants and GHG, it was proposed that the adjustment and control of energy
consumptions shall be intensively developed in the three sectors of industry, transportation and services. In this way the synergistic
reduction of the emissions of chief air pollutants and GHG will be achieved; meanwhile the pressures of energy demands may be
deliberately relieved.

Key words : energy consumption; synergistic emission reduction; scenario simulation; air pollutants; greenhouse gases (GHG)
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Table 1 ~ Main socio-economic indicators employed for setting scenarios

| Eistn 2010 4F 2015 4E 2020 4F
INEVIDN 1961. 00 2 050. 00 2 141. 00

FREMRE/ TT 668. 00 740. 00 800. 00

Wi/ % 77.31 83. 00 90. 00

MAE GDP/ AL 1. 40 2. 00 2.80

AEY GDP B K3/ % 8. 00 8. 00 8.00

=T INME & GDP L& Hi—rlk % 0.90 1.00 1.00
%= % 24.10 21.00 19. 00

%=/ % 75. 00 78. 00 80. 00

Ak Tk % 2.30 1. 80 1.10

b2 J5oRH 1l % 3.00 2.90 2.70

LBV Pl % 2.40 1.70 1.30

BB BRI Tk % 3.00 2. 60 2.00

FEAT I IE S Tk 3 g e 23 32 i 1 A% 1l ol % 14. 00 15. 00 15. 80
L Al I % 17.00 20. 00 23.00

Ay O A R R % 16. 50 19. 00 21.00

Hph/ % 41.80 37.00 33.10

LB B0 A i/ T 480. 90 550. 00 600. 00

T HER b, HCHE X BE PR 9% A T QR R Y
TREMPA R ZEOR (MR 2) , 20l & 3 b FL 5

IR 1 R AELEAE T 2010 4R RESLHE K P HY
RL AT 5 5 2 2T WIHIAY 2015 4F 19 fE
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Table 2 Relevant energy saving policies and environmental targets for setting the three scenarios
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Table 3 Reduction characteristics of energy intensity and emissions of air pollutants and GHG under the three given scenarios for Beijing

et 2010 ~2020 4

PR i W2 W3
AR GDP REFEIEMR R/ % -3.10 -3.40 -3.50
A3 S0, HEROHIIEER % -1.91 -2.68 -3.00
AEF) NO, HERHNIEE % -2.46 -3.00
TLAES PALT GDP CO, HEBUHIIE R/ % -18.00 -20.00
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Table 4  Emission factors of main air pollutants from energy uses in industrial and service sectors including power generation

AR 50, NOx voc PM,, PM, 5 LA
KITRH
IR 8. 46 6.58 0.03 0. 87 0.62 g-kg!
il 2.24 5.84 0. 09 0.31 0.31 g-kg ™!
PN 0 1.47 0.29 0.24 0. 17 g'm™?
Tl gk
IR 10 ~15.38 4.00 0.03 1.61 0.74 g-kg!
£ 19. 00 4.80 0.03 0.29 0.14 g-kg ™!
R 1.60 16.7 0.09 0.25 0.13 g-kg™!
S 2.24 9.62 0.09 0.31 0.31 g-kg !
R 2.24 5.84 0. 09 0.31 0.31 g-kg!
Jih 2.75 5.09 0. 09 1.6 0.06 g-kg !
oAb b 2.24 7.46 0. 09 0.31 0.31 g-kg!
RIKR 0.18 1.76 0.29 0.24 0.17 gom~?
LPG 0.18 2.10 0.19 0.22 0.15 g-kg™!
WS 0. 08 0. 80 0.24 0.24 0.17 gom 3
ik 55l
IR 8.62 1.88 0.03 1.62 0.77 g-kg!
LPG 0.18 2.10 0. 09 0.22 0.15 g-kg™!
PN 0. 18 1.76 0. 09 0.24 0.1 g'm™?
R 0. 08 0. 80 0. 09 0.24 0.17 gom >
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Table 5 Predicted emissions of the chief air pollutants and GHG under the three scenarios

. . T 5t 1 T2 153
T 7 FHRETRI]
2010 4E 2015 4E 2020 4E 2010 4E 2015 4E 2020 4E 2010 4E 2015 4E 2020 4E
KRE 0.15 0.19 0.24 0.15 0.17 0.20 0.15 0.16 0.19
gl 0.01 0.02 0.03 0.01 0.02 0.03 0.01 0.02 0.03
GHG/{¢ t ;&34 0.15 0.35 0.52 0.15 0.32 0.33 0.15 0.24 0.33
Tolk 0.30 0.44 0. 68 0. 30 0.42 0.48 0. 30 0.36 0.39
22l 0.42 0.57 0.76 0.42 0.56 0. 61 0.42 0.47 0.54
/N 1.03 1.57 2.23 1.03 1.49 1.65 1.03 1.25 1.48
KRE 1.76 1. 66 1.57 1.76 0.94 0.72 1.76 0. 60 0.46
gl 0.27 0.38 0.53 0.27 0.38 0.53 0.27 0.25 0.35
S0,/ 77 t JIR 553l 2.19 3.22 4.73 2.19 2.17 2.42 2.19 1.33 1. 64
Tolk 4.58 7. 41 10. 89 4.58 3.96 4.52 4.58 3.68 3.6l
i 1. 64 2.41 3.54 1.64 1.63 1.83 1.64 1.41 1.04
/N 10. 44 15.09 21.27 10. 44 9.08 10. 02 10. 44 7.26 7.10
KRE 1.75 1.89 2.03 1.75 1. 60 1.56 1.75 1.36 1.48
gl 0.33 0.47 0. 65 0.33 0.47 0. 65 0.33 0.35 0.37
NO,/Ji IR 553l 1.62 2.39 3.51 1.62 2.17 2.95 1.62 1.84 2.18
Tolk 5.91 8.92 13. 11 5.91 6.73 8.45 5.91 6.58 5.81
22l 11.27 16. 32 24.33 11.27 8.34 8.25 11.27 7.06 6. 09
/N 20. 89 29.99 43.16 20. 89 19.31 21.87 20. 89 17.19 15.92
KRE 1.34 1.27 1.20 1.34 1.18 0. 61 1.34 1.16 0.98
gl 0.29 0.41 0.58 0.29 0.41 0.58 0.29 0.36 0.41
VOC/J7 t ;&34 1.36 2. 00 2.94 1.36 1.3 1.54 1.36 1.28 1.04
Talk 0.53 0. 80 1.17 0.53 0.71 1.03 0.53 0.49 0.45
G ] 3.12 4.58 6.73 3.12 3.23 3.72 3.12 2.97 2.76
/N 6. 64 9. 06 12.62 6. 64 6. 83 7.48 6. 64 6.26 5.64
KRE 4.52 4.27 4.03 4.52 2.51 2.20 4.52 2.40 1.88
gl 0.06 0.08 0.11 0.06 0.08 0.11 0. 06 0.08 0.11
PM,/J7t Gl 2.16 3.18 4.67 2.16 2.50 3.03 2.16 2.5 1.77
Tl 1.67 2.50 3.67 1.67 2.61 3.65 1.67 1.50 1.62
G ] 3.46 5.08 7.46 3.46 3.52 4.37 3.46 2.98 3.60
/N 11.87 15. 11 19.95 11.87 11.20 13.38 11.87 9.47 8.98
KIE 2.57 2.43 2.29 2.57 1. 60 1. 44 2.57 1.50 1.16
gl 0.03 0.04 0.06 0.03 0.04 0.06 0.03 0.04 0.06
PM, s/ it RS 1.09 1.6 2.36 1.09 1.45 2.06 1.09 1.01 0.85
Tolk 1.13 1.67 2.46 1.13 1.61 2.34 1.13 0.93 1.08
223 2.69 3.95 5.8 2.69 2.89 3.70 2.69 2.04 1.99
/N 7.51 9.70 12.97 7.51 7.58 9. 60 7.51 5.52 5.14
1) 3% AT TR T REVRIHFERY PM, o/ PM, o HEBCRE , H & SR U5 WA ARG T | 3 B4 2 DA R Tl Bt A5 i A9 S0k ) R A 3 7E Y
*6 BEEHBRMIHEBHERMESNER %
Table 6 Evaluations of contributions of the energy-use sectors to synergistic emission reductions of air pollutants and GHG/ %
o S0, NO, VOC PM,, PM, 5 GHG
I 2015 4F 2020 4F 2015 4F 2020 4F 2015 4F 2020 4F 2015 4F 2020 4 2015 4F 2020 4E 2015 4F 2020 4
FHE 12 ~ 14 8 3~4 2 4 11~23 45~33 28~20 39~22 25~14 9-25 7
gl 0~2 0~1 0~1 0~1 0 0 0 0 0 0 0 0
IR 55l 17 ~24  21~22 2~4 3-~5 31~26 27 12 25~26 7~14  9~19 34~63 25 ~33
Tolk 48~57 51~57 18~21 22~27 4~11 3~10 3~18 2~18 3~18 4~18 19 34 ~39

il 13 15~18 72~75 67~77 61~58 59~57 40~37 47-~35 50~46 62~49 38 26 ~29
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PM, ; i P[] ik HE 57 R B K, 8 2020 48 5Tl 43 i)
KFN 67% ~T7% . 59% ~57% M 47% ~35%/62%
~49% 5 &35 M ER DB ] 9adHF Y Tk 3 2 B A
SO, . PM,, 5 GHG I ZREEHRT 1% b ] pai-HF Y 57 fik
| =3 AE VOC 1 PM,/PM, (AT . MHILKE,
AMEFR T X5 P[] PR ) BT R ).
3.2 DEHER R BTk A

TE FRSAr il b, Sk — 2B PP 2 REIRTH
PRI T &R RIS 5 CHG WHER P RISCR
Fe IR E BRI YR (L) A% T GHG I
HEA O R R ALk, , AT

b, = (4)

K r 5o one 8RR @ R G 5 L #
GHG WiHE sk, HAR AT iy =X (3) 7H5 345, fHAS
UERAI R IR &, =1, RWAKETF L 5 GHG PRk
HERR R s A 0 <k, <1, WA T L Lk GHG
FIURHE AR s QnSR & > 1, MZRIAKF L L GHG 1Y
IR . SER L 7.

*7 FEAKBIIRKTLEFS GHG WthEBHERE S

Table 7 Estimations of synergistic reduction coefficients of the air

pollutants and GHG emitted from main energy-use sectors in Beijing

P i 5% 2 753

RS ARG 2015 4E 2020 4F 2015 4F 2020 4E

KIE 0.48 1.10 1.44 1.18

hsoyonc JIR 552l 0.47 0.63 0.70 0. 86

Tolk 2.30 1. 64 1.91 1.33

G} 1.04 0.59 0.41 0. 60

KL 0.11 0.32 0. 44 0.30

Fxoone JIR 553l 0.05 0.08 0.13 0.19

” Tk 0.82 0.63 0.73 0. 69

A& iE 5.98 2.92 2.32 2.28

KIE 0.16 1. 66 0.42 0.47

Fvotin JIR 552l 0. 84 0.83 0.75 1.07

Tolk 0.16 0.08 0.44 0.27

G} 5.17 2.37 1.84 1.94

FKIE 1. 80 4.04 3.54 2.94

- JIR 553l 0.33 0.76 0.35 1.04

Mo/ GHO Tl 0.09 0.01 0.71 0.48

A& iE 3.23 1.82 1.19 1.20

KIE 1.57 3.66 2.37 2.16

- JIR 552l 0.19 0.27 0.41 0.76

-2 Tolk 0.11 0.10 0.71 0. 46

G} 4.00 2.41 1.46 1. 66
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HEKT GHG Myl HERR . R 55k 36 17] & 2020 4F
Fvocsonc P ) T 1, 438 BB HE Up [] 5 (F7E 22 38 #5
I kvoeene KT 1, U VOC WdHEK T GHG (98 HE
K. PM,,/PM, 5 GHG PhRIEHE 7 1 , 2 2020 4F
S FBIIRURL P el HE AR B2 S K T GHG ik B
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it
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(1) 38 3 ] A0 St R Ak 19 RE DR . 4 R BB VR
AR AR IR I 2% 45 1) 55 BUR MG it , AT A 2%
FRASR AL e T A BRR I 2 S N R T Yo I
GHG HEL. AR 48 000, 76 Re U5 9% = 24 A1 o=
T, b5 2020 AEZnRREVR T 98 B 1] HL IR SR
FCIH/3 000 77 tee , AH I Ho AT HIE7 50097 t GHG HE
J, RIS 53 098 SO, . NO, . PM,,, PM, sl VOC
HE & 53% ~ 67% . 50% ~ 64% . 33% ~ 55% .
25% ~60% F140% ~55% .

(2) X B GDP REAEKF AT 44T 45
65T 2010 FREFEFREE N 0.5 tee. TETER 1 T,
2015 12020 4FK5 43 R 31 0. 46 tce F10. 47 tce; 7E
502 Mg 53 T, BEAESR I 2 2015 47 0] 43531 & 2]
0.45 tce 1 0. 44 tce, | 2020 4 7] &3 0. 43 tee
10.36 tee. P, 1 558 4k BB BRI = PR 2L
K, AR 10 AR b 5T 0 BB R T 2 0 R ] i —2p
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(3) it /M 4Tl B 7 GDP 1Y CO, HERCHE &
(t-HIC ) A IES], & 2015 4E, 7EE 5 1 TR
T5E0. 79 fKF  7Eds 52 F13 R 43 312 0. 65
F10.59; % 2020 4F, 7E1% 5t 2 A1 3 R I 43 1) % &)
0. 60 F10. 47, #2010 4F7K 43 BIREMR T 25% F
40% ,FEA 10T LSRR HE R BE T B 40% ~45%
R H bR

(4) Tolk . 3332 b S 55 b 2 b st T Ak
REVR Y P38 K A0 =B BTk AR 1], 3 BB T RE VR I 2%
R 80% DL L. PRSI A fbax 3 4N
REVRTH %% M2 B R 2T KI5 %5 GHG
(R RIRHE. Horb, 58 38 H6 1) 38 0 K e e AU 5C 1
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