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Research on Carbon Reduction Potential of Electric Vehicles for Low-Carbon

Transportation and Its Influencing Factors

SHI Xiao-qing, LI Xiao-nuo, YANG Jian-xin

(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China)

Abstract: Transportation is the key industry of urban energy consumption and carbon emissions. The transformation of conventional
gasoline vehicles to new energy vehicles is an important initiative to realize the goal of developing low-carbon city through energy saving
and emissions reduction, while electric vehicles (EV) will play an important role in this transition due to their advantage in energy
saving and lower carbon emissions. After reviewing the existing researches on energy saving and emissions reduction of electric
vehicles, this paper analyzed the factors affecting carbon emissions reduction. Combining with electric vehicles promotion program in
Beijing, the paper analyzed carbon emissions and reduction potential of electric vehicles in six scenarios using the optimized energy
consumption related carbon emissions model from the perspective of fuel life cycle. The scenarios included power energy structure, fuel
type (energy consumption per 100 km), car type (CO, emission factor of fuel), urban traffic conditions (speed), coal-power
technologies and battery type (weight, energy efficiency). The results showed that the optimized model was able to estimate carbon
emissions caused by fuel consumption more reasonably; electric vehicles had an obvious restrictive carbon reduction potential with the
fluctuation of 57% -81. 2% in the analysis of six influencing factors, while power energy structure and coal-power technologies play
decisive roles in life-cycle carbon emissions of electric vehicles with the reduction potential of 78.1% and 81.2% , respectively.
Finally, some optimized measures were proposed to reduce transport energy consumption and carbon emissions during electric vehicles
promotion including improving energy structure and coal technology, popularizing energy saving technologies and electric vehicles,
accelerating the battery R&D and so on. The research provides scientific basis and methods for the policy development for the transition
of new energy vehicles in low-carbon transport.

Key words: electric vehicle; carbon emission; life cycle; carbon reduction potential ; influencing factors
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Fig. 1 EU-27 GHG emissions by sector
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Table 3 Energy consumption structure and power generation structure in Beijing
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Table 4  Related parameter values of gasoline, gas and electric taxi
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Fig. 2 Carbon emission and reduction potential of different

power generation structures
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Table 5 Related parameter values of gasoline, gas and electric taxi
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1) M LPG 2= i R 0 f B , L SRR R B 3. 63 kg L") — SRR MBI , e Bk I [ % 4
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Fig. 3 Carbon emission and reduction potential of different fuel types
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WHEE T (3R 6., Bl 4).
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Table 6 Related parameter values of taxi and bus

Ay i} = S A N O 75k 2%
) g POTERECBAER G mmee o, sk R A
LPG HFH 4 50 6 8 8. 7L 3.63 kg-L~! — —
JbiR kil BJ6438EV1 50 6 8 21.6 kW-h 0.543 kg+ (kW+h) ~! 94 91
LPG A7 50 7.3 8 71 L 3.05 kg-L~! — —
18 HEK VBJ6123 HLBh A4 50 7.3 8 90 kW-h 0. 543 kg (kW+h) ! 94 91

1) ZE SR AR SECRIE TR BRI E ™ N LPG A= fr T Y A 2, A A R S A U — AL HE I B 8003 oK 3. 63kg- L1

3.05kg- L' oS HUE R IR R 2% 4

1.8
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Fig. 4 Carbon emission and reduction potential of different car types
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Fig. 5 Carbon emission and reduction potential of different velocities
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Table 7 Related parameter values of taxi in different velocities

" A fe#E o BRI FTREACR
4 90 Fr b CO ES
o B i 20 60 km-h ' : HERRE /% /%
TTIHEEER 1 35 0.34 Lekm™! 0.1 L-km~! 4.5 kg-L"! 95 —
JbiRaki BJ6438EV 1 35 0.6 (kW-h)+-km~'  0.216 (kW-h)-km~"  0.543 kg+(kW-h) ~! 94 91

By RGN 64% | T1% , 2 2 H A 45 A 6 T4k
R ZE DB HE SR B 1 71% $255 B 76.3% 5 F R
B 1E AR Y 3 5 RH R % 9 HE 5 R FR 74 % 2
78. 7% 5 Leadt & 1E BRI AR A A 1E A AR AU A B 3
20 km-h~", 60 km-h~" B [ 98 HE 25 8] 53 51 0k 2D
2.4% | 3% . WA 75 A FEAR, B TRZE AR TR
T ZEUCHE O Sl R B

YEFE, BRI 25 I Tsinghua-CA3E RIS 7 4%
R R B 4 4 A i JR BT ) REFE A GHG HERIGHEAT
T RSN ECER 48 ARV G 4R, A5 I
AR REWRHEL 3 &, Hop 5 16CC T2
I CCS HAREA 80% Mtk HER. AHFRFAEA AR
REFE . AR LR S S HA B G =T, R
RU(1) FHZR 8 BRI XT b 43 B A [R] AR H B AR A v [ 2

2.6 A[AREHLEA B R 1 B2 VRN I 2 A i 0 Bt I, PR R RV
XA SR B BRI RO RS (1 6).
®8 AREMBHIARBEEXSHE"

Table 8 Related parameter values of different fuel technology lines

B A iﬁ’fﬁﬁﬁ& ﬁﬂi:ﬁlﬁﬁ AR %kﬁgﬁ.i?%li(fﬁ) }EE/E{;}K g%ﬁ%ﬁzi
(i 6 8 10 L — — 95
[GILEN 6 8 21.6 kW+h 0.328 91 94
RIAGE 6 8 21.6 kW+h 0.37 91 94
BImALA 6 8 21.6 kW+h 0.295 91 94
i I FLEH 6 8 21.6 kW-h 0.291 91 94
IGCC HLA 6 8 21.6 kW-h 0. 261 91 94
IGCC + CCS LA 6 8 21.6 kW-h 0.21 91 94

1) P PRI ARG s IHL : DLERS L 9 B el AN DX P L SR U, B L 15 709% , /K HL 15 20% , BHL 15 5% , UL 2% , FLBZE R e
i 3% 5 JLIGS : SR G S AT HE L DRI 42 I g 5 B FULZE SR PRI S BRI BE ), DRIEEHT IS 2 el 05 DRI AL
ARG S HOR PSR, (R BOHTIE 415 1GCC HLAL: SR 1GCC FARMTAMEE ) AR IHTIE 42 I 1GCC + CCS HLAL R
IGCC + CCS BAFHME ), PREEHIH 4L J). IGCC (integrated gasification combined cycle, BTG IR IR A L R 50 ) BEA AT
AR LB A TR AR 45 A 10 Sk 8 )1 R, CCS(CO, capture and storage , BRAFHR K EHF ) AR X CO, #ATRHR AU FA. BRihm
P, B AR B B L RE R 5] A SCRR[ 45 ]
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Fig. 6 Carbon emission and reduction potential of different fuel technology lines
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173 AR S BB G 5T RIS (1) Fk 9
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Table 9  Related parameter values of different batteries

28 Ei 1750 B SR L AN HLAE COHE AR sz AE R
/kg /km /km /kW+h /kg- (KW +h) ! /% /(kW+h) +kg ™!
TR e vl i 15334 188 480 000 120 0.216 0. 543 91 0.125
i P4 L 9t 155 300 480 000 200 0.218 0. 543 80 0.114
AR L 1) 446 480 000 100 0.222 0. 543 82.5 0.04
I R BEAR TR L L F AR, BT FELBE Y CO, HE &R Bt i
60 ANFH B BRRE S50 2l f B VR B R B HE S
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g 40 el ool | URBIRAEHD | AR (ALY CO, HEH
= RH) VR (A HARAE) | ST SR AL (i
= B | e R A | A (R BEAD)
G2 NZRALEAVE R, 4 2 X4l i 373 42 1 il 24
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Fig. 7 Carbon emission and reduction potential of different batteries
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