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Health benefit evaluation of the promotion and use of new energy vehicles in China: 2019~2023. CHEN Mi', TANG Li-chen”",
ZENG Xian-gang”" (1.School of Interdisciplinary Studies, School of Population and Health, Renmin University of China, Beijing
100872, China; 2.School of Ecology & Environment, Renmin University of China, Beijing 100872, China). China Environmental
Science, 2025,45(10): 5858~5872

Abstract: This study evaluated the environmental pollutant reduction and health benefits of new energy vehicle (NEV) promotion in
China from 2019 to 2023 through a vehicle life cycle perspective. The emission factor method was employed to quantify pollutant
reduction effects, while exposure-response model was used to analyze health impacts from pollutant concentration changes. Health
benefits were monetized using the value of statistical life (VSL) method and disease cost method, with uncertainty assessment
through the Monte Carlo simulation. The results showed that: In terms of spatial environmental effects, the emission reduction effects
of new energy vehicles showed significant heterogeneity, and the emission reduction effects in coastal regions were better than that in
inland regions. In terms of time evolution, the emission reduction of CO,, NO,, VOCs and SO, increased year by year, though NEVs
emitted more PM, s than conventional vehicles. Regional disparities emerged with South Central China achieving maximum CO,
reduction versus minimal reductions in Northwest China, accompanied by significant inter-regional growth rate variations. East
China dominated in VOCs and NO, reduction, while Northeast China exhibited higher annual growth rates. SO, reduction displayed
polarization, with some regions experiencing emission increases. PM, s dynamics proved complex, showing emission growth in
certain regions. Vehicle-type analysis indicated NEV buses outperformed passenger vehicles in reducing PM, s, NO, and SO,, while
passenger vehicles demonstrated advantages in CO, and VOCs reduction. Health benefits analysis revealed NEV adoption
significantly reduced mortality and morbidity rates, with PM, 5 mitigation showing particular prominence, and health improvements
exhibited annual growth. Monetized health benefits demonstrated sustained growth, with SO,-related monetary value showing the
most significant increase (77.05%) during the study period, though PM, s contributed the largest absolute value. Regional disparities
emerged in monetary benefits, with coastal and central regions generating higher economic value compared to western regions.

Key words: new energy vehicles; environmental effects; health benefits; monetization
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Table 1 Emission factors in the upstream phase of vehicle

fuel cycle
20 CO, VOCs NO, SO, PM, s
(/L) 920 2.24 1.79 0.73 0.14
sEihi(g/L) 587 1.89 1.75 0.75 0.1

AL M [g/(kW-h)] 1318 0.106  0.895 0479 0236
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B LM [g/(kW-h)] 840 0.072 0590 0301  0.149
BT LM [g/(kW-h)] 505 0.044 0357  0.183 0.09
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PHAb 5 M [g/(kW-h)] 1196 0.095 0.807 0439 0217
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Table 2 Related parameter values of traditional fuel and new

energy vehicles
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Table 3 Vehicle fuel cycle operating phase emission factors
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Table 5 Exposure-response coefficients at the health effect
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Fig.1 Spatial distribution of CO, and mean emission reduction of air pollutants after replacing traditional fuel vehicles in equal quantities
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Fig.2 CO, and air pollutant emission reduction in six regions after replacing traditional fuel vehicles in equal quantities
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Table 6 CO, and air pollutant emission reduction after replacing traditional fuel passenger vehicles and buses in equal quantities

nationwide (t)
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Table 7 Health effect terminals of emission reduction of different pollutants and their monetization

A 25 NO, SO, PM, 5
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Table 8 Different health effect terminals and their monetization

W RGN LR

L H ) - — — — — BMERE R BHSHE R I iy
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Fig.3 Health effect terminals and their monetization in different regions
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Table 9 Uncertainty analysis
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Fig.4 Monte Carlo simulation of environmental effects of promoting the use of new energy vehicles
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Fig.5 Monte Carlo simulation of health benefits of promoting the use of new energy vehicles
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Fig.6 Monte Carlo simulation of terminal economic value of health effects of promoting the use of new energy vehicles
BEAB BRI BRI R AAL SR A P P A BB 2 i 2 5 (L

2.4 g

JRUE AR S MR 2 B H RORHE )R e YR VR R
(IR 58 000 R S 8 i AT T VP AN JFE— 20 1hig
BT REVR VR S I A B A S VR B, 8 T AR
SR T ARAT A AT L8 SR B A

— o KT RE IRV IR AT LA IR P e A I
TEHEBOE R T 2% 18 A U B R AR RV AR AR B AT Y
B HETBCAR SE B B REVR VG AE AR = B (%
P 56 ) « FELVB RIS PR DU R IR 57 Ak BB 1Y 45 4
S A TS e HE T A0 SR 2 X R (1 HE
JBE PT RE S m Al BT R VAR I I AR, U R AR S
A G R YR R AT X BE VP Ak ), 1T B 23 (3 9 3 2 1)
() PR 225 S e AN 5 BB IO AE VAl BT BE IR VR 44
JASE P i R 2850 2 B, T 3K e A TSR A
V5 G AT BT N AR e A S R PR e AT
5 S5O 2438 14 DPAik AN M R A T AR i, A AT
FERAE T B REIRV G 5 4 SR I v 2 I Rk JE 40,

2 PPN AE ORI Y G R ) A 85 20 0 At 2
i, AR A AR A S v 4 AKX S AEFE B N
VSRR JE SR ST b ik D 2 B IR [N 3%, DL SE
NS BT BEU A PR BN B i (1 PP A

TR R R IOV OG R R E Ve 2P
RS AE AT S ) 2 i — S AR A St o o A
SE B N RRREPB )N, B THZ 13T,
Ferp AR oy B AERH] T A NG A I T 2 0t
FUEE, B Sbr b i AR AL X AL 5 SRR
F G5 R S5 7 AT AE 2 0Bl AP AE T2 0 X 3
Mg B8 e P PR PRSP, A R SR OB Ao B
(ELHEAT S ARG A ) T .

ZRERTEH RE T Y 2 1) AT AR i
FEAIT 5 AR ey 3 5 A v 0 9 e 2 T A
HIREAT T HB> %552, 75 FEF1 SO, NO, S5 A5 4
Py A AL ) Ik PMy s, [ AR 1T
Qe 2 1) RT BEAT-AE 1B [ IS A S5 280V () 52 .



10 3 43

R T DR REVRY A A AL A D A:2019~2023 4

5871

T BN AE T, 05 Qe 2 e A A Y R Hx i Rk
N2 S (RIBIE L 0 47 A5 1 2 2 2R P RN 5 17, HE 1
RGP LA O R A BN A BIE ST I 5K
o, HALZ % K PMas 5 O3 Z KB R4

HLL AR SE PMy s ANIABY S G2 8] 1 BRI 41 .

CAHWTERY] NO, Al SO, S5 AW M A LB
JRI R TEHL AT (STAS) 2 PM s [ BB AT J
I3 XTSRRI T 38 PMa s FRIVREE, X
O AR A BRI ™ L, e T UK R B T
B R 2 — O AR SRR A 1% B [ £ P 40
AN S L TTRE S EOBT REUAE ) T R 1K)
it Bk . VAR A7 AE 2 D 22, IR R £E 4 s (R T 9
R R P AN 5 .

3.1 FRBE M 7 I, 5 2 (R b BT BE SRV R e
AR SR T M ¥ 1) P 3 9 ) A R, 32 B A BT T
PP E R RS S5 R R4 A P AR ) 22 e AR N ()
BRI, 2 505 P g A T R RV
WAL PRI TE S HFBCE 2 1) PMys. 43 Xk
F,COs NO, Fl VOCs HIEHERFEAH AL SO, i HERL
FEEPR 0, T PMa s J8CHETE D052 4%, A R A
VY B i DX A FEDRHERIN. 23 2 0 R B B YR % A A
/D> PMas. NO, F1 SO, 8575 B HEBT T BRI
T W7 RE R R H 2, 1m0 0T RE U e H 4R 9D CO, A
VOCs J7 A58 %t

3.2 iR i 7 DB BE IRV HE) A R
TR 5% ) HL 32 4 385 L R PM s sk HEXS 9> FE TRl
SR ) DT R I 5 HH,S O, B 5948 FRE BN 28 i KB,
BRI W RGIIR 1S BAE BE IR
3 35 T RH S B0 T AN i (10 ik 2 L XS A 2>

3.3 CHBRURVIEHE A P R AN [R5 s HE
() ik R 205 6% T AXANELIZ A7 16 19 .S O, At FRE 230, 24 i
B MALOME I Bk 3, =IA 223.57%. PMy s [FfEEER
RN B3 A (B DTk B K, DT AR BRI (E DTk o L3S
16 70%UA WA [ X A VE R K543 v s
DX, BERE B RS A By R i B S e Ak
R G 1T PG b X 22 B A R,

ERpds

[1] Zhang R, Hanaoka T. Deployment of electric vehicles in China to meet

(2]

B3]

(4]

[5]

(6]

(7

(8]

[

[10]

(1]

[12]

[13]

[14]

[15]

the carbon neutral target by 2060: Provincial disparities in energy
systems, CO, emissions, and cost effectiveness [J]. Resources,
Conservation and Recycling, 2021,170:105622.

Li P, Zhang Z X. The effects of new energy vehicle subsidies on air
quality: Evidence from China [J]. Energy Economics, 2023,120:
106624.

gk L SRR LB A B RO BT BE YR R A L B A L B AR AR I
W [J]. WALL B K2R, 2024,45(5):73-87.

Zhang B, Song C F. The influence of digital transformation on the
enterprise technological progress of new energy vehicle industry chain
[J]. Journal of Hebei University of Economics and Business, 2024,
45(5):73-87.

RGeS, LB HAR R BRI SRS T RO
S R R SR ZE T S AR [7]. BURZSF R R L BT, 2024,
41(2):131-150.

Guo X D, Wang F. Government subsidies, demand substitution and

emission reduction effects under the dual carbon target: Evidence from
China’s passenger car market [J]. Journal of Quantitative &
Technological Economics, 2024,41(2):131-150.

(SR GETR DAY AN A O I E i M ) S T 2 DN
V5 G4 o 0 B R R A 7 —— A L ] [7]. BREERF AR,
2020,40(5):1873-1883.

ADLALM I, Jiang P, Dong H J, et al. Synergy and co—benefts of
reducing CO; and air pollutant emissions by promoting new energy
vehicles: A case of Shanghai [J]. Acta Scientiae Circumstantiae, 2020,
40(5):1873-1883.

Ke W, Zhang S, Wu Y, et al. Assessing the future vehicle fleet
electrification: The impacts on regional and urban air quality [J].
Environmental Science & Technology, 2017,51(2):1007-1016.

Lin B, Wu W. The impact of electric vehicle penetration: A recursive
dynamic CGE analysis of China [J]. Energy economics, 2021,94:
105086.

Ma C, Madaniyazi L, Xie Y. Impact of the electric vehicle policies on
environment and health in the Beijing-Tianjin-Hebei region [J].
International Journal of Environmental Research and Public Health,
2021,18(2):623.

Wu Y, Zhang L. Can the development of electric vehicles reduce the
emission of air pollutants and greenhouse gases in developing
countries?
Environment, 2017,(51):129-145.

Yang L, Yu B'Y, Yang B, et al. Life cycle environmental assessment of

[J]. Transportation Research Part D: Transport and

electric and internal combustion engine vehicles in China [J]. Journal
of Cleaner Production, 2021,285:124899.

Weis A, Michalek J J, Jaramillo P, et al. Emissions and cost
implications of controlled electric vehicle charging in the U.S. PIM
interconnection [J]. Environmental Science & Technology, 2015,
49(9):5813-5819.

AT, 2 B R R 427 0BT RV AR BLIR D T B (7).
T2, 2023,(6):88-105.

Li X J, An M T. “Driving with coal”: Does new energy vehicles really
reduce carbon emissions? [J]. Finance & Economics, 2023,(6):88-105.
Moataz, Mahmoud, Ryan, et al. Electric buses: A review of alternative
powertrains [J]. Renewable and Sustainable Energy Reviews, 2016,
62:673-684.

Huo H, Zhang Q, Wang M Q, et al. Environmental implication of
electric vehicles in China [J]. Environmental Science & Technology,
2010,44(13):4856-4861.

Liang X, Zhang S, Wu Y, et al. Air quality and health benefits from



5872 S RN €5 I N - 45 %
fleet electrification in China [J]. Nature Sustainability, 2019,2(10): [29] 3k ZAR %%, E o, AL s R IR RGP 12
962-971. NEIs2m (3], EEREERLE, 2014,34(9):2401-2407.

[16] Peng L, Liu F, Zhou M, et al. Alternative—energy—vehicles deployment Zhang Y, Shao Y, Wang S G; et al. Relationship between air pollutant
delivers climate, air quality, and health co—benefits when coupled with and respiratory diseases hospital outpatient visits in Beijing [J]. China
decarbonizing power generation in China [J]. One Earth, 2021,4(8): Environmental Science, 2014,34(9):2401-2407.

1127-1140. [30] WG BERILBTIT IS PMy.s v Gt BN (1 R s a8 (D).

[17] Hsieh I Y L, Chossiére G P, Gencer E, et al. An integrated assessment Hh [E B3 R4, 2020,40(7):3228-3238.
of emissions, air quality, and public health impacts of China’s Zeng X G, Ruan F F. Analysis on the national economic impact of
transition to electric vehicles [J]. Environmental Science & PM;s-induced health effects in China [J]. China Environmental
Technology, 2022,56(11):6836-6846. Science, 2020,40(7):3228-3238.

[18] Lin W Y, Hsiao M C, Wu P C, et al. Analysis of air quality and health [31] MM EARARAT YT 17 Wi s RAE NI D). b
co—benefits regarding electric vehicle promotion coupled with power W5 BK2E, 2013,
plant emissions [J]. Journal of Cleaner Production, 2020,247:119152. Chen R J. The health effects of complex air pollution in 17 Chinese

[19] Choma E F, Evans J S, Hammitt J K, et al. Assessing the health cities [D]. Shanghai: Fudan University, 2013.
impacts of electric vehicles through air pollution in the United States [32] Chen R, Chu C, Tan J, et al. Ambient air pollution and hospital
[J]. Environment International, 2020,144:106015. admission in Shanghai, China [J]. Journal of hazardous materials,

[20] Pan R, Liang Y, Li Y, et al. Environmental and health benefits of 2010,181(1-3):234-240.
promoting new energy vehicles: A case study based on Chongqing [33] A Wb, FREE, T a3, 55 K05 Gt = 00 o i 525 993 4 B 5%
City [J]. Sustainability, 2023,15(12):9257. R R AE SUAFSE [9]. P EEREERL2E, 2012,32(7):1182-1187.

[21] KU, 25 52 18 3T K7 e HE TR 4 i b 2 PR ik 5 Zheng S, Wang M Z, Wang S G, et al. A case-crossover analysis of air
Kt GB/T3840-91 h A-P fH7VAIIRR [J]. A% FRH#,1993,(2): pollution and hospital admissions for cardiovascular and
146-154. cerebrovascular diseases in Lanzhou [J]. China Environmental Science,
Xu D H, Li Z K. The relationship between A-P value method and 2012,32(7):1182-1187.
multiple sources dispersion model in the total quantity control of air [34] Kan H, Chen B. Particulate air pollution in urban areas of Shanghai,
pollutants emission in urban area [J]. Journal of the Meteorological China: Health-based economic assessment [J]. Science of the Total
Sciences, 1993,(2):146-154. Environment, 2004,322(1-3):71-79.

[22] K256 T GB/T 13201-91 HOREHMRBE R R~ A IS K [35] ez, M, I 202, 25 TV T = A T WR AR 40 e A e

VG GRS HE (R T ) ()], ISR, 1992, RN A GERURTE [J]. AERURZFZHRARBIEIR), 2010,46(5):
5(6):20-30. 829-834.
Xu D H, Li Z K. Description of the method for setting emission Liu X Y, Xie P, Liu Z R, et al. Economic assessment of acute health
standards for gaseous air pollutants produced by fuel combustion impact due to inhalable particulate air pollution in the Pearl River
process in GB/T 13201-91 [J]. Research of Environmental Sciences, Delta [J]. Acta Scientiarum Naturalium Universitatis Pekinensis, 2010,
1992,5(6):20-30. 46(5):829-834.

[23] WHO. ICD-10 [Z]. 2019,https://icd.who.int/browse10/2019/en. [36] W% BTN WF 210G Qe Bt Ok b Gk AR A VEAS T T[]

[24] BAEAESRIEAK BTHEFTHA DR ] PMy s V5 BEAME RS PEAS (7], TPEFREERY, 2010,30(2):284-288.

[EIFEER}2, 2013,33(1):166-174. Zeng X G, Jiang Y. Evaluation of value of statistical life in health costs
Huang D S, Zhang S Q. Health benefit evaluation for PM; s pollution attributable to air pollution [J]. China Environmental Science, 2010,
control in Beijing-Tianjin-Hebei region of China [J]. China 30(2):284-288.

Environmental Science, 2013,33(1):166-174. [37] Huang L, Mo J, Sundell J, et al. Health risk assessment of inhalation

[25] “lsist, BEE N1, 4%, 55 ) NO, g KUK K5 DX 30k i DI TT exposure to formaldehyde and benzene in newly remodeled buildings,
% [J]. TPEFREIRAE, 2024,44(12):6993-7000. Beijing [J]. Plos One, 2013,8(11):79553.

Zou W W, Shao Y C, Hu L T, et al. The associations between [38] & DLXIEMG A 7S5 IE T S EACTI SR B fiys e
NO,-related health burden and regional developments in China [J]. Pl R VRS [J]. FREEERLE, 2024,45(2):1049-1057.
China Environmental Science, 2024,44(12):6993-7000. Yuan B, Liu H P, Du P, et al. Health risk assessment for an

[26] LhyLae AE AL TG UM (SOo NO)KT HH il i A BRE 250N 54w 1) arsenic-contaminated site based on Monte Carlo simulation and
meta 74T [J]. BS54 EE, 2016,32(8):1038-1044. parameters optimization [J]. Environmental Science, 2024,45(2):
Ma H Q, Cui L H. Meta—analysis on health effects of air pollutants 1049-1057.

(SO, and NO,) in the Chinese population [J]. Occupation and Health, [39] FHZFER NG BERILBR 28,4 b [ A B AR A AR i A S B L IR B R
2016,32(8):1038-1044. # [J]. PEFRBIRE, 2024,44(12):7063-7078.

[27] W02, 0 I 5, 55 B B HE KAL) 75 Y 2 i — IR N K Tang L C, Zeng X G, Chen H, et al. Carbon equity in inter-provincial
RIS [J]. HEFREERE, 2009,29(10):1034-1040. crop production in China and its driving factors [J]. China
Xie P, Liu X Y, Liu Z R, et al. Exposure—response functions for health Environmental Science, 2024,44(12):7063-7078.
effects of ambient particulate matter pollution applicable for China [J]. [40] Guo Y, Zhang L, Winiwarter W, et al. Ambitious nitrogen abatement is
China Environmental Science, 2009,29(10):1034-1040. required to mitigate future global PM, s air pollution toward the World

[28] 5% SRS E VS Yt e VA Y [D]. bt kA, Health Organization targets [J]. One Earth, 2024,7(9):1600-1613.

2019.
Qi J. Study on health damage assessment of short-term heavy air

pollution [D]. Beijing: Tsinghua University, 2019.

TEEEN: &%

BR(1997-), 22 AL AN, Hh A BOK 22 1o iF 5k,

FENFIEL T I K KIS L 7 75 .chenmi05 14@ruc.edu.cn.



