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Table S1. PV population and average annual vehicle kilometres travelled of Chinese provinces and municipalities in 2023.
	Provinces and municipalities
	ICEVs
	EVs
	Total PVs*
	AVKT per PV
(km/year) 1

	Anhui
	8,998,036
	368,300 1
	9,366,336 2
	21,400

	Fujian
	8,652,600
	455,400
	9,108,000 2
	15,700

	Gansu
	3,858,900
	203,100
	4,062,000 3
	24,600

	Guangdong
	22,522,148
	2,890,000 4
	25,412,148 5
	16,900

	Guizhou
	5,534,616
	209,800
	5,744,416 6
	21,200

	Hainan
	1,356,733
	273,000 7
	1,629,733 7
	16,300

	Hebei
	13,765,500
	724,500
	14,490,000 2
	20,200

	Heilongjiang
	5,506,200
	289,800
	5,796,000 2
	22,200

	Henan
	18,481,395
	972,705
	19,454,100 8
	19,100

	Hubei
	9,832,500
	517,500
	10,350,000 2
	18,600

	Hunan
	10,237,200
	538,800
	10,776,000 9
	18,800

	Jiangsu
	20,478,096
	1,877,904 10
	22,356,000 1
	18,800

	Jiangxi
	4,289,100
	257,900 11
	4,547,000 12
	19,700

	Jilin
	5,243,905
	275,995
	5,519,900 13
	21,600

	Liaoning
	8,259,300
	434,700
	8,694,000 2
	19,200

	Qinghai
	2,359,800
	124,200
	2,484,000 2
	21,700

	Shaanxi
	6,686,100
	351,900
	7,038,000 2
	19,200

	Shandong
	23,257,176
	1,659,000 14
	24,916,176 14
	18,600

	Shanxi
	7,079,400
	372,600
	7,452,000 2
	19,740

	Sichuan
	12,192,300
	641,700
	12,834,000 2
	19,400

	Yunnan
	8,543,900
	326,200 15
	8,870,100 15
	17,900

	Zhejiang
	15,819,960
	2,040,000
	17,859,960 16
	16,100

	Inner Mongolia
	6,292,800
	331,200
	6,624,000
	20,900

	Xinjiang
	4,719,600
	248,400
	4,968,000
	22,100

	Tibet
	1,573,200
	82,800
	1,656,000
	18,200

	Ningxia
	2,753,100
	144,900
	2,898,000
	23,500

	Guangxi
	6,482,607
	341,190
	6,823,796
	19,500

	Chongqing
	6,292,800
	331,200
	6,624,000
	18,800

	Beijing
	6,154,693
	323,931
	6,478,624
	12,700

	Tianjin
	2,831,760
	149,040
	2,980,800
	17,200

	Shanghai
	6,603,199
	347,537
	6,950,736
	14,800


Source: 1 Liu et al. (2017); 2 Stardata (2023); 3 The People’s Government of Gansu (2024); 4 China News (2024a); 5 China News (2024b); 6 China News (2024c); 7 China News (2023); 8 Henan Province Bureau of Statistics (2024); 9 The People’s Republic of Hunan (2024); 10 CPNN (2024); 11 International Energy (2023); 12 Jiangxi Province Bureau of Statistics (2024); 13 Statistics Bureau of Jilin (2023); 14 Energy Administration of Shandong Province (2023); 15 China Economics Weekly (2024); 16 Wong (2024)

*When the number of EVs was not available, it was estimated by multiplying the number of total PVs by 5%, while the rest were ICEVs (95%) in 2023. The assumption was based on the share of EVs (~11%) in Guangdong province, which was one of the pioneers of EVs in China (China News, 2024a; China News, 2024b).
**When the number of total PVs was not available, it was estimated by multiplying the total automobile population by 82.8%, which is the average national share of PVs among automobiles in China (The Central People’s Government of the People’s Republic of China, 2013).



Table S2. PV population and average annual vehicle kilometres travelled of Chinese provinces and municipalities in 2035.
	Provinces and municipalities
	ICEVs*
	EVs*
	Total PVs
	AVKT
(km/year)**

	Anhui
	6,556,435
	6,556,435
	13,112,870
	20,400

	Fujian
	6,375,600
	6,375,600
	12,751,200
	15,700

	Gansu
	2,843,400
	2,843,400
	5,686,800
	23,400

	Guangdong
	17,788,504
	17,788,504
	35,577,008
	16,100

	Guizhou
	4,021,091
	4,021,091
	8,042,182
	20,200

	Hainan
	1,140,813
	1,140,813
	2,281,626
	15,600

	Hebei
	10,143,000
	10,143,000
	20,286,000
	19,200

	Heilongjiang
	4,057,200
	4,057,200
	8,114,400
	21,200

	Henan
	13,617,870
	13,617,870
	27,235,740
	18,200

	Hubei
	7,245,000
	7,245,000
	14,490,000
	17,800

	Hunan
	7,543,200
	7,543,200
	15,086,400
	17,900

	Jiangsu
	15,649,200
	15,649,200
	31,298,400
	17,900

	Jiangxi
	3,182,900
	3,182,900
	6,365,800
	18,800

	Jilin
	3,863,930
	3,863,930
	7,727,860
	20,600

	Liaoning
	6,085,800
	6,085,800
	12,171,600
	18,300

	Qinghai
	1,738,800
	1,738,800
	3,477,600
	20,700

	Shaanxi
	4,926,600
	4,926,600
	9,853,200
	18,300

	Shandong
	17,441,323
	17,441,323
	34,882,646
	17,800

	Shanxi
	5,216,400
	5,216,400
	10,432,800
	18,800

	Sichuan
	8,983,800
	8,983,800
	17,967,600
	18,500

	Yunnan
	6,209,070
	6,209,070
	12,418,140
	17,100

	Zhejiang
	12,501,972
	12,501,972
	25,003,944
	15,400

	Inner Mongolia
	4,636,800
	4,636,800
	9,273,600
	19,900

	Xinjiang
	3,477,600
	3,477,600
	6,955,200
	21,100

	Tibet
	1,159,200
	1,159,200
	2,318,400
	17,400

	Ningxia
	2,028,600
	2,028,600
	4,057,200
	22,400

	Guangxi
	4,776,657
	4,776,657
	9,553,314
	18,600

	Chongqing
	4,636,800
	4,636,800
	9,273,600
	18,000

	Beijing
	4,535,037
	4,535,037
	9,070,074
	12,100

	Tianjin
	2,086,560
	2,086,560
	4,173,120
	16,300

	Shanghai
	4,865,515
	4,865,515
	9,731,030
	14,100


* It was assumed that 40% increase in PV population is expected. Among all PVs, half of them will be EVs and half of them will be ICEVs (Zhang, 2024b, China News, 2020).
** With reference to the reduction trend in 2013 to 2020, it was assumed that the average vehicle kilometres travelled will decrease by 4% per year in all provinces (Zhang, 2024d)
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Table S3. EGM emission factors (EF) of power plants in Chinese provinces and municipalities.
	Provinces and municipalities
	2023 (gCO2/kWh) 1
	2035 (gCO2/kWh)*

	Anhui
	657
	456

	Fujian
	369
	256

	Gansu
	301
	209

	Guangdong
	369
	256

	Guizhou
	365
	253

	Hainan
	369
	256

	Hebei
	858
	595

	Heilongjiang
	730
	507

	Henan
	657
	456

	Hubei
	292
	203

	Hunan
	365
	253

	Jiangsu
	584
	405

	Jiangxi
	511
	355

	Jilin
	694
	481

	Liaoning
	730
	507

	Qinghai
	146
	101

	Shaanxi
	584
	405

	Shandong
	657
	456

	Shanxi
	730
	507

	Sichuan
	110
	76

	Yunnan
	110
	76

	Zhejiang
	493
	342

	Inner Mongolia
	858
	595

	Xinjiang
	694
	507

	Tibet
	50
	35

	Ningxia
	292
	203

	Guangxi
	493
	342

	Chongqing
	301
	209

	Beijing
	858
	595

	Tianjin
	858
	595

	Shanghai
	493
	342


Source: 1 Chen et al. (2023)
Based on the recent reduction trend of EGM emission factor, it is assumed that the EGM emission factor will decrease by 3% per year due to the introduction of clean energy in the Guangdong province (Chen et al., 2024).


Table S4. CO2e emissions per PV (kgCO2e) in Chinese provinces and municipalities.
	Provinces and municipalities
	2023
	2035
	Change (%)

	Anhui
	4364
	2696
	1668 (-38)

	Fujian
	3154
	1805
	1349 (-43) 

	Gansu
	4912
	2751
	2161 (-44)

	Guangdong
	3215
	1936
	1279 (-40)

	Guizhou
	4300
	2431
	1869 (-43)

	Hainan
	2969
	1906
	1063 (-36)

	Hebei
	4108
	2714
	1394 (-34)

	Heilongjiang
	4500
	2873
	1627 (-36)

	Henan
	3859
	2408
	1451 (-38)

	Hubei
	3730
	2079
	1651 (-44)

	Hunan
	3779
	2157
	1622 (-43)

	Jiangsu
	3717
	2323
	1394 (-38)

	Jiangxi
	3951
	2380
	1571 (-40)

	Jilin
	4376
	2766
	1610 (-38)

	Liaoning
	3905
	2492
	1413 (-36)

	Qinghai
	4320
	2049
	2271 (-53)

	Shaanxi
	3870
	2369
	1502 (-39)

	Shandong
	3736
	2356
	1381 (-37)

	Shanxi
	4004
	2557
	1448 (-36)

	Sichuan
	3863
	2019
	1844 (-48)

	Yunnan
	3621
	1871
	1750 (-48)

	Zhejiang
	3102
	1935
	1168 (-38)

	Inner Mongolia
	4253
	2814
	1440 (-34)

	Xinjiang
	4473
	2861
	1613 (-36)

	Tibet
	3620
	1881
	1740 (-48)

	Ningxia
	4696
	2629
	2068 (-44)

	Guangxi
	3935
	2342
	1593 (-40)

	Chongqing
	3773
	2112
	1661 (-44)

	Beijing
	2595
	1332
	1263 (-49)

	Tianjin
	3497
	2326
	1170 (-33)

	Shanghai
	2995
	1786
	1210 (-40)

	Average
	3845
	2289
	1556 (-40)





Table S5. Total CO2e emissions (ktCO2e/year) in Chinese provinces and municipalities.
	Province
	2023
	2035
	Change (%)

	Anhui
	40,871
	35,346
	5526 (-14)

	Fujian
	28,731
	23,020
	5711 (-20)

	Gansu
	19,952
	15,646
	4306 (-22)

	Guangdong
	81,700
	68,873
	12,826 (-16)

	Guizhou
	24,698
	19,550
	5148 (-21)

	Hainan
	4838
	4349
	490 (-10)

	Hebei
	59,530
	55,053
	4477 (-8)

	Heilongjiang
	26,080
	23,312
	2768 (-11)

	Henan
	75,070
	65,587
	9483 (-13)

	Hubei
	38,607
	30,123
	8484 (-22)

	Hunan
	40,724
	32,546
	8178 (-20)

	Jiangsu
	83,103
	72,712
	10,391 (-13)

	Jiangxi
	17,966
	15,153
	2813 (-16)

	Jilin
	24,158
	21,376
	2782 (-12)

	Liaoning
	33,952
	30,337
	3615 (-11)

	Qinghai
	10,731
	8016
	2715 (-25)

	Shaanxi
	27,244
	23,341
	3903 (-14)

	Shandong
	93,104
	82,186
	10918 (-12)

	Shanxi
	29,845
	26,674
	3171 (-11)

	Sichuan
	49,580
	36,280
	13300 (-27)

	Yunnan
	32,119
	23,231
	8888 (-28)

	Zhejiang
	55,417
	48,390
	7027 (-13)

	Inner Mongolia
	28,177
	26,096
	2081 (-7)

	Xinjiang
	22,226
	19,900
	2326 (-10)

	Tibet
	5996
	4361
	1635 (-27)

	Ningxia
	13,610
	10,666
	2944 (-22)

	Guangxi
	26,848
	22,371
	4477 (-17)

	Chongqing
	24,990
	19,585
	5405 (-22)

	Beijing
	16,814
	12,080
	4733 (-28)

	Tianjin
	10,424
	9709
	715 (-7)

	Shanghai
	20,819
	17,377
	3442 (-17)

	Total
	1,067,924
	903,246
	164,678 (-15)

	Average
	33,436
	28,290
	5146 (-15)




Among the countries/cities examined, only HK and SG announced the schedule of eliminating all on-road ICEVs (Xue et al., 2022; IEA, 2024).

Table S6. ICEV population in Hong Kong (HK), Singapore (SG), Luxembourg (LU), Oslo (OS), and Vermont (VT).
	Year
	HK
	SG
	LU
	OS
	VT

	2012 
	494,252 1
	625,286 4
	353,700 5
	252,704 6
	604,556 8

	2020 
	633,256 2
	590,760 4
	414,503 5
	178,749 6
	604,977 8

	2025 
	567,581 3
	485,248
	377,497
	106,791 7
	506,903

	2030 
	463,587 3
	306,010
	360,055
	59,556 7
	284,512

	2035 
	338,768 3
	126,035
	336,420
	23,316 7
	118,814

	2040 
	165,791 3
	0
	211,625
	4,426 7
	38,933

	2045 
	26,201 3
	0
	137,735
	344 7
	6,543

	2050 
	0 3
	0
	11,655
	27 7
	1,100


Source: 1 Legislative Council Secretariat (2022); 2 Transport Department (2023); 3 Xue et al. (2022); 4 Land Transport Authority (2024a); 5 UNECE (2024); 6 Statistics Norway (n.d.); 7 Norsk Industri (2022); 8 Dowds (2022)

Table S7. Hybrid PV population in Hong Kong (HK), Singapore (SG), Luxembourg (LU), Oslo (OS), and Vermont (VT).
	Year
	HK
	SG
	LU
	OS
	VT

	2012 
	N/A
	4,132 4
	1,023 5
	49 6
	7,833 8

	2020 
	N/A
	42,415 4
	13,750 5
	54,738 6
	14,638 8

	2025 
	N/A
	113,693
	54,815
	44,181 7
	50,960

	2030 
	N/A
	225,010
	76,780
	24,639 7
	208,287

	2035 
	N/A
	281,706
	96,877
	9,646 7
	280,638

	2040 
	N/A
	241,649
	124,751
	1,831 7
	184,068

	2045 
	N/A
	162,689
	137,735
	142 7
	72,064

	2050 
	N/A
	96,066
	152,071
	11 7
	17,101


Source: 1 Legislative Council Secretariat (2022); 2 Transport Department (2023); 3 Xue et al. (2022); 4 Land Transport Authority (2024a); 5 UNECE (2024); 6 Statistics Norway (n.d.); 7 Norsk Industri (2022); 8 Dowds (2022)




Table S8. EV population in Hong Kong (HK), Singapore (SG), Luxembourg (LU), Oslo (OS), and Vermont (VT).
	Year
	HK
	SG
	LU
	OS
	VT

	2012 
	366 1
	0 4
	100 5
	1,547 6
	48 8

	2020 
	17,998 2
	1,217 4
	4,032 5
	67,782 6
	2,063 8

	2025 
	87,137 3
	31,445
	20,440
	145,861 7
	18,785

	2030 
	211,618 3
	107,772
	27,349
	243,533 7
	118,559

	2035 
	373,444 3
	242,185
	43,556
	278,703 7
	223,447

	2040 
	594,304 3
	422,006
	152,518
	290,133 7
	410,423

	2045 
	764,192 3
	498,767
	289,191
	281,865 7
	558,465

	2050 
	839,808 3
	657,596
	340,035
	268,013 7
	652,865


Source: 1 Legislative Council Secretariat (2022); 2 Transport Department (2023); 3 Xue et al. (2022); 4 Land Transport Authority (2024a); 5 UNECE (2024); 6 Statistics Norway (n.d.); 7 Norsk Industri (2022); 8 Dowds (2022)

Table S9. Total PV population in Hong Kong (HK), Singapore (SG), Luxembourg (LU), Oslo (OS), and Vermont (VT).
	Year
	HK
	SG
	LU
	OS
	VT

	2012 
	494,618
	629,418
	354,823
	254,300
	612,437

	2020 
	651,254
	634,392
	432,285
	301,269
	621,678

	2025 
	654,718
	630,386
	452,752
	296,833
	576,648*

	2030 
	675,205
	638,792
	464,185
	321,301
	611,358

	2035 
	712,212
	649,926
	476,853
	311,666
	622,899

	2040 
	759,825
	663,655
	488,894
	296,391
	633,424

	2045 
	790,393
	661,456
	496,272
	281,865
	637,702

	2050 
	839,808
	657,596
	507,760
	268,051
	652,865


*Note that a gradual fall in VT’s PV population was recorded in 2021 – 2023 when compared to 2020 after excluding biodiesel and unknown fuel PVs in the calculations. Following the trend, PV population in 2025 is therefore anticipated to be less than 2020 in this study (Dowds, 2022; U.S. Department of Energy, 2024).

Table S10. Literature referenced in the sensitivity analysis.
	Countries/cities
	EV population
	EGM emission factor

	Hong Kong, China
	20%*
	Xue et al. (2022)

	Singapore
	Thuy (2024) 
	Handayani et al. (2022)

	Luxembourg
	20%*
	Rosslowe et al. (2022); EEA (2024)

	Oslo, Norway
	20%*
	Norsk Industry (2022)

	Vermont, USA
	20%*
	Okeke et. (2024); Vermont Department of Public Service (2022)

	China
	Cailian Press (2020)
	Abhyankar et al. (2022); Zhu et al. (2022)


*When the number/share of EVs in 2035 was not specified, the sensitivity analysis was made based on 20% of the original value taken in this study.
