
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk

Universities of Leeds, Sheffield and York

Deposited via The University of Leeds.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/243341/

Version: Accepted Version

Article:

Dou, H., Jiang, S., Ou, S.S. et al. (2026) Distributional impacts of EU tariffs on Chinese 
electric vehicles across European markets. Nature Energy. ISSN: 2058-7546 

https://doi.org/10.1038/s41560-026-02105-7

This is an author produced version of an article published in Nature Energy, made 
available via the University of Leeds Research Outputs Policy under the terms of the 
Creative Commons Attribution License (CC-BY), which permits unrestricted use, 
distribution and reproduction in any medium, provided the original work is properly cited.

Reuse 

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://doi.org/10.1038/s41560-026-02105-7
https://eprints.whiterose.ac.uk/id/eprint/243341/
https://eprints.whiterose.ac.uk/


1 

 

EU import tariffs on Chinese electric vehicles reshape electrification in 1 

vulnerable markets 2 

 3 

Hao Dou1, Shuyan Jiang2, Shiqi(Shawn) Ou2,3, Han Hao1,4*, Ming Liu1,5, Jingxuan 4 

Geng1, Boyu Liu1, Lang Mai1, Xiaobo Qu1, Yong Geng6, Klaus Hubacek7, Fanran 5 

Meng8, David Reiner6, Zia Wadud9, James Tate9, Yifan Wei10, Chong Liu11, Zongwei 6 

Liu1, Fuquan Zhao1, Xin Sun7 7 

 8 

1 School of Vehicle and Mobility, Tsinghua University, Beijing 100084, China 9 

2 School of Future Technology, South China University of Technology, Guangzhou 10 

511442, Guangdong, China 11 

3 Guangdong Artificial Intelligence and Digital Economy Laboratory (Guangzhou), 12 

Guangzhou, 510335, Guangdong, China 13 

4 Tsinghua-Rio Tinto Joint Research Center for Resources Energy and Sustainable 14 

Development, Tsinghua University, Beijing 100084, China 15 

5 Energy Policy Research Group, Cambridge Judge Business School, University of 16 

Cambridge, Trumpington Street, Cambridge, CB2 1AG, UK 17 

6 School of International and Public Affairs, Shanghai Jiao Tong University, Shanghai 18 

200240, China 19 

7 Integrated Research on Energy, Environment and Society (IREES), Energy and 20 

Sustainability Research Institute Groningen (ESRIG), University of Groningen, 21 

Groningen, 9747AG, the Netherlands 22 

8 Department of Chemical & Biological Engineering, Faculty of Engineering, 23 

University of Sheffield, Mappin Street, Sheffield, S1 3JD, UK 24 

9 Institute for Transport Studies, University of Leeds, Woodhouse Lane, Leeds, LS2 9JT, 25 

UK 26 

10 Institute for Resource and Environmental Policies, Development Research Center of 27 

the State Council, Beijing 100010, China 28 

11 School of Economics, Peking University, Beijing 100871, China 29 

 30 



2 

 

*Corresponding author: hao@tsinghua.edu.cn 31 

 32 



3 

 

Abstract 33 

In July 2024, the European Union (EU) introduced additional tariffs on battery electric 34 

vehicles (BEVs) imported from China. How these trade measures affect the pace and 35 

distribution of vehicle electrification depends critically on automakers’ response 36 

strategies. Here, we combine model-level cost data with a market adoption framework 37 

to quantify how tariff-induced cost shocks propagate through total cost of ownership 38 

(TCO) and reshape electric vehicle (EV) adoption across 20 EU countries and 10 39 

vehicle classes. We find that, depending on automaker responses, the EU-wide EV share 40 

in 2035 ranges from 56.4% (market withdrawal) to 68.9% (low-cost onshoring), 41 

compared with 64.4% under a business-as-usual projection. Adoption losses are 42 

concentrated in price-sensitive classes and lower-income countries that rely heavily on 43 

affordable China-produced BEVs, while onshoring production can partially offset tariff 44 

impacts and accelerate electrification. Our findings highlight the distributional 45 

consequences of uniform trade interventions and underscore the importance of aligning 46 

trade and industrial policy to support a resilient and inclusive transition. 47 

 48 

 49 
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Introduction 50 

The automotive sector is a cornerstone of the European Union (EU) economy, 51 

supporting 13.8 million jobs, and contributing over 7% of the EU’s gross domestic 52 

product1. Prior to 2020, EU automakers occupied over 75% of traditional domestic auto 53 

market2. As road transport represents a major source of carbon emissions, vehicle 54 

electrification has become a central pillar of the EU’s low-carbon transition strategy, 55 

accompanied by ambitious electrification targets in the road transport sector. Up to 2022, 56 

the share of electric vehicles (EVs) in new car registrations increased rapidly, reaching 57 

21% across the EU3. However, this momentum has weakened in recent years, with EV 58 

growth adoption slowing noticeably. A growing body of evidence suggests that the 59 

rollback of purchase subsidies and fiscal incentives has undermined the EV 60 

affordability, leaving them less competitive with internal combustion engine vehicles 61 

(ICEVs) in many markets. In Germany, for example, only one quarter of battery electric 62 

vehicle (BEV) sales were priced below their ICEV equivalents in 20243. 63 

 64 

By contrast, the EV industry has expanded rapidly in China, with China-made BEVs 65 

gaining a growing foothold in the EU market. In the first half of 2024, 24% of BEV 66 

sales in the EU were imported from China, up from almost zero before 20204,5. To 67 

protect the domestic automotive industry while continuing to promote electrification, 68 

the EU has introduced a range of policies and regulations in the EV sector, including 69 

import tariffs on China-made BEVs. In October 2023, the EU initiated an anti-subsidy 70 

investigation on BEV imports from China and subsequently imposed additional tariffs6. 71 

Specifically, based on the investigation of subsidy rate by brand, the EU set tariff rates 72 

of 17.0% on BYD, 18.8% on Geely, 35.3% on SAIC, 7.8% on Tesla, and 20.7% – 35.3% 73 

on other automakers (details in Supplementary Note S1). This tariff policy was 74 

formalized following the publication of the investigation results in July 2024. As 75 

automakers may respond to trade policy intervention through a wide range of pricing, 76 

production, and market strategies, whether such tariffs can ultimately achieve their 77 

intended objectives remains an open empirical question7. 78 

 79 
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Despite the broad relevance and attentions of the EU’s tariff intervention, existing 80 

discussions have so far remained dominated by qualitative analyses and institutional 81 

reports5,8-10, which primarily focused on trade disputes, industrial competitiveness, or 82 

short-term price effects. Existing quantitative assessments have typically focused on 83 

price changes for selected vehicle segments or representative models, rather than 84 

examining how such trade measures may translate into changes in the pace and 85 

distribution of vehicle electrification. Moreover, these analyses fail to account for the 86 

diversity of automaker responses to this tariff policy shocks, such as differences in price 87 

pass-through, production relocation, or market withdrawal, even though these strategic 88 

responses are likely to be decisive in shaping market outcomes. While trade policies in 89 

other sectors, including renewable energy equipment, have been evaluated in terms of 90 

their impacts on market diffusion, comparable framework-based assessments remain 91 

scarce for passenger vehicle markets11-14. The pronounced heterogeneity across 92 

countries, vehicle classes, and powertrain technologies further complicates such 93 

evaluations, limiting the ability of current approaches to link trade policy interventions 94 

with long-term electrification trajectories. 95 

 96 

To address these gaps, we examine how the EU’s import tariffs on China-made BEVs 97 

may affect vehicle electrification under multiple automaker response scenarios. We 98 

integrate detailed model-level cost information with a market adoption framework to 99 

assess how tariff-induced changes in total costs of ownership (TCOs) propagate through 100 

market structure and shape electrification outcomes. Specifically, the analysis covers 101 

all available 168 BEV models and 125 PHEV models across 200 segments spanning 20 102 

EU countries and 10 vehicle classes. Rather than assuming a single adjustment 103 

mechanism, we explicitly consider heterogeneous firm responses, including price 104 

adjustments, production relocation, and market withdrawal, and evaluate how these 105 

responses condition the direction and magnitude of tariff impacts on electrification 106 

trajectories and distributional outcomes. We find that, depending on automakers’ 107 

responses, the EU-wide EV share in 2035 ranges from 8.0% lower (market withdrawal 108 

scenario) to 4.5% higher (low-cost onshoring scenario) than the business-as-usual 109 
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(BAU) projection of 64.4%. At the segment level, between one-third and two-thirds of 110 

segments experience a decline in EV share regardless of how Chinese brands respond, 111 

with the most extreme case reaching a 69.4% decline for compact SUVs (S2) in 112 

Romania under withdrawal scenario. These effects are most pronounced in lower-113 

income countries and medium-to-small vehicle classes, where heightened consumer 114 

sensitivity to ownership costs exacerbates the impact. 115 

 116 

Results 117 

Market penetration of China-produced BEVs in the EU prior to tariff 118 

implementation 119 

In the first half of 2024 (2024H1), while the anti-subsidy investigation was ongoing 120 

and the tariff policy had not yet been implemented, 684,621 BEVs were sold in the EU 121 

(Fig. 1A), of which 24% were imported from China (Fig. 1B, Supplementary Fig. S13). 122 

Tesla, Geely, SAIC, and BYD were the leading automakers driving these imports, 123 

although Volvo and MG primarily produce vehicles marketed as ‘European’ brands (Fig. 124 

1C). The market penetration of China-produced BEVs varies considerably across EU 125 

member states. In Romania, 56% of BEVs sold in 2024H1 were imported from China, 126 

reflecting strong consumer preference. Dacia Spring, produced by Renault’s Chinese 127 

partner Dongfeng, is Romania’s best-selling BEV, accounting for nearly 40% of total 128 

BEV sales. Similarly, in Spain and Portugal, the strong sales of Tesla Model 3 have 129 

driven the market share of China-produced BEVs to over 40%. Conversely, Slovakia 130 

exhibits the lowest penetration rate of 12%. In the EU’s largest markets, China-131 

produced BEVs account for 20% of total BEV sales in Germany and 17% in France. 132 

Pronounced heterogeneity is also observed across vehicle classes. While 79% of large 133 

car (C4) BEV are imported from China, China-produced BEVs account for almost zero 134 

penetration in the mini car (C1) and multi-purpose vehicle (MPV) classes. China’s 135 

flagship BEV models face intense competition from European counterparts, such as 136 

MG 4 vs. Volkswagen ID.3, Volvo EX30 vs. Mercedes-Benz EQA (Fig. 1D). Among 137 

the ten analyzed vehicle classes, the best-selling BEV models in three classes are 138 

produced in China (Tesla Model 3, Dacia Spring, and Volvo EX30, Fig. 1E). 139 
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 140 

 141 

Fig. 1: Overview of the EU BEV market in the first half of 2024. (A) BEV sales across European 142 

countries, with color intensity representing BEV sales volume; grey indicates data unavailable for 143 

those countries. (B) Penetration rates of China-produced BEVs. Penetration rates are presented for 144 

20 EU countries (horizontal) and 10 vehicle classes (vertical), indicated by both the numbers on and 145 

the color depth of the cells. Data for Norway and the United Kingdom are also included. (C) EU 146 

BEV market breakdown by production origin. Automakers are categorized by production location, 147 

brand, and group from the center to the outer layers. Automakers with less than 9,000 BEV sales 148 

are not labeled. (D) Top 10 best-selling China-produced and non-China-produced BEV models in 149 

the 20 EU countries analyzed (EU20). (E) Best-selling BEV models across all vehicle classes. EU20: 150 

the 20 EU countries covered in this study; H-K: Hyundai Kia; R-N: Renault-Nissan Alliance; M-B: 151 

Mercedes-Benz; non-CN: non-China-produced; CN: China-produced; C1 – C5: mini, compact, 152 

mid-size, large, executive car; S2 – S5: compact, mid-size, large, executive SUV; SUV: sport utility 153 

vehicle; MPV: multi-purpose vehicle. Country names are described using ISO alpha-2 code, as 154 

detailed in Supplementary Table S4. Source links of the images in Fig. 1E are listed in 155 

Supplementary Table S5. 156 

 157 

Following the implementation of tariffs, short-term price rigidity and limited immediate 158 
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adjustment by Chinese automakers were accompanied by a decline in the market share 159 

of China-produced BEVs in most countries. The overall penetration rate fell from 24% 160 

in 2024H1 to 22% in the second half of 2024 (2024H2), and further to 20% in the first 161 

half of 2025 (2025H1)4. To provide a longer pre- and post-policy context, the evolution 162 

of market shares before and after tariff implementation is shown in Supplementary Fig. 163 

S14. Given that automakers responses to the additional import duties are expected to 164 

evolve over time, we do not treat these short-run shifts as the main focus of inference. 165 

Instead, we use the 2024H1 market structure as the baseline for subsequent analysis 166 

and construct multiple scenarios and cases to examine potential market trajectories. 167 

 168 

Automaker response strategies to EU import tariffs 169 

Understanding automaker responses to the tariff shocks is the key to assessing the 170 

policy’s market and transition impacts15. As an exogenous trade intervention, the EU’s 171 

import tariffs directly increase the export-related variable costs for China-produced 172 

BEVs, thereby altering automakers’ profit conditions in the EU market. While a 173 

temporary pricing hold has been observed following the implementation of tariffs, 174 

automakers are likely to reassess their pricing, production, and market strategy over a 175 

longer horizon. In this context, we identify three representative response strategies that 176 

capture the range of strategic adjustments available to automakers. We formalize these 177 

strategies as three automaker response scenarios (Table 1), and quantify the vehicle 178 

model-level price changes under each scenario (Fig. 2). 179 

 180 

Table 1. Scenarios and cases design on automaker response scenarios 181 

Scenario Description Case Description 

Adapting to tariff 

(ADA) 

Automakers continue exporting 

BEVs from China to the EU and 

respond to the tariff shock 

through pricing adjustments. 

Low Prices constrained by variable cost (zero-

profit continuation). 

Mid Partial tariff pass-through (intermediate 

adjustment). 

High Full tariff pass-through to consumers. 
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Onshoring BEV 

production 

(ONS) 

Automakers shift BEV 

manufacturing from China to the 

EU to bypass export-related costs. 

Low Onshoring raises retail price by 10%. 

Mid Onshoring raises retail price by 20%. 

High Onshoring raises retail price by 30%. 

Withdrawing from 

the EU 

(WIT) 

Automakers withdraw China-

produced BEVs from the EU 

market. 

Low Exit of purely domestic Chinese brands. 

Mid Exit of domestic Chinese brands and 

Chinese-acquired brands. 

High Exit of all China-produced BEVs, including 

foreign brands manufactured in China. 

 182 

 183 

 184 

Fig. 2: Projected price changes of China-produced BEVs under different scenarios. (A) 185 

Additional tariff rates, the share of variable costs and type of brand for BEVs from different brands. 186 

(B) Prices of each model in the EU and Chinese markets, along with projected price changes under 187 

the ADA and ONS scenarios. Red and blue dots represent prices in the Chinese and EU markets, 188 
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respectively. Orange and green squares indicate the projected prices under the ADA and ONS 189 

scenarios, respectively. For each scenario, the square represents the projected price in the mid case, 190 

with the left and right ends of the error bar indicating the low and high cases, respectively. CN: 191 

China domestic brand; AC: brand partially or fully acquired by Chinese brand; non-CN: non-China 192 

domestic brand; ADA: adapting to tariff scenario; ONS: onshoring BEV production scenario. 193 

 194 

Adapting to tariff (ADA) scenario. This scenario represents a price-adjustment 195 

strategy, under which automakers continue exporting BEVs from China and respond to 196 

the tariff shock primarily through pricing adjustments. As the EU import tariffs raise 197 

the export-related component of variable costs, automakers face a trade-off between 198 

preserving market competitiveness and maintaining profitability. While automakers 199 

may accept short-term losses to preserve market presence, sustained participation in the 200 

EU market over a longer horizon requires that prices at least cover variable production 201 

and export costs, even if profits are compressed15,16. Three cases (low, mid, and high) 202 

are further developed to represent the extent to which the automakers adjust retail prices 203 

(details in Methods). Under this scenario, among the 56 China-produced models, price 204 

increases are observed for 8 (the low case), 25 (the mid case), and 56 (the high case) 205 

BEV models, respectively. MINI Cooper consistently exhibits the largest price increase, 206 

followed by BMW iX3 and MG Cyberster. In contrast, BEV models produced by 207 

automakers with strong cost competitiveness like BYD show greater resilience to the 208 

tariffs. 209 

 210 

Onshoring BEV production (ONS) scenario. This scenario represents a production 211 

relocation strategy, under which automakers respond to the tariff shock by onshoring 212 

BEV production to the EU in order to bypass export-related costs, including tariffs and 213 

long-distance transportation17,18. While onshoring eliminates these export-related 214 

expenses, it also exposes automakers to higher factor costs (e.g., labor, land, and energy) 215 

and more stringent compliance costs with regulations (e.g., environmental and carbon-216 

related regulations). To parameterize the cost implications, we compare prices of 18 217 

BEV models sold by domestic manufacturing in both the Chinese and EU markets, 218 

using the observed price discrepancies as a proxy for production cost variation19,20. This 219 
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comparison yields an average price difference of 20% under the mid case 220 

(Supplementary Table S7), with assumed differences of 10% and 30% for the low and 221 

high cases, respectively. Under this scenario, 46 BEV models exhibit price decreases 222 

related to pre-tariff levels under the mid case, with Omoda 5, Leapmotor C10, and DR 223 

1.0 showing the largest reductions. The number of models with price reductions rise to 224 

51 under the low case and falls to 33 under the low case. 225 

 226 

Withdrawing from the EU (WIT) scenario. This scenario is designed as a bounding 227 

case to examine how EU electrification outcomes would change if China-produced 228 

BEVs become less available in the EU market under a more restrictive external 229 

environment. Rather than representing a prediction of near-term firm exit under current 230 

tariff levels, the WIT scenario captures the potential consequences of broader market 231 

disruption arising from non-economic factors, including geopolitical tensions, 232 

regulatory uncertainty, investment retrenchment, and strategic supply-chain 233 

reallocation. The three WIT cases represent progressively more severe reductions in 234 

market availability: in the low case, only China domestic brands (36 models) are 235 

assumed to become unavailable; in the mid case, this extends to rands partially or fully 236 

acquired by Chinese companies (13 models); and in the high case, all China-produced 237 

BEVs are assumed to become unavailable in the EU market. These cases are intended 238 

to reflect different levels of disruption severity, rather than calibrated probabilities of 239 

firm withdrawal. 240 

 241 

Heterogeneous TCO impacts across vehicle classes and EU markets 242 

To translate model-level price adjustments into consumer-relevant cost implications, 243 

we convert price variations into TCO based on 2024H1 market conditions, 244 

incorporating expenditures on depreciation, energy, maintenance, taxation, and 245 

insurance21,22. 246 

 247 

At the EU20 level, tariff-induced TCO impacts are moderate on average but highly 248 

uneven across countries and vehicle classes, with the strongest effects concentrated in 249 
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price-sensitive segments and lower-income markets (Fig. 3). This heterogeneity 250 

becomes more apparent when examined across all country–segment combinations (Fig. 251 

3A, Fig. 3E). Under the ADA and ONS scenarios, C2 in Slovakia consistently emerge 252 

as the most affected segment, with TCO increases of 25.2% under the ADA (high case) 253 

and 27.5% under the ONS (high case). Under the WIT scenario, C5 in Ireland, France, 254 

and Spain exhibit the largest increases in the low and mid cases, with TCO rises of 255 

19.1%, 16.1%, and 14.1%, respectively. The impacts become more extreme under the 256 

high case, where S2 in Romania experience a TCO increase of 69.4%, followed by 257 

Bulgaria (+61.2%) and Estonia (+51.3%). This pattern is driven by the exit of the best-258 

selling Dacia Spring, a low-cost model that is strongly preferred by local consumers. 259 

 260 

 261 

Fig. 3: TCO estimates for BEVs in twenty EU countries across ten vehicle classes. (A) Average 262 

TCO in 2024H1 at national and vehicle class levels under baseline. The color shading across 263 

countries represents the national average TCO. The radar chart displays the average TCO by vehicle 264 
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class. (B) TCO differences by vehicle class compared to baseline under various scenarios and cases. 265 

Symbols of different shapes represent TCO changes under various scenarios and cases. (C) TCO 266 

differences by country compared to baseline under various scenarios and cases. Symbols of different 267 

shapes represent TCO changes under various scenarios and cases. (D) Average TCO at the EU20 268 

level under various scenarios and cases. (E) Distribution of TCO change compared to baseline 269 

across various scenarios and cases. Several extreme segments are labeled. More details are shown 270 

in Supplementary Fig. S15 – S43. ADA: adapting to tariff scenario; ONS: onshoring BEV 271 

production scenario; WIT: withdrawing from the EU scenario; C1 – C5: mini, compact, mid-size, 272 

large, executive car; S2 – S5: compact, mid-size, large, executive SUV; SUV: sport utility vehicle; 273 

MPV: multi-purpose vehicle. Country names are described using ISO alpha-2 code, as detailed in 274 

Supplementary Table S4. 275 

 276 

When aggregated to broader dimensions, the magnitude of TCO impacts becomes more 277 

balanced across vehicle classes (Fig. 3B) and countries (Fig. 3C). At the EU20 level 278 

(Fig. 4D), average TCO changes range from −2.4% under the ONS scenario (low case) 279 

and +4.4% under the WIT scenario (high case), indicating that aggregate impacts are 280 

modest relative to the substantial variation observed at the segment level. TCO 281 

increases of over 60% are observed for compact SUVs (S2) in Romania and Bulgaria 282 

under WIT scenario (high case). 283 

 284 

To further illustrate the underlying price-to-TCO transmission mechanism at the model 285 

level, we take Germany, the EU’s largest EV market, as an illustrative case (Fig. 4). For 286 

example, in the mid-size car (C3) class (Fig. 4C), which account for 16% of total BEV 287 

sales in Germany (Fig. 4K), we list the TCO of the three best-selling non-China-288 

produced BEV models (Volkswagen ID.3, Renault Megane, and Opel Astra) alongside 289 

the three top-selling China-produced models (MG 4, Polestar 2, and GWM Ora 03). 290 

The sales-weighted average pre-tariff TCOs for non-China-produced and China-291 

produced BEVs in this class are estimated at €59,767 and €50,292, respectively. 292 

 293 



14 

 

 294 

Fig. 4: TCO estimations for BEVs in Germany. (A) – (J) TCO estimations for different vehicle 295 

classes. For each panel, the left half displays the TCO breakdown for the three best-selling non-296 

China-produced and China-produced BEV models under baseline (listed in Supplementary Table 297 

S8); in the right half, the blue shades indicate the sales-weighted TCO distribution; the red lines 298 

indicate the average TCO under baseline. Orange and green squares indicate the projected TCO 299 

under the ADA and ONS scenarios, respectively. For each scenario, the square represents the 300 

projected price in the mid case, with the left and right ends of the error bar indicating the low and 301 

high cases, respectively. (K) BEV sales breakdown by vehicle classes. Cases in other 19 countries 302 

are provided in Supplementary Fig. S44 – S62. non-CN: non-China-produced; CN: China-produced; 303 

ADA: adapting to tariff scenario; ONS: onshoring BEV production scenario. 304 

 305 

Under the ADA scenario (mid case), GWM Ora 03 is projected to maintain its price, 306 

while MG 4 and Polestar 2 experience price increases of 3% and 9%, respectively. As 307 

a result, the sales-weighted average TCO of China-produced BEVs rises by 3.0% to 308 

€51,950. Under the ONS scenario (mid case), Polestar 2’s price increases by 14%, 309 

whereas MG 4 and GWM Ora 03 benefit from price reductions of 23% and 34%, 310 

respectively, leading to a 14.4% decline in the average TCO. In contrast, under the WIT 311 

                       

                       

                       

                       

 

 

 

 

 

 

            
         

               
                    

                

                               

 

 

 

         

                   

                      

                       

                    

                        

                      

                       

                    

                        

              

          

              

              

              

                                     

                      
          

 

                       

                       

                       

                       

                       

              

              

              

              

              



15 

 

scenario (low case), where China-produced BEVs from Chinese domestic brands exit, 312 

the average TCO increases by 1.2%. This smaller change reflects the fact that the WIT 313 

low case removes only a subset of China-produced BEV offerings, whereas the ONS 314 

scenario modifies the prices of the remaining models directly. Consequently, average 315 

TCO changes are shaped by model composition and sales-weighted exposure, rather 316 

than by the nominal severity of the scenario alone. Across the nine cases, the ADA (high 317 

case) yields the largest TCO increase in this segment, whereas the ONS (low case) 318 

delivers the greatest TCO reduction. 319 

 320 

This price-to-TCO transmission mechanism generalizes across vehicle classes in 321 

Germany (Fig. 4A – 4J), but the magnitude and direction of TCO changes vary 322 

substantially by segment and automaker response strategies. The largest TCO increase 323 

and decrease occur at compact car (C2, +39.0%) under the ONS scenario (high case) 324 

and mid-size car (C3, −20.4%) under the ONS scenario (low case), respectively. While 325 

China-produced BEVs often remain cheaper than comparable non-China-produced 326 

models, tariffs reduce this price advantage to varying degrees, and the resulting impact 327 

on EV adoption depends on how automakers adjust prices, production, or market 328 

presence under different scenarios. 329 

 330 

Electrification trajectories under multiple automaker response scenarios 331 

To examine how EU import tariffs on China-made BEVs may reshape the electrification 332 

pathway under multiple automaker response strategies, we further project EV adoption 333 

across EU countries and vehicle classes through 2035 by employing the New Energy 334 

and Oil Consumption Credit (NEOCC) model (see Methods). The NEOCC model is a 335 

transportation market dynamics quantification framework originally developed by Oak 336 

Ridge National Laboratory, which has been utilized to project the market shares of 337 

vehicle types, classes, and technologies under policy constraints23-25. The NEOCC-338 

based projections in this study do not impose EU fleet CO₂ compliance constraints, but 339 

the model allows to calculate annual fleet-wide CO₂ emissions and assess the gap 340 

between model outcomes and policy targets (details in Supplementary Note S3). 341 
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 342 

Under the BAU scenario, EV adoption accelerates steadily from 2025 onward, reaching 343 

46% by 2030 and 64% by 2035 at the EU20 level (Fig. 5A). Relative to this baseline 344 

trajectory, multiple automaker responses to the tariff induce pronounced divergences in 345 

electrification outcomes (Fig. 5B). Under the ADA scenario, EV adoption slows 346 

modestly, with the EU20 EV share projected to be 0.7% (low case), 1.2% (mid case), 347 

and 3.8% (high case) lower than BAU in 2035. By contrast, onshoring BEV production 348 

accelerates electrification, making the EV share by −0.1% (high case), +2.1% (mid 349 

case), and +4.5% (low case). These contrasting outcomes indicate that changes in EV 350 

adoption are not driven by the tariff in isolation, but by how automakers respond to the 351 

tariff shock. Tariffs combined with price pass-through tend to increase BEV prices and 352 

weaken EV competitiveness, thereby reducing adoption. By comparison, tariffs 353 

combined with production relocation remove tariff- and transport-related costs; for 354 

some models, these savings more than offset the assumed increase in production costs, 355 

leading to lower projected prices and TCOs and, in turn, higher EV uptake in certain 356 

markets. The WIT scenario generates more heterogeneous outcomes. If only foreign-357 

brand models produced in China (e.g., Dacia Spring, and Tesla Model 3) remain 358 

available, EV adoption increases by 3.2%. However, if all China-produced BEVs 359 

withdraw from the EU market, electrification is substantially hindered, with the EV 360 

share falling by 8.0%. 361 

 362 
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 363 

Fig. 5: EV share projections in twenty EU countries across ten vehicle classes. (A) Annual EV 364 

share projections from 2025 to 2035 under the BAU scenario. (B) Annual EV share differences 365 

compared to the BAU scenario across multiple scenarios and cases. (C) EV share projections across 366 

20 EU countries in 2025, 2030, and 2035 under the BAU scenario. (D) EV share differences 367 

compared to the BAU scenario across 20 countries under different scenarios and cases. (E) EV share 368 

projections across vehicle classes in 2025, 2030, and 2035 under the BAU scenario. (F) Projected 369 

EV share across vehicle classes in 2035 under various scenarios and cases. (G) Distribution of EV 370 

share difference compared to BAU in 2035 across various scenarios and cases. Several extreme 371 

segments are labeled. More details are shown in Supplementary Fig. S63 – S96. BAU: business as 372 

usual scenario; ADA: adapting to tariff scenario; ONS: onshoring BEV production scenario; WIT: 373 

withdrawing from the EU scenario; C1 – C5: mini, compact, mid-size, large, executive car; S2 – S5: 374 

compact, mid-size, large, executive SUV; SUV: sport utility vehicle; MPV: multi-purpose vehicle. 375 

Country names are described using ISO alpha-2 code, as detailed in Supplementary Table S4. 376 

 377 

At the national level, electrification trajectories remain highly divergent (Fig. 5C). 378 

Denmark, Sweden, Finland, and the Netherlands have already reached EV shares of 379 

over 50% and are projected to exceed 80% by 2035, whereas six countries are expected 380 
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to remain below 50% by 2035. These trajectories are further reshaped under multiple 381 

automaker response scenarios (Fig. 5D). Under the ADA scenario, Greece and Romania 382 

are the most affected markets, with EV shares in 2035 falling by 6.4% and 6.3% under 383 

the high case. Under the ONS scenario, electrification accelerates most strongly in 384 

Romania (+5.0%), Greece (+3.5%), and Ireland (+3.5%) under the mid case. The WIT 385 

scenario generates the most polarized outcomes. Under the mid case, EV adoption rises 386 

sharply in Greece (+9.3%), Italy (+6.0%), and Romania (+5.3%). By contrast, when all 387 

China-produced BEVs exit, these same countries experience the largest declines, led 388 

by Greece (−16.8%), and Romania (−14.9%).  389 

 390 

At the class level, electrification progresses most rapidly in larger vehicle segments, 391 

with C4, C5, S4, and S5 projected to reach around 80% EV share by 2035 (Fig. 5F). 392 

However, adoption trajectories diverge under multiple automaker response scenarios. 393 

Under the ADA scenario (mid case), EV shares decline in six of the ten classes. By 394 

contrast, the ONS scenario (mid case) accelerates adoption in five classes, with 395 

particularly strong gains in S2 (+5.7%), C5 (+5.1%), and MPV (+4.1%). Under the WIT 396 

scenario (low case), sharp declines already emerge in C5 (−14.1%), S5 (−5.1%), and 397 

MPV (−4.9%). These effects intensify under the mid case, where six classes exhibit EV 398 

share changes exceeding 5%, including strong contractions in C5 (−15.9%) and S5 399 

(−11.4%), alongside expansions in S2 (+12.9%). Under the high case, EV shares 400 

decline across all classes, with the largest reductions observed in C1 (−17.2%). 401 

 402 

Although average impacts on EV adoption remain moderate, large disparities emerge 403 

across individual market segments (Fig. 5G). Under the ADA scenario (high case), 404 

several segments experience strong reductions, including S2 in Romania (−9.7%), C5 405 

in Italy (−8.1%), and C3 in Greece (−8.0%). The ONS scenario exhibits a more 406 

dispersed distribution of outcomes, particularly under the low case. The largest declines 407 

occur in the MPV segment in Belgium (−18.0%), Austria (−17.0%), and Germany 408 

(−15.4%), while the strongest gains appear in S4 in Poland (+19.5%), C5 in Italy 409 

(+19.0%), and C1 in the Netherlands (+19.0%). The WIT scenario generates the most 410 
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extreme outcomes. Under the low case, nine segments experience EV share reductions 411 

exceeding 10%, led by C5 in Italy (−32.8%), Spain (−27.4%), and France (−27.2%). 412 

Moreover, the high case produces widespread contraction, with 50 out of 200 segments 413 

experiencing declines greater than 10%, including extreme losses in S2 in Romania 414 

(−69.4%), C3 in Greece (−50.0%), and C4 in Belgium (−46.3%). 415 

 416 

Discussion 417 

Together, these results show that although the average impact of EU import tariffs on 418 

EV adoption is moderate at the aggregate level, tariff-induced shocks generate highly 419 

uneven electrification outcomes across countries and vehicle classes. Adoption losses 420 

are concentrated in price-sensitive markets and segments that rely heavily on affordable 421 

China-produced BEVs, reflecting how tariff-induced cost increases interact with 422 

heterogeneous model portfolios and consumer price sensitivity to reshape market 423 

structure. 424 

 425 

This distributional dimension becomes particularly clear when electrification outcomes 426 

are examined alongside structural vulnerability indicators (Fig. 6). Small-to-medium 427 

vehicle classes (C1 – C3 and S2 – S3) and lower-income member states cluster in the 428 

low-adoption, high-affordability-constraint region, and experience larger relative 429 

adoption losses under multiple scenarios. Consumers of mini cars (C1) are the most 430 

cost-sensitive, with the lowest TCO at €33,514 among all vehicle classes. However, EV 431 

adoption in this class remains relatively weak, reaching only 58.9% by 2035, making it 432 

particularly vulnerable. The negative impact is more pronounced under policy stress: 433 

the EV share drops by 10.0% under the high case of the ADA scenario and by 17.2% 434 

under the high case of the WIT scenario. Similarly, Romania is identified as a 435 

vulnerable national market, where consumers have the second-lowest median income 436 

(€6,568) and an EV adoption rate of just 52.6% in 2035. These vulnerabilities are 437 

exacerbated under ADA and WIT responses. However, Romania stands to benefit 438 

substantially if automakers opt to onshore their EV production. These patterns highlight 439 

a potential tension between uniform trade interventions and the objective of an inclusive 440 
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electrification transition. 441 

 442 

 443 

Fig. 6: EV penetration against vulnerability indicators across countries and vehicle classes 444 

under various scenarios and cases. (A) Projected EV penetration in 2035 versus TCO in 2024H1 445 

at the vehicle class level under the BAU scenario. The red lines represent the sales-weighted average 446 

values of all countries and vehicle classes. (B) Projected EV share difference compared to BAU in 447 

2035 versus TCO in 2024H1 at the vehicle class level under the ADA, ONS and WIT scenario. (C) 448 

Projected EV penetration in 2035 versus median household disposable income in 2024H1 at the 449 

national level under the BAU scenario. The red lines represent the sales-weighted average values of 450 

all countries and vehicle classes. (D) Projected EV share difference compared to BAU in 2035 451 

versus median household disposable income in 2024H1 at the national level under the ADA, ONS 452 

and WIT scenario. ADA: adapting to tariff scenario; ONS: onshoring BEV production scenario; 453 

WIT: withdrawing from the EU scenario; C1 – C5: mini, compact, mid-size, large, executive car; 454 

S2 – S5: compact, mid-size, large, executive SUV; SUV: sport utility vehicle; MPV: multi-purpose 455 

vehicle. Country names are described using ISO alpha-2 code, as detailed in Supplementary Table 456 

S4. 457 

 458 

Recognizing these vulnerable markets, tariff policy needs to be embedded with a 459 

broader policy framework that reconciles industrial objectives with distributional 460 

considerations. In small-to-medium classes, China-produced BEVs retain a cost 461 

advantage, in part due to their extensive use of low-cost LFP batteries, a technology in 462 
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which EU automakers lag26. In the absence of complementary measures, uniform tariff 463 

application in these markets risks weakening affordability. Mitigation strategies could 464 

focus on strengthening the competitiveness of EU based supply chain, including 465 

accelerated onshoring of LFP battery production, and the strategic use of tariff revenues 466 

to support incentives for consumers in vulnerable countries and classes purchasing EU-467 

produced BEVs. The EU’s consideration of recycling tariff income into EV subsidies 468 

points in this direction27,28, but a more explicitly distribution-aware design is essential 469 

to ensure that trade policy and electrification objectives remain mutually reinforcing. 470 

 471 

Automakers’ responses are shaped not only by tariff policy, but also by the broader 472 

regulatory and industrial environment. Our results indicate that onshoring BEV 473 

production represents the most cost-effective strategy, with the potential to lower 474 

transition costs while supporting EU’s manufacturing base. However, the current EU 475 

policy environment does not yet appear fully aligned with this objective. For example, 476 

Farasis Energy, a leading battery manufacturer in China, has proposed a 10 GWh 477 

battery production facility in Saxony-Anhalt, Germany, serving an expansion of local 478 

production capacity29. Yet regulatory hurdles, including land-use approval delays and 479 

concerns over supply chain security, have stalled the project for over three years30. 480 

While not all onshoring initiatives face similar barriers, for instance, the investments 481 

and construction projects by BYD and CATL in Hungary are progressing successfully, 482 

such frictions illustrate how regulatory uncertainty and permitting constraints can 483 

weaken investment incentives in strategically important segments of the EV value chain. 484 

Given the projected electrification gains from onshoring, closer alignment between 485 

trade policy and industrial policy could play a critical role in realizing cost-effective 486 

electrification while strengthening EU’s domestic EV supply base. 487 

 488 

The WIT scenario, in which China-produced BEVs become less available in the EU 489 

market under a more restrictive external environment, is intended as a stress-test of 490 

market disruption rather than a prediction of near-term firm exit. Since the introduction 491 

of the additional tariffs, limited progress in EU-China negotiations and retaliatory trade 492 
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measures have increased political and commercial uncertainty31,32. In this context, 493 

several automakers and battery suppliers have begun to reassess their European 494 

investment strategies33,34. From a transition perspective, such dynamics raise concerns 495 

about the resilience of Europe’s electrification pathway. Our results indicate that China-496 

produced BEVs play an important role in several price sensitive and lower-income 497 

markets, where affordable models are essential for sustaining adoption momentum. If 498 

broader trade, regulatory, or geopolitical disruptions were to reduce the availability of 499 

these models, the resulting supply contraction could not only reshape market structure, 500 

but also slow electrification precisely where progress is already fragile. These findings 501 

highlight the importance of confidence-building measures that preserve investment 502 

incentives and supply-chain continuity during the transition. Potential approaches 503 

include joint ventures between global and EU automakers to strengthen local value 504 

chains, clearer regulatory guidance for overseas manufacturers, and more structured 505 

dialogue between industry and EU institutions to reduce policy uncertainty35. More 506 

broadly, maintaining a predictable and cooperative trade environment may be an 507 

important condition for ensuring that electrification proceed in a stable and resilient 508 

manner. 509 

 510 

In addition, Price undertaking arrangements have recently been introduced as an 511 

alternative to tariff-based measures in the EU–China EV trade context, reflecting a 512 

broader evolution in trade policy instruments36. While such arrangements are 513 

conceptually distinct from the automaker response strategies, their potential 514 

implications for electrification outcomes are assessed in the Supplementary Note S5. 515 

The EU’s Fit for 55 packages also requires manufacturers to meet fleet-wide emission 516 

targets by 2035. As the 2035 target of 90% reduction on fleet emissions is not reached 517 

under any scenario, additional policies and incentives that support EV adoption in the 518 

EU will also be necessary to advance electrification (Supplementary Note S3). 519 

 520 

This study is subject to several limitations. First, our analysis adopts a scenario-based 521 

framework to explore plausible automaker response strategies rather than to predict 522 
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firm-level decisions, which will ultimately depend on evolving market, regulatory, and 523 

geopolitical conditions. Second, while our adoption projections capture dynamic 524 

interactions between ownership costs and consumer choice, future policy adjustments, 525 

such as changes in purchase incentives or CO₂ standards, could alter electrification 526 

trajectories beyond the scope of this study. Third, the market diffusion analysis focuses 527 

on new passenger vehicle sales and does not explicitly account for secondhand vehicle 528 

markets, which may moderate observed EV penetration in some countries (see 529 

Supplementary Note S6)37. Finally, our focus is on consumer affordability and adoption 530 

outcomes, rather than on the full system-wide implications of trade policy for lifecycle 531 

emissions and supply-chain transformation. These limitations could be addressed in 532 

future studies. 533 

 534 

 535 
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Methods 536 

Definitions 537 

Tariff scope and applicability. According to the EU tariff regulation, the product 538 

concerned is new BEVs, principally designed for the transport of nine or fewer persons, 539 

propelled solely by one or more electric motors38. Therefore, the analysis focuses on 540 

vehicles classified in the M1 category, aligning with the scope of the EU’s anti-subsidy 541 

investigation38,39. 542 

 543 

Determining Vehicle Production Origin. The additional tariff is applied to BEVs 544 

produced in China. We determine the production locations of BEV models by collecting 545 

automakers’ production information via MarkLines database4. Given the complexity of 546 

the global supply chain, there are BEV models that have multiple production sites. For 547 

these models, we examine their production capacity via official website and make the 548 

following assumptions: (I) for models with production capacity in both China and the 549 

EU (e.g., BMW i5), the EU-sold vehicles are assumed to be primarily produced in the 550 

EU, and free from the tariff; (II) for models with production capacity in both China and 551 

other countries beyond the EU (e.g., Tesla Model 3), we trace the actual supply chain 552 

relationship to determine their subjection to the tariff. The list of models subject to the 553 

additional tariff is provided in Supplementary Table S10. 554 

 555 

Vehicle segmentation and classification. In this study, passenger vehicles are divided 556 

into three main types (cars, SUVs, and MPVs). Cars and SUVs are further divided into 557 

five classes according to vehicle wheelbase, i.e., mini (less than 2450 mm), compact 558 

(2450 mm – 2600 mm), mid-size (2600 mm – 2750 mm), large (2750 mm – 2900 mm), 559 

and executive (more than 2900 mm). Due to the negligible sales, mini SUVs are not 560 

covered in the analysis. MPVs are not further divided due to the largely consistent size 561 

within this vehicle type. Above all, we categorize passenger vehicles into ten vehicle 562 

classes (5 for cars, 4 for SUVs, and 1 for MPVs), as detailed in Supplementary Tables 563 

S11. The vehicle models covered in the vehicle classes are shown in Supplementary 564 

Table S12. 565 
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 566 

Data sources 567 

Vehicle sales. Vehicle sales are obtained from the MarkLines database4, which provides 568 

country-level, monthly vehicle sales records. Out of the 27 EU countries, data are 569 

available for 23 countries, with data for Cyprus, Malta, Latvia, and Lithuania 570 

unavailable. In addition, for Croatia, Luxembourg, and Hungary, the database only 571 

reports EV sales for Tesla and unknown brands, which is insufficient to support the 572 

analysis. Thus, these seven countries are excluded from the analysis. For reasons 573 

discussed in the main text, we retrieve sales data for the first half of 2024 as the baseline 574 

for analysis. 575 

 576 

Vehicle retail price. The manufacturer’s suggested retail prices of vehicle models are 577 

sourced from Chinese20 and EU19,40 online databases. For one BEV model, there are 578 

typically multiple trims with varying performances (such as, range capacity, 579 

horsepower, hardware and software configurations) and prices. For comparability, we 580 

consistently use the medium-performance trim’s retail price as the basis for analysis. In 581 

addition, the exchange rates are based on the average value during the first half of 2024, 582 

listed in Supplementary Table S13. 583 

 584 

TCO-related data. We compile a wide range of data sources to support the TCO 585 

estimation. The details are introduced in the total cost of ownership section. 586 

 587 

Scenarios and cases design and related price change prediction 588 

ADA scenario. In this context, we characterize a feasible price-adjustment space 589 

bounded by two economic constraints41. The lower bound corresponds to a zero-profit 590 

continuation condition, under which automakers price their vehicles at variable cost in 591 

order to remain in the market under intense competitive pressure. The upper bound 592 

corresponds to full tariff pass-through, whereby the entire tariff burden is shifted to 593 

consumers. Between these bounds, intermediate adjustment paths reflect partial pass-594 

through under heterogeneous demand and competitive conditions. We therefore 595 
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construct three cases to span this response space. In the low case, prices are adjusted 596 

only when the post-tariff variable cost exceeds the current price. In the high case, prices 597 

increase by the full amount of the tariff-induced cost increment. In the mid case, prices 598 

adjust to the average of the variable-cost threshold and the full pass-through price 599 

whenever this exceeds the current price. Variable costs are proxied using automaker-600 

level operating cost shares derived from financial statements, providing a conservative 601 

benchmark for long-run pricing constraints. 602 

 603 

Price adjustments are driven by the interaction between tariff-induced cost increases 604 

and model-specific variable cost structures. We construct three cases that span the 605 

feasible price-adjustment space under competitive and cost constraints. Detailed 606 

parameter values and data sources ranges are reported in Supplementary Note S2. 607 

 608 

In the low case, prices are bounded by a zero-profit continuation condition, under which 609 

automakers adjust prices only when the post-tariff variable cost exceeds the current EU 610 

retail price. The projected price is determined by equation (1). 611 𝑃𝐴𝐷𝐴,𝑙𝑜𝑤 = max(𝑃𝐸𝑈, 𝑃𝑉𝐶) (1) 

where, 612 𝑃𝐴𝐷𝐴,𝑙𝑜𝑤 is the projected retail price under the ADA low case (€); 613 𝑃𝐸𝑈 is the pre-tariff retail price in EU market (€); 614 𝑃𝑉𝐶  is the post-tariff variable-cost threshold price in the EU market (€). 615 

 616 

The post-tariff variable-cost threshold price is calculated in equation (2). 617 𝑃𝑉𝐶 = 𝑃𝐶𝑁 × 𝜔𝑉𝐶 + 𝐶𝐼𝑛𝑠 + 𝐶𝐹𝑟𝑒 + 𝐶𝑇𝑎𝑟 (2) 

where, 618 𝑃𝐶𝑁 is the Chinese-market retail price (€); 619 𝜔𝑉𝐶 is the variable cost share inferred from automaker financial statements (%); 620 𝐶𝐼𝑛𝑠 is the insurance cost (€); 621 𝐶𝐹𝑟𝑒 is the freight cost (€); 622 𝐶𝑇𝑎𝑟 is the tariff amount (€). 623 
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 624 

The tariff amount is calculated in equation (3). 625 𝐶𝑇𝑎𝑟 = (𝑃𝐶𝑁 + 𝐶𝐼𝑛𝑠 + 𝐶𝐹𝑟𝑒) × 𝑞𝑇𝑇 (3) 

where, 626 𝑞𝑇𝑇 is the total tariff rate, including 10% basic tariff and additional tariff (%). 627 

 628 

In the high case, tariffs are assumed to be fully passed through to consumers. The 629 

projected price is determined by equation (4). 630 𝑃𝐴𝐷𝐴,ℎ𝑖𝑔ℎ = 𝑃𝐸𝑈 + (𝑃𝐶𝑁 + 𝐶𝐼𝑛𝑠 + 𝐶𝐹𝑟𝑒) × 𝑞𝐴𝑇 (4) 

where, 631 𝑃𝐴𝐷𝐴,ℎ𝑖𝑔ℎ is the projected price under the ADA high case (€); 632 𝑞𝐴𝑇 is the additional tariff rate (%). 633 

 634 

In the mid case, prices follow an intermediate adjustment path between the zero-profit 635 

floor and full pass-through ceiling. The projected price is shown in equation (5). 636 𝑃𝐴𝐷𝐴,𝑚𝑖𝑑 = max (𝑃𝐸𝑈 , 𝑃𝑉𝐶 + 𝑃𝐴𝐷𝐴,ℎ𝑖𝑔ℎ2 ) (5) 

where, 637 𝑃𝐴𝐷𝐴,𝑚𝑖𝑑 is the projected price under ADA mid case (€). 638 

 639 

ONS scenario. To parameterize the cost implications of production relocation, we draw 640 

on both industry estimates and observed cross-market price differentials. According to 641 

an investigation by United Bank of Switzerland (UBS), relocating BEV production 642 

from China to the EU is expected to increase production costs by 25%42,43. Consistent 643 

with this assessment, we compare prices of 18 BEV models sold by domestic 644 

manufacturing in both the Chinese and EU markets, using the observed price 645 

discrepancies as a proxy for production cost variation19,20. This comparison yields an 646 

average price difference of 20% (Supplementary Table S7), aligning closely with UBS’s 647 

estimation. 648 

 649 
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Based on these benchmarks, we define three cases to reflect uncertainty around the 650 

magnitude of onshoring cost increases. In the mid case, onshoring raises production 651 

costs and hence prices to 120% of their Chinese market prices. The low and high cases 652 

assume price increases of 10% and 30%, respectively, capturing a plausible range of 653 

outcomes around the central estimate. We parameterize the resulting price change using 654 

observed cross-market price differentials as a proxy for production cost differences. 655 

The projected EU retail price under onshoring is given by equation (6). 656 𝑃𝑂𝑁𝑆,𝑐𝑎𝑠𝑒 = 𝑃𝐶𝑁 × (1 + 𝛼𝑐𝑎𝑠𝑒) (6) 

where, 657 𝑃𝑂𝑁𝑆,𝑐𝑎𝑠𝑒 is the projected price under the ONS scenario (€); 658 𝛼𝑐𝑎𝑠𝑒 is the assumed production cost differential, set to 10%, 20%, and 30% for the 659 

low, mid, and high cases, respectively. 660 

 661 

WIT scenario. Rather than representing a prediction of firm-level market exit, the WIT 662 

scenario is designed as a stress-test to examine how electrification outcomes would 663 

change if the availability of China-produced BEVs in the EU market is reduced under 664 

a more restrictive external environment. Given the heterogeneity in ownership 665 

structures, production networks, and strategic positioning across automakers, we also 666 

construct three cases to capture progressively more restrictive levels of market 667 

availability. In the low case, only purely domestic Chinese brands (e.g., BYD and 668 

GWM) are assumed to become unavailable in the EU market. In the mid case, 669 

withdrawal extends to brands that have been partially or fully acquired by Chinese firms 670 

(e.g., MG and Volvo). In the high case, market exit further encompasses foreign 671 

automakers whose BEVs are primarily manufactured in China for export to the EU, 672 

such as Tesla and BMW. 673 

 674 

Total cost of ownership 675 

The TCO is defined as the discounted lifetime costs incurred by a vehicle owner over 676 

the service life of the vehicle21,22. In this study, TCO is estimated for both BEVs and 677 

PHEVs, capturing their respective cost structures over the ownership period. Typically, 678 
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TCO comprises depreciation, taxes, energy, insurance, and repair & maintenance costs. 679 

Depreciation reflects the loss of value over the operational lifetime. Taxes include one-680 

off purchase taxes (e.g., value-added tax (VAT), registration and license fees) and 681 

recurring ownership-related taxes (e.g., road tax, inspection tax). Energy costs capture 682 

the cost of electricity consumption for BEVs, and the cost of both electricity and fuels 683 

for PHEVs. Insurance is compulsorily required and typically determined by vehicle 684 

retail price. Repair & maintenance cost represents the cost of repairing and replacing 685 

components over a vehicle’s lifetime. The TCO calculation is shown in equation (7). 686 

 687 

𝑇𝐶𝑂 = 𝐶𝐷𝑃 + 𝐶𝑇0 + 𝐶𝐼𝑆 + 𝐶𝑅𝑀 +∑ 𝐶𝑇𝑡 + 𝐶𝐸𝐶(1 + 𝐷𝑅)𝑡𝐿𝑆
𝑡=0  (7) 

where, 688 𝐶𝐷𝑃 is the depreciation cost (€); 689 𝐶𝑇0 is the one-off purchase tax (€); 690 𝐶𝐼𝑆 is the insurance cost (€); 691 𝐶𝑅𝑀 is the repair & maintenance cost (€); 692 𝐶𝑇𝑡 is the annual recurring tax (€/yr); 693 𝐶𝐸𝐶 is the annual energy cost (€/yr); 694 𝐿𝑆 is the assumed vehicle lifespan (yr); 695 𝐷𝑅 is the discount rate (%). 696 

 697 

Depreciation cost is estimated as the difference between the purchase price and the end-698 

of-life residual value, based on the AFLEET model44. Taxes are calculated according to 699 

ACEA’s Tax Guide, which provides country-specific vehicle taxation and incentive 700 

schemes across the EU45,46. Insurance and repair & maintenance costs are estimated by 701 

referring to the Car Cost Index report by LeasePlan in 2018, which provides TCO 702 

estimations across EU countries with a detailed cost breakdown47. The discount rate is 703 

determined by 5% under the baseline, based on the existing TCO assessment targeting 704 

Europe. See Supplementary Table S14 – S16 for detailed information. 705 

 706 
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Energy cost is calculated based on vehicle use intensity and the energy consumption 707 

under the Worldwide Harmonized Light Vehicle Test Procedure (WLTP) cycle, which 708 

is the standard fuel and electricity consumption testing protocol in the EU. Electricity 709 

and fuel prices are distinguished by country and the charging location (household or 710 

public). The calculation is shown in equation (8). 711 

 712 

𝐶𝐸𝐶 = 𝐷 × (𝐸𝐶 × (𝑝𝑒𝑙,ℎℎ × 𝜏ℎℎ + 𝑝𝑒𝑙,𝑝𝑏 × (1 − 𝜏ℎℎ))𝜂𝑐ℎ + 𝐹𝐶 × 𝑝𝑓𝑢𝑒𝑙) (8) 

where, 713 𝐷 is the annual vehicle use intensity (km/yr); 714 𝐸𝐶 is the electricity consumption rate under the WLTP cycle (kWh/km); 715 𝑝𝑒𝑙,ℎℎ is the household electricity price (€/kWh); 716 𝑝𝑒𝑙,𝑝𝑏 is the public charging electricity price (€/kWh); 717 𝜏ℎℎ is the share of household charging (%); 718 𝜂𝑐ℎ is the charging efficiency (%); 719 𝐹𝐶 is the fuel consumption rate under WLTP cycle (L/km); 720 𝑝𝑓𝑢𝑒𝑙 is the fuel price (€/L). 721 

 722 

The electricity and fuel consumption rate are sourced from an online database, and the 723 

fuel consumption for BEVs is set at zero48. The vehicle use intensity is from 724 

carVertical49 (Supplementary Table S17). The country- and year-specific electricity and 725 

fuel prices are sourced from the EU Commission50 (Supplementary Table S18 – S19). 726 

The ratio of charging in households is assumed to be 80% following previous empirical 727 

studies51. The charging efficiency is assumed to be 90%52. 728 

 729 

EV share projection 730 

To translate tariff-induced changes TCO into market adoption dynamics, we employ 731 

the New Energy and Oil Consumption Credit (NEOCC) model, a transportation market 732 

dynamics quantification framework originally developed by Oak Ridge National 733 

Laboratory. 734 
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 735 

The NEOCC model integrates the discrete choice method with the genetic algorithm to 736 

quantify and project the market share of vehicle types, classes, and technologies under 737 

policy constraints, while accounting for the dynamics interactions among refueling 738 

infrastructure development, technological evolution and consumer preferences. In this 739 

study, we implement NEOCC as a three-level nested logit model, in which consumers 740 

choose sequentially across vehicle type, powertrain, and vehicle class. Within this 741 

framework, changes in TCO enter the utility function directly and are translated into 742 

changes in market share through the nested choice structure. In addition to TCO, we 743 

calibrate an “other cost” term to capture implicit and hard-to-quantify factors affecting 744 

vehicle choice. The calibration aims to minimize the discrepancy between simulated 745 

and observed market shares, and the resulting root mean square errors (RMSEs) are 746 

below 0.002 across all calibrated years. 747 

 748 

In this study, the NEOCC model is adapted to the EU passenger vehicle market and 749 

calibrated using country-level sales data and TCO estimates for BEVs and PHEVs from 750 

2019 to 2025. Based on the assumed automaker response scenarios from 2026 onward, 751 

the model is then used to simulate market dynamics through 2035 under multiple 752 

scenarios. Market structure and technology shares in 2023 – 2025 are used to initialize 753 

the baseline conditions. The projected EV shares therefore refer to new passenger 754 

vehicle market shares, rather than the full vehicle stock or all car acquisition channels 755 

in each country. Detailed model structure, calibrated sensitivity parameters, and 756 

projection inputs are provided in Supplementary Note S4. 757 
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