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The article assesses life-cycle greenhouse gas emissions of internal combustion engine vehicles 
and battery electric vehicles including emissions from production, operation, maintenance, 
battery replacement and disposal. The author uses data on the carbon intensity of electricity 
generation in the European Union, USA and China – leaders in global energy transition – to 
estimate greenhouse gas emissions from the operation of electric vehicles taking into account 
electricity losses in the grid and during charging. It is shown that low-emission European 
electricity generation allows electric vehicles to achieve a level of greenhouse gas emissions 
over their life cycle that is lower than that of traditional internal combustion engine vehicles 
even with battery replacement and vehicle disposal, but at the same time, in terms of technical 
characteristics, electric vehicles are inferior to their counterparts. In the USA, due to the 
displacement of coal generation by gas, the carbon intensity of electricity has decreased, 
therefore, the use of electric vehicles leads to a decrease in emissions with an exclusion of 
battery replacement and disposal, but considering the latter, the volume of emissions is already 
comparable. Moreover, with the same technical characteristics, the emissions of electric 
vehicles will be significantly higher. In China, the dominance of carbon-intensive coal-fired 
power generation means that EV emissions are always higher than those of combustion engine 
vehicles. With the Chinese government planning to peak coal power generation around 2025, 
emissions from China’s electric power sector will certainly remain high for the next decade. The 
Chinese EV market remains the largest in the world, so the overall promotion of EVs is leading 
to an overall increase in global greenhouse gas emissions. As China’s electric power sector 
decarbonizes and shifts to new types of batteries that come with fewer emissions during their 
production and disposal, EVs’ greenhouse gas emissions will reduce. China is still only building 
the industry and infrastructure needed for the energy transition. At the same time, EV sales in 
Europe as a whole are stagnating due to the reduction of government support in Norway and 
the end of subsidies in Germany. 

Keywords: greenhouse gas emissions, China, USA, European Union, battery electric 
vehicles, battery, disposal. 
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В статье проведена оценка выбросов парниковых газов в течение жизненного 
цикла автомобилей с двигателем внутреннего сгорания и электромобилей (только с 
электродвигателем) с учетом выбросов при производстве, эксплуатации, обслуживании, 
замене батареи и утилизации. Автор на основе данных по углеродоемкости 
генерации электроэнергии в странах – лидерах мирового энергоперехода – США, 
Европейском союзе и Китае – оценивает выбросы парниковых газов при эксплуатации 
электромобилей с учетом потерь электроэнергии в сетях и при зарядке. Показано, 
что низкоэмиссионная европейская электроэнергетика позволяет достичь 
электромобилям объема выбросов парниковых газов в течение жизненного цикла 
меньшего, чем у традиционных автомобилей с двигателем внутреннего сгорания 
даже с учетом замены батареи и утилизации автомобиля, но при этом по техническим 
характеристикам электромобили уступают автомобилям с двигателем внутреннего 
сгорания. В США благодаря вытеснению угольной генерации газовой углеродоемкость 
электроэнергии снизилась в достаточной мере, чтобы использование электромобилей 
привело к снижению выбросов без учета замены и утилизации батареи, но с учетом 
последних объем выбросов уже сравним. Более того, при одинаковых технических 
характеристиках выбросы у электромобилей будут значимо больше. В Китае из-за 
доминирования углеродоемкой угольной генерации выбросы при использовании 
электромобилей всегда больше по сравнению с автомобилями с двигателем внутреннего 
сгорания. С учетом планов китайского правительства достичь пика угольной генерации 
около 2025 г. выбросы в электроэнергетике Китая в ближайшее десятилетие останутся 
на высоком уровне. Китайский рынок электромобилей остается самым большим в 
мире, поэтому в целом продвижение электромобилей приводит к глобальному росту 
выбросов парниковых газов. По мере деуглеродизации китайской электроэнергетики 

mailto:sinitsyn%40imemo.ru?subject=
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и перехода на новые типы аккумуляторов, с меньшими выбросами при производстве и 

утилизации, эксплуатация электромобилей приведет к снижению выбросов парниковых 
газов. Китай пока только создает промышленность и инфраструктуру, необходимые для 
энергоперехода. В то же время в Европе в целом продажи электромобилей стагнируют из-
за сокращения государственной поддержки электромобилей в Норвегии и прекращения 
субсидирования их покупок в Германии. 

Ключевые слова: выбросы парниковых газов, Китай, США, Европейский союз, 
электромобили, батарея, утилизация.
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INTRODUCTION

The widespread use of electric vehicles in road transport, along with the promotion 
of renewables in the power industry, is the main direction of the energy transition. 
Since 2019, electric vehicles sales have accelerated: in absolute terms increased by 6.6 
times in 2019–2023 and exceeded 13.8 million units in 2023, in 2024 sales reached 17.1 
million units (Fig. 1). China, Europe and the United States remain the main markets, 
accounting for 93% of global sales of light electric vehicles, with China alone accounting 
for more than half. In Europe around 3.2 mln electric cars were sold in 2024 – fewer 
than the year before, due to the end of purchase subsidies in Germany in December 
20231 and the winding down of state support in Norway: from January 2023, owners of 
electric cars must pay road tax, and tax breaks for dealers have been reduced2. Despite 
the introduction of German national emissions trading system (nEHS) covering petroleum 
products in the transport sector, where the price of a ton of CO2 reached US$45  
in 2024 [1], electric vehicles remain uncompetitive without stimulating government support.

Figure 1. Dynamics of Passenger Electric Vehicles’ Sales, mln  

	 Sources: based on the data of IEA3, and  evboosters.com4.

1 Global EV Outlook 2024. International Energy Agency. 2024. Available at: https://iea.blob.core.windows.net/assets/a9e3544b-0b12-4e15-
b407-65f5c8ce1b5f/GlobalEVOutlook2024.pdf (accessed 04.04.2025).
2 Marx W. Norway Struggles to Pull the Plug on EV Subsidies. Bloomberg, 26.07.2023. Available at: https://www.bloomberg.com/news/
articles/2023-07-26/norway-pulls-the-plug-on-ev-tax-incentives-and-subsidies (accessed 04.04.2025).
3 Global EV Outlook 2024…
4 Overall Results Global EV Sales 2024. Evboosters.com, 15.01.2025. Available at: https://evboosters.com/ev-charging-news/overall-results-
global-ev-sales-2024 (accessed 04.04.2025).

https://iea.blob.core.windows.net/assets/a9e3544b-0b12-4e15-b407-65f5c8ce1b5f/GlobalEVOutlook2024.pdf
https://iea.blob.core.windows.net/assets/a9e3544b-0b12-4e15-b407-65f5c8ce1b5f/GlobalEVOutlook2024.pdf
https://www.bloomberg.com/news/articles/2023-07-26/norway-pulls-the-plug-on-ev-tax-incentives-and-subsidies
https://www.bloomberg.com/news/articles/2023-07-26/norway-pulls-the-plug-on-ev-tax-incentives-and-subsidies
https://evboosters.com/ev-charging-news/overall-results-global-ev-sales-2024
https://evboosters.com/ev-charging-news/overall-results-global-ev-sales-2024
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А LITERATURE REVIEW

The issue of assessing greenhouse gas (GHG) emissions is highly relevant due to the 
rapid growth of the electric vehicle market and the policy of government regulators to build a 
low-carbon paradigm of economic growth. A large number of studies are devoted to assessing 
GHG emissions during the life cycle of batteries (a review of studies is presented in [2]), during 
the production of electric vehicles and vehicles with internal combustion engines (ICE) and 
their operation in China (for a review of studies, see [3; 4]), India [5] and Europe (see [6]). A 
review of the most recent studies is presented in [7; 8]. An assessment of greenhouse gas 
emissions taking into account forecasts for changes in the structure of electricity generation 
for the largest countries in the world in 2030 is carried out in [9].

The overall conclusion of the abovementioned studies is that the production of an electric 
vehicle is associated with higher GHG emissions than a traditional internal combustion engine 
vehicle, due to the high energy and carbon intensity of battery production and the mining 
and production of the metals they are made of. Greenhouse gas emissions can only be offset 
by electricity generation being less carbon intensive than petroleum products. In European 
countries, due to the promotion of low-emission sources (primarily renewables), emissions 
in the power industry are low enough (especially in Norway) to offset GHG emissions from 
battery production. In China, greenhouse gas emissions from electric vehicles are currently 
higher than those from ICEV. However, taking into account the forecast for changes in the 
power generation structure, even in China, emissions from electric vehicles, excluding battery 
recycling, will be 37% lower than those from internal combustion engine vehicles5. Emissions 
from the production of small electric vehicles are lower (they grow non-linearly quickly with 
the increase of battery size) than those of mid-size ICE vehicles. Taking into account lower 
electricity consumption with a small battery, emissions from electric vehicles will be lower 
even with a relatively high share of coal generation in China as a whole (with recycling [4]) 
or in individual Chinese provinces [10]. Studies in Brazil have shown that, due to the use of 
ethanol, Flexible Fuel Vehicles produce fewer GHG emissions over the life cycle than electric 
vehicles even with low-emission power generation [11].

The vast majority of studies traditionally assume that a vehicle is used for 8-10 years 
(total mileage of 150 thousand km) [7], but in developed countries the average service life of a 
car has increased rapidly in recent decades, for example, in the USA it has grown from 8 years 
in 1995 to 13 years in 20226. It is advisable to consider the option of longer operation – with a 
mileage of up to 200 thousand km, but in this case greenhouse gas emissions will be higher, 
since the battery will need to be replaced and disposed. Disposal involves disassembling 
the car and battery and recycling the materials. The energy consumption (and, therefore, 
emissions) for disassembling an electric car and a traditional car are approximately equal [10], 
and electricity, coal and natural gas for recycling battery materials greatly depend on its type 
and recycling method. The dominant NMC battery is being replaced by LFP, and sodium-ion 
and solid-state batteries are developing rapidly.

Comparison of emissions should be made for vehicles with identical technical 
characteristics, such as the VW Golf and eGolf [6], but there are no such analogues for most 
electric vehicles. Moreover, in terms of the most important parameter – the average range – 
electric vehicles are significantly inferior to traditional cars. According to the International 
Energy Agency (IEA), in 2019–2023, the average range of electric vehicles increased only from 
297 km to 338 km, which is less than both the value desired by buyers and the average mileage 
of a car with an internal combustion engine (Fig. 2). In [4], BYD Qin is compared: an electric 
vehicle with a range of up to 90 km and a car with a range of up to 800 km, in [10] BYD Qin 
with a range of up to 90 km and Volkswagen Lavida with a range of up to 845 km. The problem 

5 Bieker G. A Global Comparison of the Life-Cycle Greenhouse Gas Emissions of Combustion Engine and Electric Passenger Cars. The International 
Council on Clean Transportation. 2021. Available at: https://theicct.org/sites/default/files/publications/Global-LCA-passenger-cars-jul2021_0.
pdf (accessed 04.04.2025).
6 See: Average Age of Automobiles and Trucks in Operation in the United States. Bureau of Transportation Statistics. 2015. Available at: https://
www.bts.gov/archive/publications/national_transportation_statistics/table_01_26 (accessed 04.04.2025); U.S. Average Vehicle Age, 1970–
2020. Oak Ridge National Laboratory. 2022. Available at: https://tedb.ornl.gov/wp-content/uploads/2022/03/TEDB_Ed_40.pdf#page=90 
(accessed 04.04.2025).

https://theicct.org/sites/default/files/publications/Global-LCA-passenger-cars-jul2021_0.pdf
https://theicct.org/sites/default/files/publications/Global-LCA-passenger-cars-jul2021_0.pdf
https://www.bts.gov/archive/publications/national_transportation_statistics/table_01_26
https://www.bts.gov/archive/publications/national_transportation_statistics/table_01_26
https://tedb.ornl.gov/wp-content/uploads/2022/03/TEDB_Ed_40.pdf%23page%3D90
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of comparison by technical characteristics can be solved by using special integral indicators, 

such as in [12]. This study shows that in Norway, the trend greenhouse gas emissions of EVs 
are lower than those of non-EVs, while in the UK they are similar.

Figure 2. Cruising Range of Battery, km 

	 Sources: based on the data of IEA7, McKinsey 8 and World Economic Forum9.

METHODOLOGY

The methodology is based on the algorithm proposed by [12]: vehicles are compared by 
the integral indicator and emissions during the life cycle. SRPR (Square Root of Power and Range), 
which takes into account engine power and range (critical for buyers of electric cars) [12], was 
chosen as the integral indicator of the technical characteristics of cars for the study:

where SRPRi – Square Root of Power and Range vehicle i, Poweri – engine power, Rangei – range.

Main parameters of the vehicles analyzed in the study are presented in Table 1.

Table 1. Main Parameters of Vehicle Models

Vehicle model Power, kW Range, km SRPR Energy Consumption 
Rate,  MJ/km

Internal combustion engine vehicle

Toyota Prius 100 1067 1.46 1.37

Honda Insight 80 1160 1.37 1.1

Nissan Qashqai Diesel 81 1437 1.53 1.33

VW Golf Diesel 81 1211 1.4 1.44

VW Golf Petrol 103 1000 1.44 1.51

Electric vehicle

BMW i3 125 183 0.68 0.64

7 Global EV Outlook 2024…
8 Mobility Consumer Pulse 2024 Overview. McKinsey, 2024. Available at: https://executivedigest.sapo.pt/wp-content/uploads/2024/06/
Mobility-Consumer-Pulse-2024_Overview.pdf (accessed 04.04.2025).
9 Dror M.B., Ezer O. We Need to Invest in Infrastructure for Electric Vehicles: Here’s Why. World Economic Forum. 01.03.2022. Available at: https://
www.weforum.org/agenda/2022/03/why-invest-infrastructure-electric-vehicles (accessed 04.04.2025).

https://executivedigest.sapo.pt/wp-content/uploads/2024/06/Mobility-Consumer-Pulse-2024_Overview.pdf
https://executivedigest.sapo.pt/wp-content/uploads/2024/06/Mobility-Consumer-Pulse-2024_Overview.pdf
https://www.weforum.org/agenda/2022/03/why-invest-infrastructure-electric-vehicles
https://www.weforum.org/agenda/2022/03/why-invest-infrastructure-electric-vehicles
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А Chevrolet Bolt 150 383 1.07 0.64

Ford Focus E 105 185 0.62 0.70

Hyundai Ioniq E 88 200 0.59 0.55

Nissan Leaf 80 172 0.52 0.67

Tesla S 60D 279 384 1.46 0.72

Sources: author’s estimates based on the data of [12], drom.ru10 (VW Golf Petrol). 

Vehicles are compared based on GHG emissions per kilometer travelled (2). Life-cycle GHG emissions 
are calculated as the sum of emissions from production, vehicle operation (combustion of petroleum fuels / 
power generation mix), battery replacement and disposal (3).

where EmissionPerKmij – all life CO2 emission rate vehicle 
i in state j, g/km, TotalEmissionsij – all life CO2 emission,  
ProductionEmi – production emissions, FuelEmij – emission rate from combustion of petroleum 
fuels / power generation mix, ReplacementEmi

BEV – emissions from replacing an electric vehicle 
battery, MaintenaceEmi

ICEV – ICEV maintenance emissions, UtilisationEmi – disposal emissions,  
Rangei – range, FuelConsumptionij

m – energy rate BEV or ICEV, Lossesj – losses in power grids 
(%), ChargeLossesi – electric vehicle charging losses (%), FuelEmissionij – CO2 fuel emission 
rate from combustion of petroleum fuels / power generation mix, Emissionj

n – CO2 fuel 
emission, Consumptionj

n – fuel consumption.

Greenhouse gas emissions from vehicle production, fuel consumption per km traveled 
and losses during charging of electric vehicles are taken from [12] (emissions from production 
of VW Golf Petrol and VW Golf Diesel, replacement and disposal of batteries for these vehicles 
are equal, only fuel consumption and emissions associated with it differ). With a mileage 
of 150 thousand km, battery replacement is not required, with a mileage of 200 thousand 
km, the battery is changed on an electric vehicle (40% of emissions from production of 
an electric vehicle [6], but taking into account a secondary use – 31%11), emissions from 
servicing vehicles with an internal combustion engine are estimated on average as one ton 
of CO2 [3]. Emissions from disposal are 7% for electric vehicles and 10% for vehicles with 
an internal combustion engine [4]. Losses in networks, emissions from combustion of oil 
fuels / electricity generation are calculated based on IEA12 energy balance data and IEA 
greenhouse gas emissions13.

10 Расход топлива Фольксваген Гольф. drom.ru, 2025. Available at: https://www.drom.ru/catalog/volkswagen/golf/specs/fuel_consumption 
(accessed 04.04.2025).
11 Hall D., Nic L. Effects of Battery Manufacturing on Electric Vehicle Life-Cycle Greenhouse Gas Emissions. The International Council on Clean 
Transportation. 2018. Available at: https://theicct.org/sites/default/files/publications/EV-life-cycle-GHG_ICCT-Briefing_09022018_vF.pdf 
(accessed 04.04.2025).
12 World Energy Balances 2024. International Energy Agency. 2024. Available at: https://www.iea.org/data-and-statistics/data-product/
world-energy-balances (accessed 04.04.2025).
13 Greenhouse Gas Emissions from Energy 2024. International Energy Agency. 2024. Available at: https://www.iea.org/data-and-statistics/
data-product/greenhouse-gas-emissions-from-energy (accessed 04.04.2025).

https://www.drom.ru/catalog/volkswagen/golf/specs/fuel_consumption
https://theicct.org/sites/default/files/publications/EV-life-cycle-GHG_ICCT-Briefing_09022018_vF.pdf
https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://www.iea.org/data-and-statistics/data-product/greenhouse-gas-emissions-from-energy
https://www.iea.org/data-and-statistics/data-product/greenhouse-gas-emissions-from-energy
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Greenhouse gas emissions from the power sector are critical for assessing the life-

cycle emissions of electric vehicles. Over the past 20 years, countries leading the energy 
transition have been able to achieve a significant reduction in the carbon intensity of power 
generation (Fig. 3). The lowest emission rates are in the EU power sector, although the 
post-pandemic crisis, when rapid economic recovery and low output in wind and hydro 
generation coincided, led to an increase in coal generation and an increase in emissions.

Figure 3. Dynamics of CO2 Emissions During Electricity Generation, g CO2/kWh 

	 Sources: author’s estimates based on the data of IEA energy balances14 and IEA greenhouse gas emissions15.

The universal driver of decarbonization of the power industry is the reduction of coal 
generation, but in the EU countries it is being displaced by generation from renewables, 
and in the USA – by gas. In China, coal continues to dominate the power industry (Table 2).

Table 2. Share of Fossil Fuels in Power Generation

2000 2022

coal natural gas coal natural gas

EU-27 32 13 17 19

USA 53 16 20 39

China 78 1 62 3

Sources: author’s estimates based on the data of IEA energy balances 16. 

14 World Energy Balances 2024…
15 Greenhouse Gas Emissions…
16 World Energy Balances 2024…
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А RESULTS

The assessment of the integral SRPR indicator shows that electric vehicles are inferior in 
technical characteristics to ICEV, with the exception of Tesla (Table 1, Figs. 4–7). Therefore, the 
comparison will be performed in four cases: a comparison of GHG emissions of electric vehicles 
and ICEV with a mileage of 150 thousand km and 200 thousand km directly and with a mileage of 
150 thousand km and 200 thousand km taking into account technical characteristics (according 
to the trend indicator). 

In the EU, all electric vehicles except Tesla have lower life-cycle greenhouse gas 
emissions (Fig. 4). It should be noted that in 2016, in the UK, with slightly higher emissions in 
the power industry than in the EU-27, the trend values of life-cycle greenhouse gas emissions 
for electric vehicles were almost the same as the trend values for electric vehicles [12]. Due to 
the power industry decarbonization, electric vehicles produce fewer emissions over a mileage  
of 150 thousand km compared to similar ICEV. Taking into account the replacement and disposal 
of batteries, the trend value of electric vehicle emissions is higher.

Figure 4. EU-27: Greenhouse Gas Emissions over the Life Cycle of Vehicles with a Mileage of  
150 Thousand km (Left) and 200 Thousand km (Right), g CO2/km  

Sources: author’s estimates.

In the U.S., all electric vehicles have lower life-cycle GHG emissions except for Tesla  
at 150 thousand km, along with Tesla and Chevrolet at 200 thousand km (Fig. 5). The trend value of 
GHG emissions over the life cycle of electric vehicles is higher than that of similar ICEV in all cases. 
It should be noted that the GHG emissions of the gasoline VW Golf are higher than those of the 
diesel due to its higher fuel consumption, and it is second only to Tesla in emissions.

Figure 5. USA: Greenhouse Gas Emissions over the Life Cycle of Vehicles with a Mileage  
of 150 Thousand km (Left) and 200 Thousand km (Right), g CO2/km  

Sources: author’s estimates.
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In China, life-cycle greenhouse gas emissions of electric vehicles are significantly higher, with 

the exception of Hyundai, even without taking into account battery replacement and disposal, due 
to the dominance of coal-fired power generation (Fig. 6).

Figure 6. China: Greenhouse Gas Emissions over the Life Cycle of Vehicles with a Mileage of 150 
Thousand km (left) and 200 Thousand km (right), g CO2/km  

Sources: author’s estimates.

To assess the sensitivity of the modeling results to changes in battery production and 
recycling technologies and the carbon intensity of power generation, a scenario for China in 
2030 was calculated. The carbon intensity of electricity generation will decrease from 681 to 
549 g CO2/kWh (the IEA Current Policies scenario17), and the volume of emissions from battery 
production and recycling will decrease by 26%18. In 2030, life-cycle GHG emissions over a 
mileage of 150 thousand km will be lower for all electric vehicles except Tesla and Chevrolet, 
but their trend values for electric vehicles will still be higher (Fig. 7).

Figure 7. China: Greenhouse Gas Emissions over the Life Cycle of Vehicles with a Mileage of 150 
Thousand km (Left) and 200 Thousand km (Right) in 2030, g CO2/km  

Sources: author’s estimates.

In order to achieve parity in greenhouse gas emissions from electric vehicles and internal 
combustion engine vehicles, China needs to significantly reduce the carbon intensity of its 
power generation. Coal-fired power generation in China is projected to peak around 202519, 
and the volume of coal-fired power generation capacity under construction and declared is 

17 Author’s estimates based on the data of World Energy Outlook 2024…
18 Author’s estimates based on the data of Bieker G. Op. cit.
19 Китай заявил о планах серьезно сократить использование угля. Известия, 22.04.2021. Available at: https://iz.ru/1155379/2021-04-22/
kitai-zaiavil-o-planakh-serezno-sokratit-ispolzovanie-uglia (accessed 04.04.2025).

https://iz.ru/1155379/2021-04-22/kitai-zaiavil-o-planakh-serezno-sokratit-ispolzovanie-uglia
https://iz.ru/1155379/2021-04-22/kitai-zaiavil-o-planakh-serezno-sokratit-ispolzovanie-uglia
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А enormous [13], so the necessary reduction in carbon intensity will only be achieved around 

2035 (IEA Current Policies scenario20). Before that, the promotion of electric vehicles in China 
will be associated with higher emissions than the use of traditional internal combustion engine 
vehicles. Support for the automotive industry is part of China’s economic policy to develop 
national industry and encourage commodity exports [14], so climate aspects are relegated to 
the background. Currently, the PRC is creating the industry and infrastructure necessary for the 
energy transition. 

CONCLUSION

Life-cycle greenhouse gas emissions are a key indicator for justifying public policy to 
stimulate electric vehicles sales as part of the energy transition. They are higher for gasoline 
cars than for diesel cars, and for cars with only an internal combustion engine – than for hybrids. 
Emissions from electric cars in the EU and the U.S. are generally lower than those of cars with an 
internal combustion engine. In the EU, emissions will be lower even when considering battery 
replacement and disposal with a total mileage of 200 thousand km. However, in terms of technical 
characteristics, electric cars are inferior to traditional cars; the trend emission indicator is higher 
for electric cars than for similar cars with ICE. In the U.S., the carbon intensity of power mix is low 
enough that electric vehicles reduce emissions without taking into account battery replacement 
and recycling, but not enough when accounting the latter. In China, coal-fired power generation 
comprises more than 60% of total electricity generation, so electric vehicle emissions are higher 
than those of internal combustion engine vehicles. Coal-fired power generation will remain 
dominant over the next decade, so GHG emissions will remain elevated. China’s electric vehicles 
market remains the largest in the world, so overall, the promotion of electric vehicles will lead 
to global GHG emissions growth in the medium term. China is still building the industry and 
infrastructure for the energy transition. As China decarbonizes its power sector and switches to 
new types of batteries that produce lower emissions during production and recycling, electric 
vehicles will subsequently reduce GHG emissions.
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