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Environmental Effects of Battery Electric and 
Internal Combustion Engine Vehicles 
Increased deployment of battery electric vehicles (BEVs) and other alternative-fueled vehicles in 

the United States could have a variety of effects on energy security, the economy, and the 

environment. In an effort to address certain environmental concerns, including climate change, 

some Members of Congress and some stakeholder interest groups have expressed interest in the 

promotion of these technologies�² specifically BEV technologies. This interest may include an 

analysis of the environmental effects of BEVs from a systems perspective, commonly referred to 

�D�V���³�Oife cycle assessment�  ́(LCA). 

Practitioners of LCAs strive to be comprehensive in their analyses, and the environmental effects 

modeled by many rely on a set of boundaries ref�H�U�U�H�G���W�R���D�V���³�F�U�D�G�Oe-to-�J�U�D�Y�H���´��Cradle-to-grave assessments in the 

transportation sector model �W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���H�I�I�H�F�W�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���³�F�R�P�S�O�H�W�H�´���O�L�I�H���F�\�F�O�H���R�I���D���Y�H�K�L�F�O�H��and its fuel. This 

consists of �W�K�H���Y�H�K�L�F�O�H�¶�V��raw material acquisition and processing, production, use, and end-of-life options, and the fuel�¶�V��
acquisition, processing, transmission, and use. LCA practitioners focus on a variety of potential environmental effects, 

including global warming potential, air pollution potential, human health and ecosystem effects, and resource consumption. 

Literature analyzing the life cycle environmental effects of BEV technology�² both in isolation and in comparison to internal 

combustion engine vehicle (ICEV) technology�² is extensive and growing. However, as the literature grows, so does the 

range of results. The divergence is due to the differing system parameters of each study, including the selected goals, scopes, 

models, scales, time horizons, and datasets. While each study may be internally consistent based upon the assumptions within 

it, analysis across studies is difficult. Because of these complexities and divergences, CRS sees significant challenges to 

quantifying a life cycle assessment of BEV and ICEV technologies that incorporates all of the findings in the published 

literature. A review of the literature, however, can speak broadly to some of the trends in the life cycle environmental effects 

as well as the relative importance of certain modeling selections.  

Broadly speaking, a review of the literature shows that in most cases BEVs have lower life cycle greenhouse gas (GHG) 

emissions than ICEVs. In general, GHG emissions associated with the raw materials acquisition and processing and the 

vehicle production stages of BEVs are higher than for ICEVs, but this is typically more than offset by lower vehicle in-use 

stage emissions, depending on the electricity generation source used to charge the vehicle batteries. The importance of the 

electricity generation source used to charge the vehicle batteries is not to be understated: one study found that the carbon 

intensity of the electricity generation mix could explain 70% of the variability in life cycle results.  

In addition to lower GHG emissions, many studies found BEVs offer greater local air quality benefits than ICEVs, due to the 

absence of vehicle exhaust emissions. However, both BEVs and ICEVs are responsible for air pollutant emissions during the 

upstream production stages, including emissions during both vehicle and fuel production. Further, BEVs may be responsible 

for greater human toxicity and ecosystems effects than their ICEV equivalents, due to (1) the mining and processing of 

metals to produce batteries, and (2) the potential mining and combustion of coal to produce electricity. These results are 

global effects, based on the system boundaries and input assumptions of the respective studies. 

In addition to a review of the literature, CRS focused on the results of one study in order to present an internally consistent 

example of an LCA. This specific study finds that the life cycle of selected lithium-ion BEVs emits, on average, an estimated 

33% less GHGs, 61% less volatile organic compounds, 93% less carbon monoxide, 28% less nitrogen oxides, and 32% less 

black carbon than the life cycle of ICEVs in the United States. However, the life cycle of the selected lithium-ion BEVs 

emits, on average, an estimated 15% more fine particulate matter and 273% more sulfur oxides, largely due to battery 

production and the electricity generation source used to charge the vehicle batteries. Further, the life cycle of the selected 

lithium-ion BEVs consumes, on average, an estimated 29% less total energy resources and 37% less fossil fuel resources, but 

56% more water resources. These results are global effects, based on the system boundaries and input assumptions of the 

study.  
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Figure 1. Simplified Illustration of the Complete Life Cycle of Vehicles and Fuels  

�� 
Source: CRS, adapted from A. Nordelöf, M. Messagie, A. Tillman, M.L. Söderman, J. �9�D�Q���0�L�H�U�O�R�����´�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O��
Impacts of Hybrid, Plug-In Hybrid, and Battery Electric Vehicles�³ What Can We Learn from Life Cycle 
A�V�V�H�V�V�P�H�Q�W�"�µ��International Journal of Life Cycle Assessment, vol. 19 (2014), pp. 1866�²1890. 
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�W�K�H�P���L�Q���D���V�L�Q�J�O�H�����X�Q�L�Y�H�U�V�D�O���P�H�W�U�L�F�����H���J�������&�2�����H�T�X�L�Y�D�O�H�Q�W���>�&�2���H�@�����R�I���*�+�*���H�P�L�V�V�L�R�Q�V���S�H�U���I�X�Q�F�W�L�R�Q�D�O��

                                                 
12 For a more detailed discussion on the methodologies, challenges, and opportunities for using LCAs for public policy 

application, see S. Hellweg and L. �0�L�O�j���L���&�D�Q�D�O�V�����³�(�P�H�U�J�L�Q�J��Approaches, Challenges and Opportunities in Life Cycle 

A�V�V�H�V�V�P�H�Q�W���´��Science, vol. 344 (June 6, 2014), pp. 1109-1113. 
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�W�K�H�V�H���H�I�I�H�F�W�V�����3�U�D�F�W�L�W�L�R�Q�H�U�V���P�H�Q�W�L�R�Q���G�D�W�D���Y�D�U�L�D�Q�F�H���D�Q�G���D�Q�D�O�\�W�L�F���X�Q�F�H�U�W�D�L�Q�W�L�H�V���D�V���U�H�D�V�R�Q�V���W�R���I�L�Q�G��
�H�V�W�L�P�D�W�H�V���L�Q���W�K�H�V�H���F�D�W�H�J�R�U�L�H�V���O�H�V�V���U�H�O�L�D�E�O�H�����)�X�U�W�K�H�U�����W�K�H���V�F�D�O�H���R�I���W�K�H�V�H���H�I�I�H�F�W�V���P�D�\���Y�D�U�\�����D�Q�G���W�K�H�L�U��
�L�P�S�D�F�W�V���P�D�\���G�L�I�I�H�U���O�R�F�D�O�O�\���D�Q�G���J�O�R�E�D�O�O�\���G�H�S�H�Q�G�L�Q�J���X�S�R�Q���U�H�J�L�R�Q�D�O���Y�D�U�L�D�E�L�O�L�W�L�H�V�����S�R�S�X�O�D�W�L�R�Q���V�L�]�H���D�Q�G��
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����H�[�S�R�V�X�U�H���U�D�W�H�V�����D�Q�G���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���U�H�J�X�O�D�W�L�R�Q�V���D�Q�G���P�D�Q�D�J�H�P�H�Q�W���S�U�D�F�W�L�F�H�V���R�I��
�W�K�H���H�[�S�R�V�H�G���D�U�H�D�V�����7�K�X�V�����W�K�L�V���U�H�S�R�U�W���I�R�F�X�V�H�V���R�Q���W�K�H���S�U�L�P�D�U�\���H�P�L�V�V�L�R�Q�V���F�D�W�H�J�R�U�L�H�V���D�V���R�S�S�R�V�H�G���W�R���W�K�H��
�V�H�F�R�Q�G���R�U�G�H�U���K�H�D�O�W�K���D�Q�G���H�F�R�V�\�V�W�H�P���H�I�I�H�F�W�V�����V�S�H�F�L�I�L�F�D�O�O�\���Z�K�H�Q���H�[�S�U�H�V�V�L�Q�J���I�L�Q�G�L�Q�J�V���T�X�D�Q�W�L�W�D�W�L�Y�H�O�\����
�7�K�H���U�H�S�R�U�W���G�L�V�F�X�V�V�H�V���W�K�H���V�H�F�R�Q�G���R�U�G�H�U���F�D�W�H�J�R�U�L�H�V���T�X�D�O�L�W�D�W�L�Y�H�O�\�� 

�7�K�H���V�X�E�V�H�T�X�H�Q�W���V�H�F�W�L�R�Q�V���H�[�D�P�L�Q�H���W�K�H���V�H�O�H�F�W�H�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���H�I�I�H�F�W�V���F�D�W�H�J�R�U�L�H�V���L�G�H�Q�W�L�I�L�H�G���D�E�R�Y�H��
���L���H�������J�O�R�E�D�O���Z�D�U�P�L�Q�J���S�R�W�H�Q�W�L�D�O�����D�L�U���S�R�O�O�X�W�L�R�Q���S�R�W�H�Q�W�L�D�O�����K�X�P�D�Q���K�H�D�O�W�K���D�Q�G���H�F�R�V�\�V�W�H�P���H�I�I�H�F�W�V�����D�Q�G��
�U�H�V�R�X�U�F�H���F�R�Q�V�X�P�S�W�L�R�Q�����W�K�D�W���R�F�F�X�U���D�W���W�K�H���Y�D�U�L�R�X�V���V�W�D�J�H�V���R�I���W�K�H���O�L�I�H���F�\�F�O�H���I�R�U���%�(�9�V���D�Q�G���,�&�(�9�V����
�I�U�R�P���U�D�Z���P�D�W�H�U�L�D�O���H�[�W�U�D�F�W�L�R�Q���W�K�U�R�X�J�K���H�Q�G���R�I���O�L�I�H���P�D�Q�D�J�H�P�H�Q�W�� 

  

                                                 
13 GHGs are quantified using a unit measurement called carbon dioxide equivalent (CO2e), wherein the radiative 

forcing potential of gases are indexed and aggregated against one mass unit of CO2 for a specified time frame. This 

indexing is commonly referred to as the Global Warming Potential (GWP) of the gas. For example, the 

Intergovernmental Panel on Climate Change (IPCC) 2013 Fifth Assessment Report reported the GWP for methane as 

ranging from 28 to 36 when averaged over a 100-year time frame. Consistent with international GHG reporting 

requirements, EPA�¶s most recent GHG inventory (2018) uses the GWP values presented in the IPCC�¶s 2007 Fourth 

Assessment Report, in which the GWP of methane was 25 when averaged over a 100-year time frame. The uncertainty 

in the GWP for a particular GHG could be of interest for policymakers. 

14 Eutrophication is the excessive loading of nutrients into a body of water, which induces algal growth. Excessive algal 

growth can lead to low-oxygen waters, which can result in fish kills and other effects. 
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attributable, in part, to the additional copper and nickel requirements, which result in production chain disposal of 

sulfidic mine tailings. Other toxicity impacts are largely due to disposal of spoils from lignite and coal mining. 

Freshwater ecotoxicity and eutrophication effects from BEVs can be higher due to the associated effects of mining, 

processing metals, and burning coal to produce electricity. 

26 Mine tailings are waste generated from mining activities and typically are a slurry mixture of solids such as silt, sand, 

and other minerals, and water. 

27 EEA Report No. 13/2018, p. 17; K. T. Rim�����.�����+�����.�R�R�����D�Q�G���-�����6�����3�D�U�N�����³�7�R�[�L�F�R�O�R�J�L�F�D�O���(�Y�D�O�X�D�W�L�R�Q�V���R�I���5�D�U�H���(�D�U�W�K�V���D�Q�G��
�7�K�H�L�U���+�H�D�O�W�K���,�P�S�D�F�W�V���W�R���:�R�U�N�H�U�V�����$���/�L�W�H�U�D�W�X�U�H���5�H�Y�L�H�Z���´��Safety and Health at Work, vol. 4 (2013), pp. 12-26 

(hereinafter Rim et al., 2013); and G.A. MacMillan, J. Chetelat, and J. P. Heath�����H�W���D�O�������³�5�D�U�H��Earth Elements in 

Freshwater, Marine, and Terrestrial E�F�R�V�\�V�W�H�P�V���L�Q���W�K�H���H�D�V�W�H�U�Q���&�D�Q�D�G�L�D�Q���$�U�F�W�L�F���´��Environmental Science Processes and 
Impacts, vol. 19 (2017), pp. 1336-1345. 

28 According to the U.S. Geological Survey�����³�L�G�H�Q�W�L�I�L�H�G���Z�R�U�O�G���W�H�U�U�H�V�W�U�L�D�O���F�R�E�D�O�W���U�H�V�R�X�U�F�H�V���D�U�H���D�E�R�X�W���������P�L�O�O�L�R�Q���W�R�Q�V�����7�K�H��
vast majority of these resources are in sediment-hosted stratiform copper deposits in Congo (Kinshasa) and Zambia; 

nickel-bearing laterite deposits in Australia and nearby island countries and Cuba; and magmatic nickel-copper sulfide 

deposits hosted in mafic and ultramafic rocks in Australia, Canada, Russia, and t�K�H���8�Q�L�W�H�G���6�W�D�W�H�V���´���8���6�����*�H�R�O�R�J�L�F�D�O��
�6�X�U�Y�H�\�����³�&�R�E�D�O�W���´��Mineral Commodity Summaries, January 2018, https://minerals.usgs.gov/minerals/pubs/commodity/

cobalt/.  

29 Evidence of increased oxidative DNA damage found among the exposed children (those who lived in the study area 

but were not engaged in mining) in the study points to an increased risk of cancer in later life; see C. B. L. Nkulu, et al., 

�³�6�X�V�W�D�L�Q�D�E�L�O�L�W�\���R�I��Artisanal Mining of Cobalt in DR Congo,�´��Nature Sustainability, vol. 1 (2018), pp. 495�±504.  

30 �$�U�W�K�X�U���7�V�K�D�P�D�O�D���.�D�Q�L�N�L���D�Q�G���.�L�Q�L�N�L���7�X�P�E�D�����³Management of Mineral Processing Tailings and Metallurgical Slags of 

the Congolese Copperbelt: Environmental Stakes and Perspectives���´��Journal of Cleaner Production, vol. 210 (February 

2019), pp. 1406-1413.  

31 �&�H�O�H�V�W�L�Q���/�X�E�D�E�D���1�N�X�O�X���%�D�Q�]�D�����7�L�P���6�����1�D�Z�U�R�W�����D�Q�G���9�L�Q�F�H�Q�W���+�D�X�I�U�R�L�G�����H�W���D�O�������³�+�L�J�K���+�X�P�D�Q���(�[�S�R�V�X�U�H���W�R���&�R�E�D�O�W���D�Q�G��
Other Metals in Katanga, a Mining Area of the Democratic Republic of Con�J�R���´��Environmental Research, vol. 109 

(2009), pp. 745-�����������6�����6�T�X�D�G�U�R�Q�H���H�W���D�O�������³Human Exposure to Metals Due to Consumption of Fish from an Artificial 

Lake Basin Close to an Active Mining Area in Katanga (D.R. Congo)���´��Science of the Total Environment, vol. 568 

(2016), pp. 679-684. 
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Figure 2. Components of a Battery Electric Vehicle  

 
Source: Reproduced from U.S. Department of Energy, Alternative Fuels Data Center, https://afdc.energy.gov/
vehicles/how-do-all-electric-cars-work. 

 

Figure 3. Components of an Internal Combustion Engine Vehicle  

 
Source: Reproduced from U.S. Department of Energy, Alternative Fuels Data Center, https://afdc.energy.gov/
vehicles/how-do-gasoline-cars-work. 
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Figure 4. Life Cycle As sessment: Global Warming Potential  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source: J. B. Dunn, L. Gaines, J. C. Kelly, C. James, C., and K. G. �*�D�O�O�D�J�K�H�U�����´�7�K�H��Significance of Li-ion Batteries 
in Electric Vehicle Life-Cycle Energy and Emissions and Recycling�·s Role in Its R�H�G�X�F�W�L�R�Q���µ��Energy and 
Environmental Sciences, 2015, as updated by the authors using the most recent U.S. Department of Energy, 
Argonne National Laboratory (ANL), Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation 
(GREET®) Model, 2018, https://greet.es.anl.gov/. 

Notes:  Global warming potential measured in grams carbon dioxide equivalent emissions per vehicle kilometer 
traveled averaged over the lifetime of the vehicle (gCO2e/km); model year (MY) 2012 internal combustion engine 
vehicle (ICEV); MY 2012 plug-in hybrid electric vehicle (PHEV); MY 2012 battery electric vehicle (BEV); United 
States electricity grid, 2017 average (US Grid); California electricity grid, 2017 average (CA grid); lithium-ion 
battery with LiNi0.4Co0.2Mn0.4O2 cathode materials paired with graphite anodes (NMC111); lithium-ion battery 
with a LiMn2O4 cathode material paired with graphite anodes (LMO). See Dunn et al., 2015 (updated) system 
parameters and input assumptions listed below. 

Dunn et al., 2015 (updated) examines all environmental effects categories modeled by the DOE, ANL GREET® 
2018 LCA database. It is a � ćomplete�µ LCA using attributional modeling for average U.S. and California 
electricity grid data and average ICEV, PHEV, and BEV data. Input assumption are as follows, as well as in the 
initial Dunn et al., 2015. Year: 2017 simulation year; this corresponds to a 2017 electricity generation grid with 
model year (MY) 2012 vehicle technology to account for system lag. Grids examined: U.S. and California average 
(505 and 283 gCO2e/kWh, respectively). Vehicle lifetime: 278,659 km (173,151 miles). Vehicle lifetime is based 
�R�Q���$�1�/�·�V���9�,�6�,�2�1���P�R�G�H�O�����Z�Kich in turn derives from a statistical evaluation of annual vehicle miles traveled 
(VMT) for vehicles over their lifetime and the survivability of those vehicles. ANL uses the same VMT for each 
vehicle. The rationale is as follows: PHEV has no range limitation so should be equivalent to ICEV; a BEV with a 
300 mile range is treated here as equivalent to an ICEV. PHEV all electric range: 64 km (40 miles). BEV range: 
482 km (300 miles). The BEV in the initial Dunn et al., 2015 study had a range of 110 km, and its efficiency was 
higher than that of the 300 mile range vehicle in the updated dataset. ICEV fuel economy: 9.02 liters (L)/100 km 
(26.08 miles per gallon [MPG]). PHEV fuel economy: 3.42 L/100 �N�P�����������������0�3�*�������7�K�H���3�+�(�9�·�V���F�K�D�U�J�H���G�H�S�O�H�W�L�Q�J��
(CD) and charge sustaining (CS) modes are 2.4 L/100 km, and 6.1 L/100 km (38.3 and 99.5 miles per gallon 
gasoline equivalent [MPGGE], respectively). The blend between them is 49.9% CD and 50.1% CS. BEV fuel 
economy: 2.81 L/100 km (83.56 MPGGE). The fuel economies are based �R�Q���$�1�/�·�V���U�H�V�H�D�U�F�K���W�H�D�P���D�V�V�R�F�L�D�W�H�G��
with vehicle simulation (the Autonomie team). These results are global effects. 

J. C. Kelly and his team at Argonne National Laboratory provided updated inputs and data to CRS. 



Environmental Effects of Battery Electric and Internal Combustion Engine Vehicles  

 

Congressional Research Service 27 

Figure 5. Life Cycle  Assessment: Volatile Organic Compounds  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source: Dunn et al., 2015 (updated). 

Notes:  Volatile organic compound emissions (VOC) in grams per vehicle kilometer traveled averaged over the 
lifetime of the vehicle (g/km); see Figure 4 for additional notes. 

Figure 6. Life Cycle Assessment: Carbon Monoxide  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source:  Dunn et al., 2015 (updated). 

Notes:  Carbon monoxide emissions (CO) in grams per vehicle kilometer traveled averaged over the lifetime of 
the vehicle (g/km); see Figure 4 for additional notes. 



Environmental Effects of Battery Electric and Internal Combustion Engine Vehicles  

 

Congressional Research Service 28 

Figure 7. Life Cycle Assessment: Nitrogen Oxides  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source: Dunn et al., 2015 (updated). 

Notes:  Nitrogen oxides emissions (NOx) in grams per vehicle kilometer traveled averaged over the lifetime of 
the vehicle (g/km); see Figure 4 for additional notes. 

Figure 8. Life Cycle Assessment: Sulfur Oxides  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source: Dunn et al., 2015 (updated). 

Notes:  Sulfur oxides emissions (SOx) in grams per vehicle kilometer traveled averaged over the lifetime of the 
vehicle (g/km); see Figure 4 for additional notes. 
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Figure 9. Life Cycle Assessment: Fine Particulates  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source: Dunn et al., 2015 (updated). 

Notes:  Fine particulates emissions (PM2.5) in grams per vehicle kilometer traveled averaged over the lifetime of 
the vehicle (g/km); see Figure 4 for additional notes. PM2.5 is particulate matter with a diameter of less than 2.5 
microns. 

Figure 10. Life Cycle Assessment: Black Carbon  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source: Dunn et al., 2015 (updated). 

Notes:  Black carbon emissions (BC) in grams per vehicle kilometer traveled averaged over the lifetime of the 
vehicle (g/km); see Figure 4 for additional notes. 
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Figure 11. Life Cycle Assessment: Total Energy Consumption  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source: Dunn et al., 2015 (updated). 

Notes:  Total energy consumption in megajoules (a gallon of gasoline contains roughly 120 megajoules) per 
vehicle kilometer traveled averaged over the lifetime of the vehicle (MJ/km); see Figure 4 for additional notes. 

Figure 12. Life Cycle Assessment: Total Fossil Fuel Consumption  
(Comparison of MY 2012 ICEV, PHEV, and BEV for U.S. and California Electricity Grid, 2017 Average) 

 
Source: Dunn et al., 2015 (updated). 

Notes:  Total fossil fuel consumption in megajoules (a gallon of gasoline contains roughly 120 megajoules) per 
vehicle kilometer traveled averaged over the lifetime of the vehicle (MJ/km); see Figure 4 for additional notes. 
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