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The Carbon Footprint of Electric Vehicle Batteries

Fossil fuel consumption by enad transport vehicles generatapproximately twentyfour percent of
the United States’ annualrbon emissions, also known as greenhouse gases (GH&®.in Vermont,
emissions generated by envad transport vehicles contribute approximately thitgven percent of the
state’sannualGHG¢. Interest in reducig these numbers through polickesignand new technology has
resulted in the promotion of electric vehicles (EVs) as the key to achievingadyan transportation

systems?

Thelevel of GHGemissiongeductionan E\tan deliver depends upon a variety of factareluding(but
not limited to). the vehicle’s size and weight; the type of drive traiopelling it the energysources
from which itspoweris derived andthe number of
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2. Aplug-n hybrid electric vehiclPHEYis powered byelectrical energybut also utilize
conventional or alternative fuefor extended ranggthe batteryis charged byluggingit in to
external sources anthroughregenerative braking.

3. Abatteryelectric vehicléBEV)s powered entirely by electrical energgquiringan external
electrical source fochargng;these vehicles burn no fuels and releamedirect emissioné.

While anelectric vehicldypicallyproduces fewer direct emissionshan comparablysizedconventional
vehicles,the measure of its carbon footpriratiso incorporates indirect emissiah3heseincludeGHGs

from all the energyconsumedhroughout the production, usage, and dispoefh vehicle A primary
contributorto an EVs$ndirectemissionssits lithium-ion battery.

Life-Cycle Assessment of an EV Battery

Environmental impacstudieson lithium-
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Notably,the proprietary nature of enterprisunded research and development limits the availability of
battery producersdata on theirprocessesind energy consumptioffor these two stage$® Without the
benefit of primary data, researchers rely @ssumptionsaboutthe CTGohasewhen modellinga
lithium-ion battery’soverall emissions impaetits carbon footprintAs a resultl. CAstudiesvarywidely

in scope and methodology, and collectivedyport a broad range of outcomes and interpretatiots.

A primary driver of thisariance comes from differing assumpticatsoutthe direct energy demands of
the materials productiorandthe battery assembly. Further differences stem from assumptions
regarding cell chemistry and pack design. The range of estirftad in the literatureillustratedby
Hgure 1, indicates a high degree of uncertainty involved in asse&3iGgmissionst’

Seeking to address the variance in the lifecycle assessments of CTG emiss@garshersffiliated with
the Norwegian University of Science and Technolwlyzed the underlying data from liéscle
assessment studies on lithidion batteries. After eaxminingthe key assumptions and differences, the
groupconcluded that the primary source of emissions in the craoligate phase stems fromaterials
production—specificallycell manufacture'® Furthermore, they contend that theain source of GHG
emissims overthe life-cycle of a lithiurdon battery accumulates during the cradie-gate phase
contributing an average o157kg Ce@e per kwWh of battery capacity its carbon footprint®

On the topten list of today’shighestsellingelectric vehicleg® plugin hybrics utilize batteriesvhich
rangefrom 8kWh to TkWh,while batteries powering full electric vehicles range frd@kWh to
100kwh.Thus, themanufacture of PHESized batteries producek?2 - 2.6 metric tons of GHG emissions
on averagethe manufacture of larger, BESized batteries produces.3- 11.8metric tons of GHG
emissions on average.

S Han Hao et al., “GHG Emissions from the Production of Lithiom Batteries for Electric Vehicles in China,”
Sustainability9, no. 4 (April 2017): 504, accessed March 27, 2019, https://doi.org/10.3390/su9040504
16 Dale Hall and Nic Lutsey, “Effects of Battery Manufacturing on Electric Vehicle Life
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Figure 1.The rangeof “cradle-to-gate’ carbonemissionsreported
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Well-to-Wheels

The current use portion of an electric vehicle’s overall lifecycle is highly variable in terms of emissions
production. This makes measuring the carbon footprint of this phase qufteult. Rather than being

able to directly assess EV impact on a large scale, representative models must be produced. These
models, such as the one created by the National Renewable Energies Lab
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charging/discharging efficiency due to increasing resistance, requiring battery replacement
when the capacity is dropped the battery degradation limit®

Essentially, as a battery degrades, its efficiency decrepfasng a more significant load on the
electrical grid. Battery degradation can be attributed to a variety of facton®st importantly, the
environment and climate in which the battery operates, as well agjtiadity of consumer care.
Extreme temperatures, notably extreme heat, are particularly devastatitigetdifespan of these EV
batteries Consequentlybattery life spans vary from state-state: under statelevel average driving
conditions in the U.S., battery life ranges from 5.2 years in Florida to 13.3 years inlaska.

National and Vermont State Emission Averagé&be US.Department of Energy and National
Renewable Energies Lab estimate that nationally, the average fully electric \ehitd@bout2-2.3
metric tonsof CQ
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could be reduced by up to thirty percent whére manufacturertilizes salvaged metals rather than
virgin materials*’

Conclusion

Determining thecarbon footprint of arelectric vehicle batterynvolves assessirtge three distinct
phasesf its lifecycle: cradleo-gate, wellto-wheels, andend-of-life. The factors thainfluencethe
amount of greenhouse gasses released duriagh@haseare highly variablewhich complicates efforts
to calculatenet emissions

Areview of the currentiterature highlightsthe differing methodologies employed bije-cycle
assessients ofthe cradleto-gate phaseand the diverseange ofconclusionghey produce however,
an aggregatepproach points to cell manufacture as the primary driver of emisdmre lithiumion
battery.*® On average, the production of smaksized batteries suitable for plug-hybridstypically
generateshetweenl.2 metric tonsand 2.6 metric tons ofjreentouse gagGHG emissions. For
comparison,
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Thepotential for even greater reduction of an EV battergasbon footprintemerges withthe
development of ptimizednetworks forend-of-life processing? Several industrial techniques for
reclaiming materials of value are employed, typically in tandem. Each method’s energy intensity,

efficiency and production of waste varies due to the wide array of chemistries and designs used in
lithium
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