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INTRODUCTION

Measuring the Environmental 
Impact of Battery Supply Chains 
with LCA

Global decarbonisation requires an unprecedented 
amount of raw materials to manufacture batteries, 
motors, magnets and other key components of ele-
ctric equipment for the global energy transition to 
low-carbon energy systems. 1 Different supply chains  
for these key materials can create significantly diffe-
rent embodied environmental impacts for batteries 
depending on how they are produced.2 

Most life cycle assessments (LCAs) of batteries have 
assumed static impact values for producing compo-
nent materials.3,4 The exception to this is an acade-
mic paper exploring regional variability at different 
stages of production for a lower nickel content bat-
tery chemistry.5 The quality of the impact data for 
each battery raw material also varies and on occasi-
ons can underestimate the impact of certain materi-
als.6 Thus, there is an impetus to understand the en-
vironmental impacts of different production routes. 
In this whitepaper, the impacts of currently operati-
onal production routes for making key materials in 
electric vehicle (EV) batteries are presented at the 
level of an entire vehicle. 

In the coming decades, many regions will see sig-
nificant changes in electricity mixes with increased 
renewables and lower carbon emissions per kWh of 
power generated.7 This positive development will 
significantly cut environmental costs, particularly 
those relating to potential climate change impacts, 
during the use phase of batteries and EVs. Howe-
ver,the total  energy contribution to produce the raw 
materials is predicted to remain relatively steady.  
(Figure 1). This is because the decarbonisation of raw 
material production that will feed these batteries is 
more challenging, and lower grade, less pure resour-
ces will be used as feedstock to produce these mate-
rials in the future.
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To Climate Change for Electric Vehicles

Figure 1: Relative con-
tribution to an electric 
vehicle life cycle to the 
climate change impact ca-
tegory over time
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BATTERY CHEMISTRY IMPACT

Environmental Impact of NMC-
811 Battery Production Routes
There are numerous battery chemistries currently in 
use in EVs, and each has a distinct bill-of-materials. 
Battery development is a dynamic and fast-evolving 
sector with many new battery technologies being de-
veloped in quick succession with novel material requi-
rements and related supply chains. 

To demonstrate the effect that different production 
routes can have on life cycle environmental impacts 
for the same battery chemistry, we have examined 
climate change potential impacts for a single configu-
ration - high nickel content, nickel-manganese-cobalt 
lithium-ion batteries(NMC-811), the current most po-
pular battery in western EVs. However, the story is ul-
timately the same for any battery chemistry –the raw 
material source for batteries can have a significant, 
variable, and often underestimated effect on the total 
environmental impact of the final product.

There are numerous supply chain stages to produ-
ce NMC-811, beginning with raw material extraction 
and ending with final product manufacturing. There-
are distinct mining, mineral processing and refining 
routes that utilise unique processes and different 
quantities of materials or energy. Certain aspects of 
these production routes are more difficult than oth-
ers to decarbonise. For example, pyrometallurgical 
processes are energy-intensive and require thermal 
and electrical inputs. Hydrometallurgical routes can 
be less energy-intensive, but in contrast may require 
significant quantities of chemicals and consumables 
that themselves can have high embodied impacts or 
create challenging waste management pathways.

The cumulative environmental impact of a NMC-811 
battery will depend upon the supply chain choices 
made by the battery manufacturer. A thorough under-
standing of where the most significant environmental 
impacts lie within complex multi-phase supply chains 
can offer insights into the impacts of alternative routes 
and support sustainable manufacturing.
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Why use life cycle assessment 
(LCA) for battery products?
LCA is used to quantify the overall environmental im-
pacts to produce a given product, incorporating both 
the direct impacts associated with manufacturing 
processes and the embodied impacts of producing the 
energy, reagents, and raw materials.

When applying LCA approaches to battery products, it 
is possible to set the functional unit (ie, the final pro-
duct benchmark against which all impacts are norma-
lised) to a kWh of storage, allowing the environmental 
performance of different battery types to be accura-
tely compared and contrasted. It should be noted that 
although not captured in this paper, the use phase 
of batteries will have important implications for life 
cycle impact assessments and can vary depending on 
battery chemistry and application. 

Battery design, chemistry, manufacturing processes 
and supply chain choices can materially affect longe-
vity, failure rate, and recyclability of the battery and 
the consumer product within which it is housed.

Many different impact categories are quantifiable 
using LCA, including climate change potential  (me-
asured in kg CO2 equivalent), acidification potential, 
eutrophication potential, ozone depletion potential, 
water use and more. LCA can be used to ensure that 
environmental impacts are not being transferred from 
one impact category to another or displaced to other 
parts of the supply chain when enacting decarbonisa-
tion pathways. 

This study focuses on climate change, but all other 
impacts are calculated using the same approach. 
LCA supports decision-makers to select the product/
process/technology that results in the lowest impact 
on the environment.
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COMPARISON + RAW MATERIAL FOCUS

Methodology
The life cycle inventory for this study was construc-
ted using a bill-of-materials from GREET for a NMC-
811 battery for EV applications.3 NMC-811 current-
ly occupies 32% of the global EV battery market 
share, and this figure is increasing steadily against 
other technologies.8 

Using Minviro’s high-resolution material and impact 
database, three LCA model scenarios have been cre-
ated to contrast and compare  (i) low, (ii) baseline, and 
(iii) high impact operational production routes for nic-
kel sulfate, cobalt sulfate, manganese sulfate, lithium
hydroxide for cathode precursors, and graphite for the
anode. The system boundary for the study is shown in
Figure 2. These five variable inputs in the LCA were se-
lected because they exhibit a wide range of life cycle
impacts in previous LCAs that Minviro has conducted,
depending on where and how they are acquired and
processed, and this study explores how these varian-
ces influence the overall battery impact.

All other data for the bill of materials was taken from 
Ecoinvent 3.7.1.9 This includes material and ener-
gy inputs for cathode precursor manufacturing and 
material inputs for final battery assembly, including 
cathode, anode, electrolyte, separator, and casing. 
The manufacturing impact for the cell assembly and 
finishing was assumed as a static 25 kg CO2 eq. per 
kWh, although it should be noted that this figure 
can vary depending on the availability of renewable 
energy in production regions vs. fossil fuel dominant 
sources, and the associated impacts of each.10,11

Results
A comparison of LCA results for climate change poten-
tial  (in kg CO2 eq. per kWh of storage) for all three 
impact scenarios is shown in Figure 3. The baseline 
scenario indicates a total impact of 82 kg CO2 eq. per 
kWh. The scenario utilising low impact battery raw 
materials was calculated as 70 kg CO2 eq. per kWh, 
while the higher impact production routes have an im-
pact of 138 kg CO2 eq. per kWh. A higher-resolution 
breakdown of contributions towards cathode impacts 
for the low and high impact scenarios is shown in Figu-
re 4, highlighting the criticality of cathode component 
supply chain variability in particular.

Material & Energy Inputs

Emissions to land, air and water
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Figure 2: Simplified system boundary for the 
production of NMC-811 lithium-ion batteries.
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Nickel
As expected, the high proportion of nickel in NMC-811 makes it sensitive to changes in the environmental 
impact of nickel sulfate production. Nickel is extracted from laterites or sulfidic ores. Amongst other factors, 
the grade, geometry, location, project scale, and mineralogy of the nickel orebody will contribute to the 
intensiveness of processing on a per kilogram of nickel sulfate basis.  Depending on the production route, 
nickel projects’ acidification and ecotoxicity potential can be significantly higher than other commodities.12 
The large tonnage of typical nickel-hosting orebodies requires processing through one of two commercial 
routes: energy and consumable intensive processing for treating the whole orebody for laterites (high pres-

sure acid leaching or HPAL), or electrically-intensive 
concentration processes followed by thermal ener-
gy intensive refining for sulfide ores. A ‘new’ process 
route has been suggested for taking the energy in-
tensive processing of laterite orebodies (nickel pig 
iron smelting) to another stage to make a nickel inter-
mediate which will then require electrically intensive 
refining. For all of these, the electricity supply is of 
critical importance, as some locations offer low-car-
bon electricity while others require burning coal to 
generate power. The sheer amount of nickel sulfa-
te contained in most NMC batteries result in signifi-
cant material and energy costs associated with this 
commodity in high impact scenarios (Figure 4).13

Graphite
Graphite is a common anode material that can con-
tribute significantly to overall battery impacts and 
has often been overlooked in LCAs. A recent white-
paper by Minviro highlighted the historic under-re-

presentation of graphite environmental impacts as a 
function of localised energy demand, and this is es-
pecially relevant within full battery supply chains.14 
Producing anode-grade graphite is energy-intensive. 
Hence, graphite anode material processed in regi-
ons with dominant renewable energy grid mixes can 
result in substantially lower climate change potenti-
al for NMC-811 than coal-dominated areas like inner 
Mongolia. In this study, graphite contribution to ano-
de impacts increases by a factor of around nine bet-
ween low and high impact scenarios to account for 
approximately a quarter of all impacts in the latter 
scenario (Figure 3). This reaffirms graphite’s status as 
the ‘hidden’ impactor in battery manufacturing and 
highlights the importance of accurately defined regi-
onal energy mixes in life cycle impact assessments.

Lithium
Lithium is unsurprisingly one of the highest-profile 
components in its namesake lithium-ion batteries 
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Figure 3: Full battery contribution analysis for battery production via the baseline, low impact and high 
impact supply chain scenarios
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components in its namesake lithium-ion batteries and 
has received significant attention in the LCA community 
in the last few years.15 The processing routes from bri-
ne or hard rock resources produce different environ-
mental impacts, especially when coupled with future 
geothermal energy potential. Compared to nickel and 
cobalt sulfates, lithium hydroxide is slightly less im-
pactful and variable as a cathode component (Figure 
4) but represents a significant opportunity for OEMs 
to secure sustainable supply chains by selecting one 
of the lower-impact extraction methods.15

Cobalt, Manganese, Aluminium
The change in the contribution between scenarios 
from manganese and cobalt inputs for the NMC-811 
cathode type is marginal. It must be noted that co-
balt is considered a material with significant econ-
omic importance and substantial supply risks.16 
Even when used in an 8:1 mass ratio with nickel in an 
NMC-811 cathode, it can produce a comparable cli-
mate change potential impact (i.e., in the low impact 
scenario; Figure 4). 

Manganese is perhaps the least-studied NMC-811 
component in a LCA context. Data may need to be 
revised or updated if battery demand continues to 
rise, as this could present a grey area in supply chain 

comprehension. Despite its relatively small contribu-
tion per battery, aluminium carries a significant im-
pact per unit mass (Figure 3) and cannot be left out 
of the discussion surrounding battery supply chains. 
In our modelled low impact scenarios, static wrought 
aluminium impacts (from Ecoinvent 3.7.1) exceed 
those from anodes, if using a conservative impact for 
graphite production in a renewable energy dominant 
region. As with all commodities, individual alumini-
um supply chain impacts are reflective of production 
regions, primarily due to local energy mix variability.
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Figure 4: Comaprison of the relative contribution by materi-
al input to cathode climate change impact for low and high 
impact supply chain scenarios. Natural gas and electricity 
impacts are associated with cathode manufacturing after re-
ceipt of the pure salt components. 



Outlook
Battery manufacturers will likely see intense compe-
tition for lower impact battery raw materials as they 
target low impact battery manufacturing and battery 
products. For example, Northvolt has publicly stated 
the goal of 10 kg CO2 eq per kWh for their batteries.17 
This ambitious target will only be achieved with stra-
tegic sourcing of low climate change impact battery 
raw materials combined with impact reduction at the 
manufacturing stage. This will likely involve collabo-
ration between companies like Northvolt and their 
suppliers to reduce supply chain impacts.

The study of NMC-811 illustrates how sourcing diffe-
rent raw materials within a single supply chain can 
produce a wide range of impacts. These impacts only 
represent currently used production routes and some 
future routes could potentially have an even broader 
range of impacts. As conventional technologies are 
applied to lower grade and less pure resources, en-
vironmental impacts will increase alongside increa-
sed reagent and energy use. 

Meanwhile, deployment of more sophisticated te-
chnologies that more selectively extract lithium from 
resources for example may reduce environmental im-
pacts for some projects. The LCA model format crea-
ted for this study is easily applied to different battery 
bills-of-materials, including other NMC set-ups, LFP, 
LMO and future battery technologies in development.

The dominance of NMC batteries in the market (for 
now) and the large quantity of  metals required in 
their production will inevitably bring attention to im-
pacts associated with nickel sulfate, cobalt sulfate, 
and manganese sulfate supply chains. The production 
of lithium is a key player for a broad range of batteries 
and still provides a clear and accessible route to more 
sustainable supply chains.

Graphite presents a significant immediate oppor-
tunity for impact reduction in the battery raw ma-
terial value chain. The incumbent production route 
involves extremely energy-intensive processes such 
as graphitisation in inner Mongolia and China, with 
a high carbon intensity per kWh.14 Other projects in 
development have the opportunity to mitigate the 
impact by taking advantage of low impact electricity 
from hydroelectric sources.

Although this study uses specific example routes for 
each of the five major battery components, the same 
message applies across all material chains – differen-
ces in embodied impacts of individual raw material 
projects can have huge repercussions on overall final 
product impacts, some more so than others. Lower 
environmental impact production routes are emer-
ging for almost all battery materials. As legislation 
tightens around supply chain environmental credenti-
als, LCA is the optimum methodology for recognising, 
mitigating and reducing raw material impacts in the 
pursuit of global decarbonisation.
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