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Electric vehicles do not directly emit CO2. However,  the generation of electricity to charge their 
Li- ion batteries does.  More importantly,  though, the manufacturing of Li- ion batteries has con-
siderable environmental and societal  impact .  On one hand, manufacturing processes are highly 
energy-intensive,  which leads to CO2 emissions and negative environmental impacts.  On the other 
hand, batteries contain raw materials such as cobalt ,  l ithium, manganese,  graphite,  and nickel ,  of 
which the mining and processing entail  a negative impact on both local societies and ecosystems. 
Mining operations for cobalt in the Democratic Republic of Congo have often been accused of us-
ing artisanal miners and child labour,  while leaks of toxic chemicals f rom l ithium mines in Tibet 
have caused the deterioration of local fauna. Considering the global increase in battery demand, 
these issues are only expected to increase,  should nothing change. Solutions are being developed. 
Pyro,  hydro,  and other,  innovative recycling processes are being further developed and upscaled, 
which could partly replace raw material  mining. Although up to now just around 5% of al l  Li- ion 
batteries (f rom smaller devices such as laptops or cell  phones) are recycled or reused, the volume 
of larger EV batteries that is expected to reach their end of l i fe in the next few years is expected to 
change this trend, as recycling of larger batteries – with higher content in valuable materials – is 
predicted to make recycling f inancial ly attractive.  In addition,  new battery technologies with low 
or no content of “troublesome” raw materials are being developed, such as the cobalt-f ree battery 
developed in COBRA . This market intell igence report aims to highlight the main environmental 
and social  impacts of Li- ion batteries,  as well  as technologies and measures to reduce them.  

“Make a material impact on sustainability,  at an industrial scale.”
JEFFREY BRIAN STRAUBEL, TESLA CO-FOUNDER & CEO AT REDWOOD MATERIALS
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TECHNICAL DEVELOPMENTS ON ENVIRONMENTAL AND SOCIAL 
IMPACTS OF LI-ION BATTERIES
FOREWORD BY IREC REPRESENTING COBRA, AND LLUC CANALS:

Background 

Emissions f rom transport have increased over 
the last years.  In 2020, these emissions repre-
sented more than a quarter of total  greenhouse 
gas emissions in the EU [9].  This is  the main 
reason why forced by legislation,  the automo-
tive sector is  facing a revolutionary scenario to 
contribute signif icantly to one of the most chal-
lenging situations of current society :  reducing 
harmful emissions causing cl imate change and 
air  pollution,  especial ly in cit ies where particu-
late matter (PM) and nitrogen dioxide (NO2),  are 
damaging human health and the environment. 
One of the main technologies used to reduce 
these emissions in the transport sector is  elec-
tric vehicles compared to the traditionally used 
internal combustion engine vehicles.  Despite 
the enormous advances in sustainable perfor-
mance within the automotive industry,  the de-
pendency of the EV industry on the electricity 
sector to power the batteries heavily influences 
their impact .  At the same time, Li- ion battery 
technology is based on raw materials ,  such as 
l ithium, cobalt ,  nickel ,  manganese,  and graph-
ite,  most of which are categorised as crit ical  ma-
terials and associated with several  environmen-
tal  and social  impacts throughout their supply 
chain,  reinforcing the urgency to address their 
entire l i fecycle to be able to assess the sustain-
abil ity of EVs towards achieving the industry ’s 
sustainabil ity goals [ 1] .  

Impacts/challenges 

Critical  materials in batteries,  mostly found in 
electrodes (cathode and anode) and electro-
lytes,  can also present signif icant issues associ-
ated with resource availabil ity apart f rom other 
environmental and social  issues.  Even though 
l ithium, manganese,  nickel ,  and natural graph-
ite have moderate reserves to cover the expect-
ed 10% share of electric vehicles in the global 
f leet in the next years,  they are not enough to 
cover the expected increase in demand, push-
ing up market prices.  Moreover,  considering an 
extreme scenario for 100% electrif ication of the 
world’s vehicle f leet ,  under continuous growth 
conditions,  having enough reserves of cobalt 
and potential ly l ithium is unlikely [2,  3] .  Now-

adays,  the sustainabil ity and not-so-long-term 
availabil ity of Li- ion batteries can be affected 
by cobalt .  This metal is  extracted mainly f rom 
the Democratic Republic of the Congo, a region 
historically characterized by polit ical  instabil ity 
and social  impacts in the mining sector,  such as 
child work,  safety mining conditions (with many 
i l legal extractions and uncountable deaths) [2]. 
Availabil ity is  not the only issue related to these 
materials .  For instance,  cheap l ithium mining 
requires withdrawing high amounts of water 
f rom locations where water is  scarce,  which has 
environmental implications  [3].   

To analyse the environmental impact in al l 
phases of the product development (materials ’ 
extraction,  manufacturing, and recycling or dis-
posal impacts at the end-of-l i fe) ,  the Life Cycle 
Assessment (LCA) is the most used methodol-
ogy.  This tool al lows highlighting ‘hotspots’  of 
potential  environmental pressures,  while also 
providing a general picture of overall  environ-
mental performance [ 1] .  However,  there is no 
consensus on a unique LCA methodology,  met-
rics,  and indicators,  and the existing studies 
are performed with a Cradle-to-Grave approach 
which,  depending on the LCA study,  does not 
necessari ly include the recycling of the battery. 

The LCA is a holistic methodology in-
ternationally recognised and support-
ed by the ISO 14040 series to evaluate 
the environmental impacts through the 
l ife cycle of products or services.  There 
are 4 iterative phases to conduct an LCA: 
Goal and Scope Def inition,  Life Cycle In-
ventory,  Life Cycle Impact Assessment 
and, Interpretation.  The f irst LCA studies 
of batteries were focused on cell/module 
production phase and battery assembly 
(cal led “LCA cradle-to-gate approach”) . 
However,  the expected growth of the 
battery market in the next 10-20 years 
encourages us to enlarge the scope cov-
ering al l  l i fe cycle stages,  including end-
of-l i fe.  These studies should show align-
ment with the circular economy with 

What is an LCA?
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Existing LCA studies on Li- ion batteries show 
that particularly cobalt and nickel (used in the 
cathode) increase signif icantly the environmen-
tal  footprint ,  as e.g.  toxic substances can leak 
f rom mine tai l ings  [2].  Some substances used 
in electrolytes can also have negative impacts, 
such as carbonate-based solvents and the l ithi-
um salt (LiPF6).  This latter can be decomposed 
to form hydrogen f luoride (HF),  which is high-
ly corrosive and toxic to the atmosphere.  The 
above environmental concerns involve the ac-
tive materials of the Li- ion batteries.  However, 
there are “ inactive” electrode materials that do 
not contribute to the energy storage capacity, 
but they fulf i l l  varied crucial  tasks within the 
battery cell ,  such as binders to hold the com-
ponents of the battery together.  These exhibit 
environmental impacts since they are typical-
ly made of f luorinated substances,  which pro-

duction is energy-intensive and generates sub-
stances that cause ozone depletion.   

Additionally,  Li- ion batteries involve complicat-
ed manufacturing processes that demand high 
amounts of energy,  including cell  assembly,  car-
ried out in severe dry room conditions.  There-
fore,  the electricity mix of the region where 
these batteries are manufactured plays an im-
portant role in the global warming potential 
category impact that measures the battery ’s 
CO2 eq emissions.  Li- ion batteries are usually 
manufactured in Asian countries,  which have 
a different electricity mix than most European 
countries.  In particular,  China dominates the 
battery production with 93 “gigafactories” that 
manufacture Li- ion cells ,  vs .  only four in the 
United States.  China’s electricity mix,  dominat-
ed by coal ,  contributes largely to global warm-
ing, which is blocking reaching the sustainabil-
ity targets.  Even though batteries are a product 
on their own, they alone can do nothing else 
than to store and transfer energy through time 
to other products and are used in diverse goods. 
This makes it  hard to do an LCA on batteries 
alone,  so these studies are either performed on 
the product that contains these or end-up just 
after the manufacturing phase,  ignoring the use 
and end-of-l i fe phases,  known as cradle-to-gate 
analysis [ 1] . 

Regarding the use phase,  the amount of ener-
gy coming out during the discharge of a Li- ion 
battery,  compared with how much was put in 
to charge it  (battery eff iciency) ,  should be as 
high as possible.  Reducing energy losses low-
ers the environmental impacts associated with 
the electricity production used to charge them, 
such as GHG emissions f rom fossi l  fuel combus-
tion.  Li- ion batteries are very eff icient (around 
97%),  however,  when including the chargers and 
other equipment needed to use them, the over-
al l  eff iciency decreases to around 90%. Thus, 
considering the battery ’s l i fetime, a 10% loss is 
sti l l  responsible for some signif icant environ-
mental impacts associated with the electricity 
mix used to charge batteries (which can alter 
the EV global warming potential  [ 10] ) . 

2nd l i fe applications and/or treatments 
to recover materials .  Hence, the cradle-
to-grave approach (check ISO 140044) 
needs proper def inition and consensus 
on how repurposing batteries with 2nd 
l i fe and recycling can exploit  the energy 
and economics invested in battery pro-
duction while reducing the environmen-
tal  impacts of battery waste landf i l l ing.  
Unfortunately,  the lack of standardisa-
tion  in environmental al locations and the 
diff iculty in data collection  complicates 
the obtention of rel iable results and de-
pend on the quality and the chosen da-
tabase,  generating different results and 
uncertainty.  

The EU Environment DG together with 
the JRC developed a method - the Prod-
uct Environmental Footprint (PEF),  to 
harmonise the methodology for the en-
vironmental footprint of products.  The 
method is largely in l ine with the LCA 
principles since it  was based on stan-
dards ( ISO14040 and the ILCD Hand-
book).  In addition,  the recent Product 
Environmental Footprint Category Rules 
(PEFCR) applicable for rechargeable sin-
gle cells or/and batteries used in e-mo-
bil ity – excluding charging unit ,  provide 
guidance that contributes to more con-
sistent ,  robust ,  and reproducible LCA 
al igned with the PEF method.

https://www.iso.org/standard/37456.html
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ENVIRONMENTAL IMPACTS

Release of toxic chemicals harms com-
munities and ecosystems. 
Water,  soil  and air contamination. 
Large groundwater usage.
High toxicity of materials used for 
extraction, which can leak into local 
ecosystems.
Signif icant GHG emissions/component.

SOCIAL IMPACTS

Use and contamination of (the scarce) 
water sources f rom local communities.
Human health risks.
Child labour,  improper work conditions.
I l legal extractions and countless deaths.
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Binders’  water pollution and 
(ozone-)depletion.
Release of toxic chemicals harms 
communities and ecosystems. 
Soil  and air contamination. 
Signif icant GHG emissions.
Highly energy-intensive manufac-
turing and assembly processes.

Air pollution harming human health.
Use of toxic materials,  risk for leaks.

Emissions f rom EV charging (de-
pending on electricity mix).

Human exposure to flammable 
materials.

Release of toxic chemicals harms 
communities and ecosystems. 
water,  soil  and air contamination.

Air pollution harming human health.
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Table 1 .  Environmental and social impacts of Li- ion batteries on each phase.

FURTHER CHALLENGES

Raw material scarcity.
Establishing a standardised LCA process.
Uncertainty of new battery designs and 2nd-life batteries impacts and performance.
High cost and lower performance, therefore questionable adoption of novel eco-de-
sign battery concepts.

Table 2 .  Main challenges encountered by state-of-the-art  Li- ion batteries.

SUGGESTED SOLUTIONS

Decarbonisation of energy sources.
Use of cleaner or renewable raw materials.
Highly abundant and easily accessible material compositions.
Expand the battery l ifespan (2nd l ife applications).
Recycling of critical raw materials.

Table 3.  Suggested solutions for the industry ’s challenges.

With al l  these aspects in mind, the complexity of the overall  environmental and social  impact of 
Li- ion batteries becomes clear.  Therefore,  it  is  important to make a detailed LCA of Li- ion batteries 
to compare their sustainabil ity aspects to other types of transport such as internal combustion 
engine vehicles.  At the same time, the LCA methodology can point out where the biggest improve-
ments in terms of impact can be made.
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Potential solutions/Future research areas 

Based on the above,  it  is  evident that to achieve 
the holistic sustainabil ity of Li- ion batteries,  the 
environmental impacts through their l i fe cy-
cle should be drastically reduced by means of 
decarbonised energy sources and sustainably 
sourced materials .  Battery manufacturers typi-
cally rely on the grid providers for the energy 
mix,  and therefore related emissions.  Luckily,  the 
decarbonisation of the energy sector is  gaining 
ground. Likewise,  research on less crit ical  and 
more sustainably sourced materials ,  as well  as 
battery recycling technologies is ongoing [ 1 ,  5]. 
In addition,  strategies focused on new compo-
nent designs are based on the use of a materi-
al  composition that contains materials that are 
highly abundant and ensure easy accessibil ity 
or production possibil it ies based on renewable 
raw materials ,  which can al leviate cobalt de-
mand and provide performance advantages [ 1 , 
5].  However,  these strategies are a great chal-
lenge, since reaching current Li- ion cell  perfor-
mance with these novel designs is rather diff i-
cult .  This is  because the materials selected for 
the new sustainable developments should meet 
the high requirements of the electrochemical 
processes.  Up to now, the green alternatives 
show one or more drawbacks inherent to the 
new materials ,  influencing the energy density, 
cycle l i fe,  or other key electrochemical param-
eters,  and are often not cost-competitive.  I f  not 
adequately addressed, innovations may lead to 
a greater upstream environmental impact in the 
pursuit of greater performances. 

Other strategies increasing the sustainabil ity of 
Li- ion batteries are extending the battery l i fes-
pan, prolonged battery cell  usage in 2nd l i fe ap-
plications,  and increased recyclabil ity.  The joint 
coordination of these strategies has been fo-
cused recently on research in circular economy 
principles to guide sustainable management of 
the Li- ion batteries at the end-of-l i fe.  Second 
l i fe batteries fol lowing a cascading reuse ap-
proach of batteries in stationary energy storage 
applications are the f inal hope for car manufac-
turers,  who, at the same time can create addi-
tional revenue streams f rom the battery re-use 
and for electricity uti l it ies that can adopt other 
energy uses (such as Peak-shaving, Time-of-Use 
management,  Transmission Deferral ,  Energy ar-
bitrage, etc .)  in the pursuit of low-cost batteries 
to make their business prof itable [ 11] . 

The suitable choice of the 2nd l i fe application 
depends on variable states of health and resid-
ual capacity after use in electric vehicles.  This 
can generate many complex scenarios f rom an 
LCA point of view to evaluate how the second 
l i fe concepts can “dilute” the carbon footprint 
of the battery production over more years of us-
age. On the one hand, the LCA study needs to 
def ine a functional unit to provide environmen-
tal  results comparable to other studies.  Hence, 
there is no clear consensus on it  when including 
2nd l i fe applications,  although the kWh of ener-
gy exchanged seems to be appropriate in many 
cases. 

On the other hand, the system boundaries 
should be well  def ined according to the al loca-
tion of the environmental impact of both man-
ufacturing and EoL stages.  This means that the 
al location of the environmental impact rep-
resents an unresolved issue to be addressed at 
a post-stage, entail ing one of the most complex 
characteristics of the LCA when thinking of a 
Cradle-to-Cradle approach, since they are dif-
ferent concepts [ 1 ,  12]  .  In a repurposing scenar-
io where the l i fetime of the battery is extended, 
not al l  the impacts of both manufacturing and 
EoL should be al located to the second l i fe of the 
battery,  since it  already fulf i l led the purpose for 
which it  was built  Thereby,  an al location system 
should be def ined which is at the discretion of 
who conducts the study.  Nonetheless,  different 
LCA studies considering second l i fe scenarios 
state that they offer the potential  to minimize 
the magnitude and pace of LIB waste genera-
tion while at the same time reducing the l i fe 
cycle environmental impacts of energy systems.  

“People underestimate what 
recycling can do for the electric 

vehicles industry. This could 
have a huge impact on raw   

material prices and output in 
the future.”

CELINA MIKOLAJCZAK 

LI-ION BATTERY EXECUTIVE AND    
MEMBER BOARD OF DIRECTORS IN

QUANTUMSPACE
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Although the industry must work towards en-
larging the l i fe of the battery ensuring a 2nd 
l i fe,  it  is  important to bear in mind that any l i fe 
extension wil l  also have some negative environ-
mental implications,  even if  these are lower than 
the ones generated by using new batteries.  Al-
though being used even in recent studies  [ 13] , 
the comparison on the impact against the use 
of new batteries is considered to be non-realis-
tic ,  as new batteries aren’t l ikely to be used for 
such purposes due to their high economic costs, 
and thus,  this so-called “environmental savings” 
are diff icult to occur in the close future. 

The recycling of batteries is currently effective in 
searching for high-cost elements and materials 
and discarding much of the other components. 
For instance,  although it  is  possible to recycle 
l ithium, the cost of recycled l ithium is higher 

than virgin,  thus,  the process has not been ad-
opted. Cobalt ,  copper,  aluminum, and other el-
ements of the battery are recovered using pyro 
and hydrometallurgical methods,  mixing it  al l 
together [8] .  However,  the gross amount of bat-
tery recycling is sti l l  coming f rom small  devices 
such as laptops and mobile phones.  Once EV bat-
teries begin to come at high rates,  the industry 
wil l  evolve accordingly.  Maybe if  batteries were 
manufactured in a way that they are easier to 
dismantle or re-use (fol lowing eco-design prin-
ciples) [8] ,  this process would be less expensive 
and much more interesting f rom an economic 
perspective.  Nevertheless,  arising policies and 
taxes in carbon pricing and footprint ,  together 
with the new technology developments in ma-
terial  reuse and recycle might impact the previ-
ous statements. 
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RELEVANT RECENT ARTICLES ON ENVIRONMENTAL AND SOCIAL IMPACTS OF 
LI-ION BATTERIES

REVIEW ON GREENER BATTERY CELLS [1]  
Cradle-to-cradle,  requirements,   LCA , sustainabil ity.

Li-ion batteries are among the state‐of‐the‐art technologies able to meet most of the key require-
ments of the industry at a justif iable cost .  However,  the industry must not forget to assess the 
impact these have on the planet and its inhabitants.  This review provides a deep cradle-to-cradle 
l i fe cycle assessment of the battery cell ,  providing different approaches for the development of 
“greener ” Li- ion batteries.  In addition,  alternative battery technologies are evaluated regarding 
their sustainabil ity aspects and competitiveness.

READ MORE

HUMAN RIGHTS ABUSE IN D.R. CONGO IN COBALT EXTRACTION [2] 
Social sustainabil ity,  cobalt ,  working conditions,  impacts.

This report highlights the harmful conditions in which cobalt miners,  including the high number 
of children, in the Democratic Republic of the Congo work.  Using basic low-tech tools,  miners dig 
out rocks f rom tunnels deep underground under poor safety conditions and minimal protective 
equipment.  Besides,  the supply chain and prolonged exposure to such material  have fatal  health 
effects on the workers.  Thus,  the report gives a ful l  overview of al l  social  impacts of the cobalt ex-
traction process.
READ MORE

THE ENVIRONMENTAL AND SOCIAL COSTS OF THE LITHIUM-ION BATTERY 
INDUSTRY [3]  
Extraction,  impact ,  l ithium, cobalt ,  nickel .

The extraction of the materials within Li- ion batteries has a serious impact on the planet .  Such is the 
case that some experts in the f ield describe the process as invasive,  harming the landscape, destroying 
the water resources,  and polluting the earth and the local wells .  The following articles provide example 
cases on the environmental and social  impacts of l ithium, cobalt ,  and nickel mining and processing.
READ MORE HERE and HERE

GLOBAL BATTERY ALLIANCE IN THE SEARCH FOR SAFER AND MORE 
SUSTAINABLE BATTERY SUPPLY CHAINS [4] 
The Global Battery All iance,  value chain,  investment,  costs.

The Global Battery All iance (GBA) is a public-private collaboration platform of 70 organizations found-
ed in 2017 to help establish a sustainable battery value chain.  The transport industry needs to actively 
react to current supply chains and establish sustainable market conditions while accelerating battery 
deployment in support of this vision and attract more investment.  Batteries also need to become more 
affordable through lower production costs,  lowering emissions,  el iminating human rights violations, 
ensuring safe working conditions across the value chain,  and improving repurposing and recycling.

READ MORE

BIOMASS: A MORE SUSTAINABLE OPTION FOR LI-ION BATTERY 
ELECTROLYTES [5] 
Biomass electrodes,  binder,  decarbonise,  biowaste

Storage of energy sti l l  rel ies on harmful heavy metals in batteries.  Therefore,  research on biomass‐
derived electrodes has been taken up by a multitude of researchers worldwide.  Considering that 
electrodes in batteries could be composed of al l  kinds of carbonised and noncarbonised biomass, 
biomass‐based binders can replace toxic halogenated commercial  binders to enable a truly sus-
tainable future of energy storage devices.  This report summarises the recent research progress in 
this rapidly emerging f ield,  with a focus on potential ly ful ly biowaste‐derived batteries.

READ MORE

https://www.researchgate.net/publication/340462517_Toward_Green_Battery_Cells_Perspective_on_Materials_and_Technologies
https://www.sciencedirect.com/science/article/pii/S2212827118312885
https://www.instituteforenergyresearch.org/renewable/the-environmental-impact-of-lithium-batteries/?__cf_chl_captcha_tk__=4b2c945d479511b28a1f4e48160968eef676b4a9-1625217737-0-AeiNTa0WBzDR4heZu0ngjQ0qzHYcTMjzvB0CJjWwPIQEh82_rBt1OCO3LdVCz9p-ma5j9aOy_TXGShl0Zfd0JwtomYtAk67Q6qJ7w1Jt53_KPMseuRv7IIHZ5BevbmRS8P0_NKHQfIsE2zo7tr0Xk4sOpqZMie6RC9MM-cFjBZ3mikzMivZ5Di6PFBs601i36jhppLO0etyWejHh9oIq33O2XjAnZTYjcUXHwdcY-HA2suWXTFaYL28gtiPLZTiXDy_HYLvuWqk-QVgxgxSiJIk905qnoNQ3zIWt3ox-BpnyZj7CYB56PIYIAqK5tGdQWqLGVj0MHBc9Pmw-4U1P1lOWI1PkSdEqyAoyYFfI-jLYGQnmfLwTKzdDMQtLzffklbjd9OkU0E-liUx3D5DM1y7J2VJDERU1tTO1ytCJC6Iw0Fd3BuCJUipPzLl-hKxolwygWJl0Fg5ueKHb2Yuoo0cZnsz6sGN03hcK511KMThqHqjGmpNJWr5vsxaPRH3VkRKnHmP5pSi96ZNWiJ3ORTWdoNLywAXU0GbAoQ14qmfIKIJxK_Pi3t9lyFj5RG1512bwwLyP4WGh5Oc9cPxeaBaDgDB4WcH58MVIETRQL00rRM2qFrW1UH0c_AXU1p6Qf86JYfWmLF14Cx-qXc5BjAVnIQWGLXk4kF2q1gAIf8PENIto40_xEgyuYj4YPsKkDA 
https://www.sciencedirect.com/science/article/pii/S2212827118312885
https://www.weforum.org/global-battery-alliance/home
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7318311/
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CRITICAL RAW MATERIALS RESILIENCE: GREATER SECURITY AND 
SUSTAINABILITY [6] 
Material  supply,  resi l ience,  actions.

European industrial  ecosystems must become more resi l ient and sustainably secure their material 
supply to scale up clean and digital  technologies.  Therefore,  the European Commission in close 
partnership with other EU institutions,  the European Investment Bank, Member States,  regions, 
the industry,  and other key stakeholders are moving forward with the deployment of a sustainable 
strategic plan by 2022.  More details in regards to its strategic priorit ies and actions can be found 
in the fol lowing article.
READ MORE

ARE ALL-POLYPEPTIDE BATTERIES THE SOLUTION TO THE CHALLENGES 
FACED BY CURRENT EV BATTERIES? [7] 
Recycling, metal-f ree,  redox-active.

“The rate of recycling Li- ion batteries right now is in the single digits .  There is valuable material 
in the Li- ion battery,  but it ’s  very diff icult and energy-intensive to recover,”  states Jodie Lutken-
haus,  Professor of Chemical Engineering at Texas A&M University.  The fol lowing article highlights 
and further explains the benef its of developing metal-f ree,  al l-polypeptide organic radical battery 
composed of redox-active amino-acid macromolecules and how these entail  s ignif icant progress 
toward sustainable,  recyclable batteries that minimise dependence on strategic metals .

READ MORE

CHALLENGES IN THE DECONSTRUCTION OF BATTERIES FOR THEIR 
RECYCLABILITY [8]
Extraction,  impact ,  l ithium, cobalt ,  nickel .

Most of the valuable materials extracted for recycling are found in individual battery cells .  Howev-
er,  current EV batteries are designed to increase robustness,  which makes disassembly cumber-
some. For this reason, today ’s recycling methods are sti l l  in their infancy.  After the battery is dis-
charged and the case is removed, modules are shredded and thrown in a heater.  Lighter materials 
l ike l ithium and manganese burn,  leaving behind an al loy slurry that contains higher-value metals 
l ike copper,  nickel ,  and cobalt ,  which can be purif ied using strong acids.  This pyro- and hydromet-
allurgical recovery require large amounts of energy and produce hazardous gases and waste.
READ MORE

THE IMPACTS OF THE TRANSPORT INDUSTRY IN EUROPE [9] 
Pollution,  emissions,  impacts,  regulations,  policies,  EU.

The transport industry is among the most impactful sectors contributing to cl imate change and 
atmospheric and noise pollution in the EU. Although some other industries such as the energy 
sector have reduced their emissions since 1990, the ones coming f rom transport have increased, 
representing a quarter of the overall  GHG emissions in Europe. The fol lowing article summarises 
the different impacts the industry has on the planet and brings up some new regulations and pol-
icies coming f rom the EU.

READ MORE

SUSTAINABILITY ANALYSIS OF THE ELECTRIC VEHICLE USE IN EUROPE FOR 
CO2 EMISSIONS REDUCTION [10] 
Decarbonisation,  emissions,  GWP, Europe.

This study focuses the analysis on how electric vehicle emissions vary when compared to inter-
nal combustion engine vehicles,  depending on the energy mix and the eff iciency during the use 
phase.  For this to be done, there is a need to calculate the Global Warming Potential  (GWP) associ-
ated with the electricity generation of the most prof itable electric vehicles coming f rom European 
countries.  Similarly,  an electric vehicle’s use-phase energy eff iciency is calculated under a wide 
range of driving conditions using the Monte Carlo method. Finally,  the paper highlights which 
countries have a bigger potential  for decarbonisation f rom the introduction of EVs.

READ MORE

https://www.linkedin.com/pulse/critical-raw-materials-resilience-greater-security-/?trackingId=D7c%2BSjORq4TkNkz4ydZSew%3D%3D
https://www.weforum.org/agenda/2021/05/scientists-are-developing-a-new-metal-free-battery-which-is-more-ethical-and-environmentally-friendly/
https://www.nationalgeographic.com/environment/article/electric-vehicles-take-off-recycling-ev-batteries
https://www.eea.europa.eu/es/themes/transport/intro
https://www.sciencedirect.com/science/article/abs/pii/S0959652616301925
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END OF ELECTRIC VEHICLE BATTERIES: REUSE VS. RECYCLE [11] 
Recycling, reusing, circular economy, battery manufacturers,  electric vehicle.

The global EV market is signif icantly increasing and hence battery consumption. The challenge in 
the market is to f ind an optimal solution f rom two options,  whether to recycle the battery after its 
f irst use in the EV or to re-use it  (second l i fe) .  Looking at the rate at which EVs are deployed in the 
market and coupling the concepts of reusing and recycling together,  strategically this would form 
a circular economy. Once the inf rastructure is developed for battery recovery for EVs,  Europe’s po-
sit ion can strengthen, and it  could become one of the largest battery manufacturers and exporters 
as well .
READ MORE

THE MID-POINT BETWEEN CIRCULAR ECONOMY, LCA AND 
CRADLE-TO-CRADLE [12] 
Cradle-to-cradle, ,  LCA , circular economy, impacts.

Life Cycle Assessment,  Circular Economy, and Cradle to Cradle are seen as interchangeable terms 
by some, and totally separate concepts by others.  The fol lowing article takes a mid-point perspec-
tive for the optimal approach and concluding that ,  while an LCA study focuses primarily on reduc-
ing the negative impact ,  a product’s sustainable performance can be maximized by bringing to-
gether the rel iable data of quantitative LCA and C2C concepts to inform a wider circular economy.

READ MORE

EVALUATING THE COST AND CARBON FOOTPRINT OF SECOND-LIFE ELECTRIC 
VEHICLE BATTERIES [13] 
Extraction,  impact ,  l ithium, cobalt ,  nickel .

Most automotive Li- ion batteries are recycled but could be repurposed as second-l ife batteries 
since they have 70–80% residual capacity,  which can be adequate for stationary applications.  Even 
though second-l ife Li- ion batteries offer an opportunity to uti l ize an end-of-l i fe product for energy 
storage applications,  there is sti l l  high uncertainty in the quality and on whether these wil l  provide 
similar cost and carbon emission reduction for the different stationary applications in al l  locations 
compared to new Li- ion batteries.
READ MORE

https://www.mdpi.com/1996-1073/14/8/2217
https://www.thinkstep-anz.com/resrc/blogs/cradle-to-cradle-life-cycle-assessment-and-circular-economy-a-love-triangle/
https://www.sciencedirect.com/science/article/abs/pii/S0956053X20302749
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OTHER TECHNICAL, MARKET AND POLICY DEVELOPMENTS

STRAUBEL IS WORKING ON MINIMISING THE MINING OF CRITICAL RAW 
WMATERIALS IN BATTERIES.
J.  B.  Straubel ’s mission,  with the creation of the start-up “Redwood Materials”,  is  to drastically re-
duce mining of raw materials such as nickel ,  copper,  and cobalt over several  decades by building 
out a circular or “closed-loop” supply chain that recycles and recirculates materials retrieved f rom 
end-of-l i fe vehicle and grid storage batteries and cells scrapped during manufacturing. To do so, 
the organisation wil l  combine pyrometallurgy processes (burning batteries to remove the unwant-
ed materials)  and hydrometallurgy (soaking the Li- ion cells in acids to dissolve the metals into a 
solution). 
READ MORE HERE AND HERE

SOLVENT BASED DELAMINATION: AN INNOVATION TO RECOVER GRAPHITE 
AND LITHIUM FROM BATTERIES. 
The supply scarcity and dependency in other geographical locations of the crit ical  raw materials 
graphite and l ithium are accelerating the urgency to recover these f rom existing batteries,  ensur-
ing domestic supply.  Solvent-based delamination is a new process that separates active material 
powders f rom current collector foi ls using inexpensive,  nontoxic solvents.  These do not entail  wa-
ter and/or air  pollution,  nor damage to active materials and current collectors.

READ MORE

LITHIUM EXTRACTION PLAN TAKES ROOT IN ARKANSAS: INTERVIEW WITH 
ROBERT MINTAK. 
El Dorado’s chemical industry and the state regulatory structure,  along with plentiful  water and 
inexpensive electricity,  have smoothened the path for Standard Lithium, a technology developer 
for specialty chemicals and extractive processes.  This organisation aims to extract through inno-
vative technology:  LiSTR ( l ithium stir  tank reactor) .  The brine is a chloride matrix brine the reaches 
the plant at about 70ºC, where it ’s  mixed with a l ithium-selective absorbent material .  Adjusting 
the pH the technology can recover >90% of the l ithium f rom the brine.  The l ithium is moved in a 
slurry through washing and thickening stages unti l  it  reaches a toothpaste consistency.  Changing 
the pH again by introducing a diluted hydrochloric acid they obtain a raw l ithium chloride solution 
recovering 90% of the l ithium in a high-purity l ithium chloride solution in less than a day.  Hence, it 
has a lower footprint ,  higher recovery,  and higher purity.  This new technology is expected to reach 
a commercial  scale within two years. 

READ MORE

REPORT ON U.S. 2019 BATTERY R&D ADVANCES.
America’s Energy Department is leading the charge in curtai l ing U.S .  dependence on crit ical  ma-
terials ,  by reducing the amount of these in the battery production and recycling the materials that 
are already in use,  while cutting down the costs for both,  consumers and businesses.  The fol lowing 
report shows the extensive battery research and development performed by this department in 
2019.  

READ MORE

BIDEN ANNOUNCES ITS AMBITION TO REALLOCATE EXTRACTION PLANTS TO 
THE US. 
“DOE wil l  release a National Blueprint for Lithium Batteries that wil l  codify the f indings of the 
battery supply chain review in a 10-year,  whole-of-government plan to urgently develop a domes-
tic l ithium battery supply chain.”  The blueprint f rom these wil l  be discussed at a roundtable with 
various experts f rom the battery supply chain this month. Moreover,  DOE is about to leverage “$17 
bil l ion f rom the Advanced Technology Vehicles Manufacturing Loan Program to support the do-
mestic battery supply chain” by e.g. :   incentivising manufacturers of advanced battery cells and 
packs to expand or reallocate their manufacturing sites in the U.S . 

READ MORE

https://www.reuters.com/article/us-batteries-redwood-recycling/ex-tesla-exec-straubel-aims-to-build-worlds-top-battery-recycler-idUSKBN26S3IU
https://www.wired.com/story/the-race-to-crack-battery-recycling-before-its-too-late/
https://recellcenter.org/research/recovery-of-other-materials/
https://about.bnef.com/blog/lithium-extraction-plan-takes-root-in-arkansas-qa/
https://www.energy.gov/sites/prod/files/2019/07/f64/112306-battery-recycling-brochure-June-2019%202-web150.pdf
https://amp-detroitnews-com.cdn.ampproject.org/c/s/amp.detroitnews.com/amp/7591500002
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IREC’S REFLECTION ON DEVELOPMENTS IN COMPARISON WITH COBRA

Professional background

Relation to/ Role in COBRA

Q1: How would you personally tackle the issue 
of not being able to assess and perform an LCA 
of the battery on its own?

I  would seek support f rom experts to help me ap-
plying the LCA methodology,  in particular in the 
battery f ield.  This is  a methodology that despite 
being standardized, each researcher or techni-
cian can consider different criteria,  scopes,  and 
objectives.  It  implies collaborative work with 
other researchers dedicated to the battery LCA 
studies.  While conducting the LCA , we must pay 

attention to the data collection process,  since 
the battery value chain involves complex pro-
cesses,  especial ly in the production phase.   Data 
for the foreground processes must be of quali-
ty,  thereby,  we should seek close collaboration 
with the manufacturers and entit ies dedicat-
ed to recycling processes.  In addition,  we must 
have recognized and updated databases for the 
background processes (raw material  extraction 
and energy sources) .  These can be private and 
public databases,  for example,  those that we 

The work performed in COBRA wil l  contribute to overcoming challenges to solve several  problems 
highlighted in the previous sections.  In particular,  our research addresses one of the main issues 
involving environmental and social  implications in the battery value chain,  as it  is  developing new 
cobalt-f ree battery generations,  based on LNMO chemistry for their cathodes.  The project is  also in 
the direction to reduce the dependence of CRM without neglecting to fulf i l l  requirements in terms 
of cell  energy,  rate-capabil ity,  and l i fe cycle.  The project is  focused on the design of anodes based 
on si l icon and graphite as active particles to increase the anode performance when compared with 
pure graphite.  However,  to avoid the additional incorporation of environmental burdens associated 
with si l icon, the project considers the use of recycled si l icon f rom waste streams, which is in l ine 
with the circular economy principles.  Additionally,  other novel components are being used in the 
development of new electrolyte solutions,  and more sustainable and energy-eff icient battery-pack 
manufacturing.  At the moment,  the COBRA consortium is working on the design of the battery 
system at al l  levels (material ,  component,  cel l ,  module,  and battery pack).  The environmental ,  eco-
nomic ,  and social  performance f rom an LCA perspective of these innovations wil l  be evaluated for 
the different alternatives to provide guidelines in the design of greener batteries and an easier 
management in end-of-l i fe scenarios involving recycling technologies and 2nd l i fe usages,  which 
wil l  reduce the use of material  resources and consequently their environmental impacts. 

Victor José Ferreira Ferreira
Senior researcher at IREC

Victor is  a chemical engineer with a PhD in the matter f rom the University of Porto (2013) . 
Currently,  he works as a Senior researcher at IREC applying Life Cycle Assessment and 
cost methodologies to support the Circular Economy and Eco-designs of energy technol-
ogies.

Within COBRA , Victor works optimising materials ,  processes,  energy consumption and 
treatment at the end of l i fe considering the useful l i fe of products,  processes and ser-
vices f rom the environmental ,  economic and social  point of view.

INTERVIEW WITH VICTOR JOSÉ FERREIRA FERREIRA
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public databases,  for example,  those that we 
can f ind in the European Platform on Life Cycle 
Assessment.  On the other hand, we have to be 
careful when making an environmental compar-
ison between products using the LCA approach, 
since different results can be found in l iterature. 
I  would look for the latest trends,  methods or 
recommendations for the application of LCA 
when having to evaluate a new generation of 
batteries being developed with respect to other 
conventional ones to report a rel iable LCA . 

Q2: As all  the assessment options discussed 
throughout the paper are mainly based on an-
alysing the environmental and economic sus-
tainabil ity of the different phases, what do you 
consider the best option to monitor or assess 
the social impacts of batteries? How is this 
done currently within the industry?

Most battery sustainabil ity studies are focused 
on economic and environmental aspects.  Bat-
tery manufacturers have given l itt le attention to 
the social  implications,  probably due to the dif-
f iculty of assessing quantitatively the social  im-
pacts of batteries fol lowing the LCA methodolo-
gy because of current sources of data and social 
categories.  However,  researchers are developing 
new methods for quantif ication.   From my point 
of view, to provide a picture of social  impacts 
related to batteries,  the supply chain f rom min-
ing companies to battery manufactures should 
be monitored, as the activit ies associated with 
the raw material  extraction generate consid-
erable impacts around the local communities 
where these are mined. Moreover,  in order to 
close the loop and enhance the circular econo-
my of batteries,  the effect of recycling/re-use of 
batteries should be taken into account.  Battery 
recycling offers an opportunity to maximize the 
use of materials before their eventual disposal 
to reduce the raw material  extraction and the 
energy involved. The second-l ife of EV batteries 
is also a very promising pathway for reducing 
the cumulative social  impacts of batteries and 
a new opportunity to generate new business 

models.  Under this context ,  battery research-
ers and manufacturers have a moral responsi-
bil ity to analyse where the social  confl icts,  risks 
or opportunities,  within their activit ies occur.  

Q3: Considering there are different LCA tem-
plates and indicators,  which one is the one 
chosen by COBRA for the project and why?

The COBRA project’s LCA indicators are based 
on recognised standards and guidelines for the 
proper evaluation of products and systems (that 
can be found in  the COBRA report .  For the en-
vironmental performance description,  several 
metrics are selected around energy consump-
tion,  cl imate change effects,  and primary ener-
gy demand.  The economic aspects are assessed 
through analysis of CAPEX and OPEX variables 
and, also,  the end-of-l i fe evaluation on the total 
economic impact of the battery pack.  While the 
social  evaluation,  performed by an experienced 
external partner,  includes the analysis of poten-
tial  labour abuse-related risks and safety and 
health risks derived f rom the use of the devel-
oped technology.  We can f ind al l  chosen indica-
tors in the following COBRA report .

Q4: What are the differences and similarities 
between COBRA’s approach and the market’s/
industry ’s general approach when addressing 
the impacts of state-of-the-art Li-ion batter-
ies?

The LCA methodology in use is similar to the 
one generally chosen in the market ,  which is 
focused on the production stage. However,  the 
COBRA project also addresses the impacts f rom 
the early stages of cobalt-f ree battery develop-
ment/design. The analysis of the environmen-
tal ,  economic ,  and social  impacts,  considering 
al l  l i fecycle phases,  wil l  provide insights of the 
different developments at the material ,  com-
ponent,  cel l ,  module,  and battery pack level .  In 
addition,  recyclabil ity and eco-design concepts 
are also considered to achieve the targeted sus-
tainabil ity performance of the new generation 
battery technology. 

Second life applications and 
recyclability are expected to 

aid in reaching a more sustain-
able value chain, considering 

all  three pillars:  environmental, 
social,  and economic.

1·  Clear review goal/scope def inition
2·  Critical  review of references
3·  Identify signif icant parameters
4·  Harmonise parameters
5·  Statistical  supportive analysis
6·  Results and discussion

https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5cde0b7be&appId=PPGMS
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5cde0b7be&appId=PPGMS
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Q5: How does the project contribute to solu-
tions that encourage the recycling and repur-
posing of batteries? 

COBRA project contributes to this taking a cra-
dle-to-grave perspective in its LCA to provide the 
environmental benef its of ful l  solutions,  includ-
ing their second l i fe application and recyclabil-
ity to reduce the consumption of raw materials . 
In contrast to the most common methods for re-
cycling and recovery of metals (hydrometallur-
gical  and pyrometallurgical processes) ,  which 
have large environmental impacts,  the COBRA 
project is  developing a bioleaching method to 
recover materials ,  which is expected to have 
lower impacts.  In addition,  design aspects are 
being considered in the development of new 
battery generation to enhance the 2nd l i fe ap-
plications based on their needs and require-
ments. 

Q6: How do you foresee the future scenario of 
sustainable batteries and how will  COBRA’s 
outcome contribute to it?
 
I  think that the future for sustainable batteries 
wil l  be focused on considerable efforts to min-
imise the material  and manufacturing impacts 
of Li- ion batteries,  in particular new electrode 
designs and alternate materials that al leviate 
cobalt demand and provide performance advan-
tages,  such as higher energy and power density 

or longer l i fetime. In addition,  the new designs 
wil l  include increasingly the circular economy 
principles that can guide sustainable manage-
ment of the growing stream of end-of-l i fe bat-
teries considering recovery through hierarchy 
pathways,  i .e . ,  direct reuse of used batteries in 
vehicle applications,  cascading reuse in less de-
manding energy storage applications,  material 
recovery through recycling processes with low-
er impacts,  and sending a minimum amount of 
material  to downstream disposal .  The COBRA 
project hence contributing to the design of new 
cobalt-f ree batteries,  high energy density,  and 
rate of self-discharge including 2nd l i fe aspects 
and recyclabil ity with a holistic LCA assessing 
the three pil lars of sustainabil ity :  environmen-
tal ,  economic ,  and social . 

Contact details

info@irec .cat
+34 933 562 615

www.irec .cat

This report reflects only the author’s view. The European Commission and the Innovation and Networks Executive 
Agency (INEA) are not responsible for any use that may be made of the information it contains.
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