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Abstract: Efforts to reduce CO2 emissions in road transportation will lead to an estimated thirty fold increase
of the number of EVs by 2030, and consequently an estimated 12.85 million tons of Li-ion batteries from EVs will go
offline between 2021 and 2030. Therefore, end-of-life, waste management schemes should be put in place to success-
fully deal with the battery ‘waste’. Knowing full well that bringing down the levels of GHG emissions in the atmosphere
is the only way to truly mitigate the destructive effects of climate change and the recycling industry has an important
role to play in the effort, this paper aimed at reviewing different Li-ion EV battery recycling procedures. The findings
showed that recycling Li-ion batteries helps prevent the shortage of critical minerals from a mass flow perspective,
however, from an environmental perspective, the current available technologies are not recommended to recover the
base materials from Li-ion batteries since they lead to more consumption of energy and higher air emissions than
primary production.
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NPEIU3BUIIUTE U OITPABJAHOCTA HA PEINUKJIMPAILETO
HA JIATUYMCKHUTE-JOHCKH BATEPUM KOU CE CPEKABAAT KAJ EJIEKTPUYHUTE BO3UJIA

A mcTpax 1 Hamopure 3a HamamyBame Ha emucunte Ha CO2 0]l MAaTHHOT TPAHCIOPT Ke JOBEAAT JIO
TPHECEKTPATHO 3roJieMyBambe Ha OpojoT Ha eexTpuunn Boswia (EVS)) 1o 2030 roauHa, a clieICTBEHO HA TOA OKOITY
12.85 MUITHOHN TOHM JINTHYMCKH OaTepHu Ke 3aBpIiaT Kako otnaj Bo nepronot o 2021 no 2030 roguna. Toxmy 3atoa
ce jaByBa morpebara oJ BOCIIOCTaByBalk-€ METOIONIOTH]ja 32 YIPaByBamke CO )KUBOTHHOT Bek Ha EVS koja Ou Bogena
KOH YCIICIITHO CIIPaBYBame CO OBOj OTHa[. 3HAEjKH JIeKa HaMalyBameTo Ha EMHCHHTE HA CTAKICHHIKUTE TaCOBH BO
aTMocdepara e eIMHCTBEHHOT HAYKH Ja ce yOnaxar IeCTPYKTHBHUTE e(EeKTH 0] KITUMATCKUTE MPOMEHH, PELUKINpPa-
BETO UTPa BayKHA yJIora Bo 0Boj mpotec. ITa Taka, 0BOj TPy MMallle 3a [eJl Aa ' COrJiea MPEJHOCTUTE U HeJ0CTaTo-
[IMTE HA PAa3IMYHHUTE MOCTANKK 3a pelUKINpame Ha Oatepunte o EVS. Pesynrarure ox ananu3ara mokaxysaar jeKa
PELUKINPABETO Ha TUTHYMCKHUTE JOHCKH OaTepiy € 3Ha4ajHO TopaIy Toa IITO Ha TOj HAUUH Ce [ITeIH Ha KPUTHYHUTE
CYPOBHHH, HO OJ] SKOJIOIIKA MEepCHEeKTHBa TEXHOJOIHUTE JOCTAITHH BO MOMEHTOT HE CE MpernopadyBaaT 3a U3BIe-
KyBambhe Ha 0a3UYHHUTE CYypPOBHUHHU OJ1 IMTHYMCKHTE jJOHCKH OaTepHu, OUAejKH caMHTe TOCTANKH 33 PELUKINPAbEe BOAAT
JI0 rojieMa TOTPOIIyBaYKa Ha CHeprja U 10 0CI000/1yBamke MOroJIeMO KOJIMYECTBO CTAKIICHUYKH TaCOBU BO BO3IYXOT
OTKOJIKY IITO OH ce 0CI000AMI0 CO MPUMApPHOTO MIPOU3BOJICTBO.

Kny4ynu 360poBH: eMHCHH HA CTAKIIEHUIKH TaCOBH; YIIPaByBabe CO OTIAJ; IUPKyIapHa eKOHOMH]a;
MOBpAT Ha IPHIMapHATE CYpOBUHU

1. INTRODUCTION will lead to an estimated thirtyfold increase of the

number of EVs by 2030 [1]. However, as production

Electric vehicles (EVs) seem to provide an el- increases, the resulting waste at the end of the EVs
egant answer to the transport sector’s CO, emissi- useful lives should also be kept in check. The

ons and efforts and policies aimed to reduce them battery packs are one of the first things that go to
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waste, retiring from their automotive application
once their metric state of health drops to 80% [2, 3].
Projecting that 12.85 million tons of lithium-ion
(Li-ion) EV batteries will go offline between 2021
and 2030 and being aware of the EV industry’s
mineral supply risk, reuse value, and the carbon
offset potential of circular economies for Li-ion
batteries, the success of the automotive industry and
the electric mobility sector will depend on recyc-
ling.

Materials that can be recovered fall into one of
these groups: lithium salts, cobalt, aluminium, and
other (steel, plastic and various metals). In an anal-
ysis from 2014 [4], an optimistic assumption of
100% extraction of each of these materials is used
and the results show that (in the current commodi-
ties market) the costs far outweigh the benefits of
recycling Li-ion batteries [5]. However, the benefits
of Li-ion battery recycling might lay with environ-
mentalism and the evolving closed-loop supply
chains in which the content recovered by recycling
will be returned to the battery manufacturing pro-
Cess.

Moreover, bringing down the global GHG lev-
els is the only way to mitigate the destructive effects
of climate change and the recycling industry has an
important role to play in the effort. This paper aims
at reviewing different Li-ion EV battery recycling
procedures to find out how energy and carbon inten-
sive each of these procedures is and pinpoint if the
current material recovery methods are entirely envi-
ronmentally friendly or not.

2. MATERIALS
Li-ion battery life

Li-ion batteries store high amounts of energy
in addition to being lightweight and having a cost-
efficient production, all of which have forecast them
to have the highest potential for future energy stor-
age technology. Lithium’s use in HEVs and EVs is
relatively new, but supporters claim 10-20 years
battery life [6]. This is a longer life expectancy than
other battery packs, a desirable feature for cost-con-
scious consumers, and they can charge and dis-
charge quicker, while less likely to lose their charge
when not used.

The most commonly used Li-ion batteries in
EVs are the NMC (Lithium Nickel Manganese Co-
balt Oxide) and NCA (Lithium Nickel Cobalt Alu-
minium Oxide) batteries (Table 1). Based on the
type the share of the base metals like cobalt (5-

20%), nickel (5-10%), and lithium (5-7%) may
vary [7]. NMC have two major advantages: high
specific energy and low cost, but they are moderate
in terms of specific power, safety, lifespan, and
performance when compared to the other types of
Li-ion batteries. The other commonly used type, the
NCA battery, offers one strong advantage, and that
is high specific energy. It is moderate in the rest of
the characteristics like performance, cost, specific
power, and lifespan, and its popular use in EVs and
especially HEVs can confirm that. The main
downside to this battery type is its low level of
safety and potential to catch fire.

Another often-used Li-ion battery type is the
Lithium-Iron-Phosphate (LFP) battery. It benefits
from higher energy density than both NMC and
NCA batteries, meaning that a single NMC/NCA
battery cell will require twice as much room as an
LFP battery, which is very important for vehicles
with limited space. However, the charging effi-
ciency of NMC/NCA lithium batteries is higher
than that of LFP batteries. But at the end, the life
cycle of a LFP battery is better than a NMC/NCA
lithium battery. The theoretical life of a NMC lith-
ium battery is 2000 cycles, but its capacity fades to
60% when it runs 1000 cycles; even the best-known
Tesla NCA battery can only maintain 70% of its ca-
pacity after 3000 cycles, while the LFP battery will
remain at 80% after 3000 charging cycles [9].

Table 1

Types of cathodes in Li-ion batteries,
their developers and vehicle application [8]

Types of cathodes ~ Developers Vehicle application

Mercedes Benz S400

Nickel, cobalt, and  Johnson

aluminium (NCA)  Controls, Hybrid, Tesla Model S
Panasonic

Manganese LG Chem, Chevrolet Volt, nissan
NEC Leaf

Iron-nano-phosphate  A123 Systems Fisker Karma,
Chevrolet Spark

Nickel, manganese, EnerDel THINK City electric
and cobalt (NMC) vehicle

Battery components

Before understanding what a Li-ion battery is
composed of, an explanation of a typical EV battery
cell is required. The battery cell consists of two elec-
trodes that sit in an ion-rich solution called electro-
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Iyte. A polymer film, called a separator, separates
the two electrodes which are positioned very close
to each other, thereby preventing a short circuit. The
battery cannot function without any of these four
main components (cathode, anode, electrolyte and
separator) (Figure 1).

The cathode, being composed of layered tran-
sition metal oxides, determines the capacity and the
voltage of the battery. If a cathode has a higher amo-
unt of lithium, then its capacity will be bigger. In Li-
ion batteries, the cathode is made of lithium oxide
since lithium in the element form is unstable. That
means that lithium oxide is used as an active mate-
rial which reacts chemically to produce electrical
energy when the cell discharges. A layer of alu-
minium is used to hold the frame of the cathode
coated with a compound made up of active material,

conductive additive, and a binder. The active mate-
rial contains lithium ions; the conductive additive is
added to increase the conductivity; and the binder
acts as an adhesive which enables well setting on the
aluminium substrate.

The anode is composed of graphite and other
conductive additives. Its substrate is also coated
with active material; the active material enables
electric current to flow through the external circuit,
while allowing reversible absorption or emission of
lithium ions released from the cathode. Graphite is
used in the anode because of its stable structure, and
the substrate is coated with active material, conduc-
tive additive, and a binder.

The entire product is saturated in the electro-
Iyte solution, consisting of lithium-salts, additives
and organic solvents.
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Fig. 1. Li-ion battery components

The entire product is saturated in the electro-
Iyte solution, consisting of lithium-salts, additives
and organic solvents. The absolute barrier between
the electrodes, the separator, together with the elec-
trolyte determines the safety of the battery since it
acts as a physical barrier between the electrodes.
The separator is made of synthetic resin such as pol-
yethylene and polypropylene, and has microscopic
holes on it, through which it lets the ions pass.
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Li-ion batteries can overheat, so they are built
with safety vents, thermal interrupters, and other
features, such as a centre pin to provide structural
stability and to prevent short circuits. At the end of
the battery components’ production, every part is
sealed in a casing (usually made of steel or alumin-
ium) for a battery cell to be created. Once the battery
cell is complete, several cells are arranged to form a
battery module and the EV battery is literally a “bat-
tery pack” that consists of many battery modules.
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3. METHODS

The recyclability of a material mainly depends
on its ability to reacquire the properties it had in its
original state, and in the Li-ion batteries’ case, achi-
eving this is complicated. Currently, the automotive
advanced-battery recycling field involves mostly
projects using test batteries, batteries reclaimed
from wrecked vehicles and a few thousand EV
batteries that have failed for a variety of reasons.
Anyhow, eventually each cell of every produced
battery will be unable to support any application and
therefore it should get recycled. If not recycled, EV
batteries may be dumped, incinerated, or exported,
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by which they will contaminate the environment
and threaten public health. The problem is that due
to the expensive needs of the process and complex
subprocesses, EV battery recycling is not yet achi-
eved at a high scale.

Separating the mixture of chemical compo-
nents of the anode and cathode materials in Li-ion
batteries requires advanced chemical and physical
methods which make the recycling process particu-
larly challenging. However, these methods enable
separation into pure materials with no or limited
contamination in a safe and efficient process. Some-
times as Figure 2 demonstrates combination of mul-
tiple methods ensures a higher rate of recyclability.
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Fig. 2. Flow-chart of the Li-ion batteries’ recycling process

Physical Li-ion battery recycling processes

Among the physical processes for the recy-
cling of spent Li-ion batteries, two recycling meth-
ods have been especially popular in the past decade
and include thermal treatment or mechanical sepa-
ration of the components.

The thermal processes are generally associated
with the production of steel, ferro-alloys, or other
metal alloys. They usually consist of furnace heat-
ing in a controlled atmosphere between 100 and
150°C to separate out the insoluble organic additi-
ves and adhesives. Heating time is not standardized,
but it does not exceed two hours [10]. These types
of processes often include smelting, meaning reco-
vering basic elements or salts at high temperatures.
The smelting process is operational on a large scale,
since multiple types of batteries can be smelted in-
cluding Li-ion batteries. Smelting enables recovery
of the valuable metals only up to a point, but the idea
is that later the metals can be sent for refining in or-
der for the product to be suitable for multi-purpose
use. When smelting, only 25% of the materials are
restored, and include mostly copper, cobalt, and

nickel. The other materials, including lithium, are
contained in the slag.

Another type of thermal process involves pre-
incinerating the battery to regain the electrolyte and
a small amount of graphite, which together comes
down to about 40% of the battery set. A traditional
pyrometallurgical method, often used in the indus-
try, is the ultra-high temperature method (UHT),
which involves smelting and purification. During
UHT, spent Li-ion batteries are usually smelted with
other types of batteries (e.g., Nickel Metal Hydride),
or ores and industrial wastes.

In a different thermal processing method
known as roasting reduction (RR) method, a pre-
treated battery pack is roasted at a mild temperature
lower than 1000°C under oxygen-free conditions,
by which the cathode materials are converted to lith-
ium carbonate, metal, and metal oxide by carbother-
mal reduction. Most used RR methods are the ones
where the batteries are roasted under N2 atmosphere
(RR-N2) and vaccine conditions (RR-Vac).

While thermal treatment is advantageous, as
the operations necessary are simple and convenient,
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the process has been linked to high emissions of di-
oxins, chloride compounds and mercury, making it
necessary to install special equipment to purify the
gases and smoke caused by combustion. Addition-
ally, pyrometallurgy, and primarily smelting, gener-
ates more GHG emissions than it saves.

The goal of the mechanical separation proces-
ses is to separate materials according to their dif-
ferent properties such as density, conductivity, mag-
netism, etc. So far, the most efficient and cost-effec-
tive way of mechanical recycling is by disassem-
bling. The main challenge in the disassembly pro-
cess stems from the large number of battery pack
designs, which vary in size, electrode chemistry and
form. The second major challenge is that the current
technology is highly assisted by humans, which
ends up being very high-priced. Mechanical separa-
tion processes are usually applied as pre-treatment,
meaning they are the first applied to treat the outer
cases of the batteries and will later lead to a hydro-
metallurgical or a pyrometallurgical recycling pro-
Cess.

A Li-ion battery recycling company from Can-
ada, called Li-cycle, uses a mechanically dominant
recycling process designed to have high recovery
rates of the materials. In a crucial first step, the bat-
tery is discharged to allow safe tear-down. Next, the
battery packs are placed on a disassembly line.

Opening the battery is done in a box filled with argon.
The opening of the battery case is made around the edges
of the battery — avoiding cutting the stacks of modules.
Afterwards, the individual components of the battery are
being separated which in most cases, is done manually.
Once opened, the outer casing that consists of mostly
metals and plastics is sent for conventional recycling.

Next, the modules move down a conveyer belt lead-
ing to a shredder. The shredder always remains closed, so
the shredding process takes place in a vacuum or in a ni-
trogen atmosphere to prevent ignition. The rollers of the
shredder grind the materials into tiny pieces and the mass
is collected in plastic containers. This mass includes a
mixture of valuable materials such as cobalt, nickel, and
lithium, and passes through an array of magnets and a cy-
clone filter to extract these materials. All that remains at

the end is a fine grey/black powder, called the black mass.

Chemical Li-ion battery recycling processes

The chemical battery recycling processes are main-
ly hydrometallurgical methods involving acid or base
leaching, solvent extraction, filtration, chemical precipi-
tation, bioprocesses and electrochemical processes, or a
combination of the mentioned. The separation and ex-
traction of metals based on reaction in aqueous medium,
and particularly sulfuric acid (HM-SA) and citric acid

Mawi. unore. nayu. ciiuc. 40 (2) 85-92 (2022)

(HM-CA), is known as hydrometallurgical recycling.
The function of the acid or base leaching is to put the
metals in a solution. Once in a solution, the metals can be
recovered by chemical precipitation through altering the
pH of the solution or adding some reaction agent, or by
electrolysis. The solution can also be separated by sol-
vent extraction using an organic solvent, which binds to
the metallic ion, separating the metal from the solution.
The metal separated by solvent extraction can then be re-
covered by electrolysis or by chemical precipitation.

To put the chemical processes in perspective,
we can analyse the example of implementing a
chemical process onto already mechanically shred-
ded Li-ion batteries such as the one described ear-
lier. In fact, to ensure recycling different groups of
materials, combining multiple methods of recycling
almost always allows a higher rate of recyclability.

The process following the mechanical shred-
ding involves a bespoke hydrometallurgy or wet
chemistry process (an acid bath), used to process the
black mass into battery-grade materials. During this
process, different chemicals get added to the black
mass which leach out different elements. These che-
micals either make their way into the final products
or are reused in the process — so this does not actual-
ly produce any waste water. This way, the black
mass is separated into its components (lithium,
cobalt, nickel). Once the materials have left the
shredder, the liquid electrolyte is evaporated under
a very low temperature so that there is no risk of ig-
nition, and afterwards, it is condensed. The electro-
lyte can also be leached out in water or runs out as
a clear fluid and flows into a large metal tank to find
use as a base material in the chemical industry.

Comparison of the different battery recycling
processes

The pyrometallurgical processes and the incinera-
tion of plastics have the largest impact on global warming
potential over a 100-year time period (GWP 100) and
electricity generation has the largest impact to human
toxicity potential (HTP) and terrestrial ecotoxicity poten-
tial (TETP) [10]. The effects of electricity generation
vary country to country and these effects could be reduc-
ed by implementing a larger proportion of energy gene-
ration from renewable sources. The hydrometallurgical
processes indicate that the landfill of gypsum and residue
has a large impact on GWP 100 and TETP.

As one of the main components of a battery, the
recovering of the lithium cobalt oxide (LCOQ) is a process
that is a big part of the recycling process. Rougly, just
over a quarter of LCO can be recovered from a functional
unit (FU) of one tone of spent Li-ion battery packs by the
UHT, HM-SA, HM-CA, RR-N; and RR-Vac method
(284.2, 275.5, 261.0, 273.0, 274.3 kg, respectively) [11].
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If only LCO recovery was considered, the energy con-
sumption of all recycling methods would be significantly
lower than that for industry production of an equivalent
weight of virgin LCO (38,367~41,777 MJ).

Assuming a recovery rate of 85% for copper (Cu)
and aluminum (Al) the carbon intensiveness of the pro-
duction of virgin copper and aluminum was also com-
pared. Looking at Figure 3, each pair of bars is related to
a recycling method, where the bottom bar represents the
GHG emissions required for each recycling method and
Cu and Al recovering processes for 1 FU, the top bar is
the GHG emissions for an equivalent weight virgin LCO
and primary Cu and Al production in industry, and the
difference represents the energy saving. The numbers
indicate the reduction rate of GHG emissions from 1 FU
for each method.
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The RR methods manifest higher reduction in ener-
gy consumption and GHG emissions as compared with
UHT, HM-SA, and HM-CA. This suggests that the RR
method is more suitable for recycling spent Li-ion
batteries than the UHT and hydrometallurgical methods
(HM-CA and HM-SA). The method of HM-CA has been
noted as one of the most energy intensive methods
present in the industry, by having an energy consumption
of 20,892 MJ per one FU during the whole process, while
RR consumed the least amount of energy (4833 MJ per
one FU). The RR method has the lowest total rate of
GHG emissions (1525 kg CO»-equivalent per one FU),
while the HM-CA method exhibited the highest amount
of GHGs (2351 kg CO»-equivalent per one FU) among
the analyzed methods [11].

Primary Cu
Secondary Cu

Primary Al

RR-N2 RR-VAC

Fig. 3. Contribution analysis of GHG emissions for different recycling methods

4. RESULTS

The choice of the recycling process is very import-
ant with regard to the environmental impact and its car-
bon footprint. The general consensus about recycling is
that it does require energy, but it usually takes a fraction
of the energy as it does to mine and smelt raw ore. The
process’s lower energy consumption also means that re-
cycling produces fewer greenhouse gas (GHG) emissions
than mining operations. However, this is often not the
case when it comes to the recylcing of Li-ion EV bat-
teries. In fact, by comparing the leading recylcing process
today, we found that some methods are extremely energy
intensive and therefore could significantly contribute to
global warming.

The environmental effects of recycling batteries
can be reduced by choosing a location for the recycling
plant in the nearby area of collecting the batteries, namely
by saving CO, emission due to minimal transport fuel
costs. Furthermore, most Li-ion batteries are manually
disassembled at present (due to the diversity of cell types,
cell chemistries, and pack structures produced by various
manufacturers) and the mechanical separation and disas-
sembly process is generally a low-carbon intensive pro-
cess. This is because the process of mechanical sepa-

ration is mainly associated with labor needs and not with
fuel-powered machinery.

Furthermore, the metals used in the batteries are a
non-renewable resource, meaning, there will not be any
metals left to dig up once all the deposits are depleted by
mining. Therefore, recycling helps in reducing the rate at
which we need to mine metals to meet demand.

Taking all of the abovementioned data in conside-
ration, not all of the currently available technologies are
environmentally justified to recycle Li-ion batteries.
Occassionaly, the presented recycling processes lead to
slightly less consumption of energy than primary produc-
tion of virgin ores, but the carbon intensity of each indi-
vidual process is still significantly high.

5. DISCUSSION

The sustainability of the recycling processes could
not be taken for granted as it could vary depending on the
materials and the impact of environmental policies and
awareness is certainly not exhausted. A key concept that
is directly connected to sustainability and should be used
in the EV battery waste industry is the concept of circular
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economy. The circular economy is a regenerative eco-
nomic system within which production resources, waste,
waste emission and energy outflow are significantly re-
duced by slowing down, rounding off and extending the
energy and material cycles (life cycles) in production.
The main challenge in this concept lies in the way we use
the raw materials, i.e. what we will choose to use as a raw
material to get a certain product and how we will close
the life of that product. The circular economy, unlike the
linear one is related to production, consumption, the way
we design things, how to maintain them, how to use, fix
and reuse them, and finally move on to recycling them.
This means that we should not look at the situation as if
it was waste management, but like it is more about re-
source management — how to manage resources and how
to maintain their value through the recycling process.

When handling EV batteries, it is extremely im-
portant to follow the rules of the well-known waste man-
agement hierarchy, meaning that the used batteries are
not waste but rather a resource that can be reused. Ideally,
they would be collected, inspected, repaired, and returned
in working condition for use in a different electronic de-
vice. If this cannot be achieved, the next step is repurpos-
ing. At the moment when the energy from these batteries
is absolutely depleted and they are no longer efficient
and/or safe to use, they should be treated as hazardous
waste. Collection, transport as well as the recycling pro-
cess itself and the further use of recovered resources
should be sustainable and in line with standards that con-
sider environmental protection. The recycling process
should be non-invasive, safe and efficient. In this process,
only a small part of the components should end up as
waste, and most of the raw materials should be recovered.
In regard to the carbon intensiveness of the different pro-
cesses, it is important to consider which type of energy
source is used to power the processes. Higher carbon in-
tensiveness and GHG emissions are mostly related to
coal-fired power plants when compared to renewable en-
ergy sources.

6. CONCLUSIONS

The aim of this paper was to investigate the differ-
ent processes that are currently used for recycling Li-ion
batteries disposed from EVs and to compare them with a
focus on the associated environmental impact regarding
their energy intensiveness and carbon emissions. The re-
cycling processes were discussed with regard to their
characteristics, advantages and disadvantages.

The findings indicate that the processes are not al-
ways easy to implement, nor are they always truly envi-
ronmentally justified. Yet, keeping in mind that the eco-
logical issues are the primary drivers to select between
either virgin ores or recycled materials, decision makers
need to be aware of the possible undesirable environmen-
tal effects if recycling processes are not introduced and
encouraged in the automotive and battery production in-
dustry.
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The main challenge that relates to the recycling of
Li-ion EV batteries lies with the fact that neither of these
procedures has been implemented on a wider scale,
which in term has a lot to do with EVs still lacking larger
serial production numbers. Furthermore, some recycling
procedures have a greater environmental impact over
others, but it is important to combine several kinds of re-
cycling processes to recover the main targeted metals
(copper, aluminum, cobalt, manganese, and lithium)
since just a single recycling process such as dismantling,
thermal treatment, acid leaching, solvent extraction or
chemical precipitation limits the percentage of recovery
of the base materials.

While the recycling of Li-ion batteries helps pre-
vent the shortage of critical minerals from a mass flow
perspective, from an environmental perspective, the cur-
rent available technologies lead to significant consump-
tion of energy and higher air emissions than primary pro-
duction. For the pyrometallurgical processes, the largest
impacts are caused by plastics incineration for global
warming potential, electricity generation for human tox-
icity potential and terrestrial ecotoxicity potential. For
hydrometallurgical processes, the largest impacts are
caused by landfill for global warming potential, terres-
trial ecotoxicity potential, and electricity generation for
human toxicity potential. To decrease the environmental
impacts of recycling Li-ion batteries, processes that uti-
lize low temperatures and are capable of recovering plas-
tic should be used. Additionally, it is necessary to carry
out a preliminary mechanical separation before valuable
metals which make up Li-ion batteries can be recovered.
Mechanical separation reduces the volume of waste and
improves recovery efficiency of the target metals.
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