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Abstract

Going towards a greener future seems to involve secondary batteries,
especially lithium-ion batteries at the moment. Lithium-ion batteries are
used in electric vehicles, energy storage, and in portable devices. With
electric vehicles increasing production the consumption of lithium-ion
batteries is expected to grow significantly in the future.

This brings the question of how green lithium-ion batteries really
are? Mining raw materials for lithium-ion batteries has been raising
concerns regarding human rights, and it has also resulted in lithium and
cobalt to be positioned on the list of critical raw materials in EU, and
raised concerns with environmental impacts. In the process of fabricating
lithium-ion batteries the solvent normally used, N-methyl pyrrolidone
(NMP), is highly toxic and therefore restricted by numerous chemical
legislations in industry applications.

Efficient recycling could make lithium-ion batteries environmentally
friendly. Although recycling is not sufficient yet, there is a lot of ongo-
ing research in both academia and industry. This thesis review various
aspects of battery sustainability and provides some basic guidelines on
how to make lithium-ion batteries more sustainable for a greener future.
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1 INTRODUCTION

1 Introduction

With growing interest towards green energy, there is a lot of discussion
about switching to electric cars and moving from coal and oil-based en-
ergy production to greener energy [1]. There is also an increasing need
for energy storage, since the green transition might not produce enough
electricity: wind power needs wind and solar power the sun. This is
highly related to batteries since they are used in electric cars and energy
storages. One of the most common batteries are lithium-ion batteries
(LIB) which are used in electrical products. The reason for LIBs success
is its high energy density, good cycling stability, and high capacity [2].

Naturally there are other battery technologies. In principal batteries
are divided into two: primary batteries and secondary batteries. Pri-
mary batteries include alkaline batteries and zinc-carbon batteries. Sec-
ondary batteries include magnesium-ion batteries, sodium-ion batteries,
and LIBs [3]. The difference between secondary and primary batteries
is that secondary batteries can be charged again [4]. The growing num-
ber of Electric vehicles (EVs) are the biggest driving force for LIBs [5].
LIBs are widely used in different appliances. One can find LIBs in med-
ical devices, electric vehicles (EV), such as cars and bikes, and portable
electronics [6].

The most used batteries are LIBs and for this reason this thesis will
evaluate how sustainable is the development of LIBs that are used for
transiting our society towards greener energy usage. This thesis will
go through the process of mining raw materials for LIBs, manufacturing
LIBs, and recycling LIBs. First LIB parts are introduced: anode, cathode
and electrolyte and their environmentally friendly options, next is raw
material mining and after that production of LIBs and recycling of LIBs.
At the end, there is discussion about sustainable development goals for
LIBs and possible replacements for LIBs. Importantly, this thesis does
not consider other battery technologies such as lead-acid and nickel-metal
hydride as they are not in the scope of this thesis.
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2 LITHIUM-ION BATTERIES

2 Lithium-ion batteries

The basic principle of LIBs is to reserve chemical energy that can later
be converted into electricity. LIBs produce electricity when lithium ions
travel from anode to cathode through electrolyte [7]. This forces electrons
to flow to an external circuit like in figure 1. Charging makes the reaction
reversed.

Figure 1: An image of a battery. Source: Argonne national laboratory
https://www.flickr.com/photos/argonne/5029455937

Conventional LIBs are composed of anode (negative electrode), cath-
ode (positive electrode), electrolyte, separator and current collectors as
seen in figure 1. Separator is between the electrodes and on the sides
are cathode with aluminium collector and anode with copper current
collector. Everything mentioned before is submerged in electrolyte.

For example lithium cobalt oxide (LiCoO2) could act as the cathode
and graphite as anode [8]. While the LIB is charged lithium ions are
extracted from the cathode material like in equation 1 and they travel
through the electrolyte and separator till they are embedded in the anode
material (equation 2). Meanwhile the electrons travel from cathode to
anode through the external circuit. Lithium ions and electrons flow to
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2 LITHIUM-ION BATTERIES

opposite directions when LIB is discharged. The whole reactions can be
described in equation 3.

LiCoO2 ←−→ Li1−xCoO2 + xLi+ + xe− (1)

6C + xLi+ + xe− ←−→ LixC6 (2)

LiCoO2 + 6C←−→ LixC6 + Li1−xCoO2 (3)

2.1 Cathodes

A cathode is the part of LIBs that defines energy density and represents
40-50 % of the total cell cost [5]. The cost comes mostly from the cost of
raw materials like lithium, nickel, cobalt, manganese, and iron. The cath-
ode has micro-scale crystals, which are paired with negatively charged
oxygen [7]. The crystals itself can consist of lithium with mix of other
metals: cobalt, nickel and manganese.

There are different varieties of cathodes for LIBs depending on the
usage of the battery. The first invention of LIB cathode was LiCoO2

cathode in 1980s [9]. Nowadays the most used cathodes for EVs are
LiNixMnyCozO2 (Nickel-cobalt-manganese oxide cathode aka NMC) and
LiNixCoyAlzO2 (lithium nickel cobalt aluminum oxide aka NCA). NMC-
based chemistries are popular because they have good cycle life, thermal
stability and energy density. [10]

Cobalt and nickel are heavy metals and therefore hazardous [11]. This
means that for example LiCoO2 is hazardous. Cobalt is also really ex-
pensive compared to other raw materials [12] so cobalt-free cathodes like
LMNO (LiNi0,5Mn1,5O4) are researched [13]. LMNO has high operating
voltage of approximately 4.7 V, the problem is the lack of high-voltage
electrolyte [5]. There are also other options without cobalt for example
lithium iron phosphate (LiFePO4, LFP) and lithium manganese oxide
(LiMn2O4, LMO) [14]. From phosphate based cathodes LFP has the
highest capacity but also much lower open circuit voltage [10]. In addi-
tion there are LCO (LiCoO2) cathodes [15].

Polyvinylidene fluoride (PVDF) is the conventional binder used for
cathodes. PVDF requires NMP as a solvent. Both PVD and NMP
are nonrecyclable and hazardous for the environment. Environmentally
friendly and cost efficient alternative for PVDF could be aquatic binders
such as chitosan, carboxymethyl cellulose (CMC), alginates, styrene-
butadiene rubber (SBR) and polyacrylic acid (PAA). [16]
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2 LITHIUM-ION BATTERIES

Because of NMPs highly toxic nature other solvents are also used.
These are for example DMSO, Cyrene, DMF (dimethylformamide) and
γ-Valerolactone. Although DMF is also toxic, it is not yet as prohibited
as NMP and it has good physiochemical properties. [17]

2.2 Anodes

At first lithium metal was used for anode in LIBs, but the easy for-
mation of dendrites during reaction limited the commercial application.
Currently one of the most common anodes for LIBs is graphite, due to
its low cost, good lifecycle and low working potential [18]. Graphite is
also safe and environmentally friendly anode material. The downside of
graphite as anode are the low capacity, poor rate performance [19], and
low coulombic efficiency. [8]

Nowadays the conventional anode is typically a layer of several hun-
dred micrometers consisting of electrode material powder, binder and
conductive additives. The anodes can be divided in three categories
depending on the mechanism for storing lithium ions: insertion reac-
tion mechanism (carbon materials, Li4TiO12 [20] and TiO2), alloying
reaction mechanism (Si, Ge, Sn and different alloys), and conversion
reaction mechanism (transition metal oxides and sulfides, nitrides [20],
phosphides). [8]

For better anodes the capacity could be increased by increasing sur-
face area to allow anode material to absorb more lithium ions. Also the
density, thickness and porosity of the anode affects the diffusion path, so
the structure design can improve the overall transmission rate of LIBs [8].
For anode materials the goal is to develop new anode materials with high
specific capacity and good cycling properties. There is also consideration
for low cost, low-environmental impact and high energy density [20].
Cellulose could be sustainable alternative for traditional graphite [21].
Lithium metal as anode has advantage of high energy density [22], and
it could be implemented into solid-state batteries [20].

2.3 Electrolyte and separator

Electrolyte physically separates the anode and cathode from each other
[3]. Within electrolyte the lithium-ion exchange between the cathode and
anode is maintained [8]. Only lithium-ions are meant to travel through
electrolyte, but electrons can also travel trough electrolyte.
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2 LITHIUM-ION BATTERIES

In LIBs the electrolyte consist of lithium salts: LiPF6, LiBF4, LiAsF6,
LiClO4, LiCF3SO3 and of nonaqueous organic solvents (ethylene carbon-
ate (EC), dimethyl carbonate (DMC), propylene carbonate (PC), 1,3-
dioxolane, etc.) in which lithium salts are dissolved. The mostly used
electrolytes are the mix of LiPF6 in a mixture with EC, with carbonate
(DMC, diethyl carbonate (DEC)) or ethymethyl carbonate (EMC). [20]

Separator is usually a thin sheet made of polyethylene or polypropy-
lene, and the main objective of separator is to separate two electrodes
physically to avoid internal short circuit between the cathode and an-
ode [23]. Environmentally friendly option for conventional separators
could be cellulose, especially nanocellulose [24].

There exists solid-state batteries (SSBs), in which electrolyte is solid
and therefore separator is not needed. Advantages in SSBs is increased
energy density and prevention of short-circuit, since it prevents dendrite
growth. Other advantages are longer lifespan and lack of flammable or-
ganic components. Though there are still many issues with SSBs. One
such issue is solid-solid interface, in which sufficient contact has to ex-
ist with sufficient electrochemical compatibility between the electrolyte
and electrodes [25]. Another issue is poor ionic conduction and higher
operating temperature in comparison to liquid electrolytes [20]. Also
finding a solid material suitable for SSBs is a challenge. The materi-
als used in SSBs currently include the following: glass-based electrolyte,
lithium-based electrolyte, sulfide electrolyte, and oxide electrolyte. [26]

The research is ongoing for better electrolytes to decrease the price
and increase the safety of LIBs [20].

2.4 Battery operation

Life span of LIBs is approximately from 3 to 10 years [4]. When evaluat-
ing battery performance physical aspects are usually taken into account:
rate performance, coulombic efficiency, cycle of life and specific capacity.
Specific capacity describes the relation of all electricity released with ei-
ther unit volume or unit mass. If the current is too great it will cause
series of side reactions which in turn reduces capacity. Coulombic effi-
ciency is the ratio of the discharge capacity and charge capacity in the
same cycle. The cycle life determines how many times battery can be
charged and discharged to be at 80% of capacitance capacity. [8]

Battery performance is reduced by various internal side reactions,
which are susceptible to temperature and charge-discharge rate. Internal
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2 LITHIUM-ION BATTERIES

aging mostly happens at the anode and cathode, like the formation of
solid electrolyte interphase, lithium deposition and electrolyte decompo-
sition. When temperature is over or under 25 °C the aging rate increases
with the temperature difference. [27]
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3 MINING RAW MATERIALS

3 Mining raw materials

With LIBs increasing popularity need for raw materials has increased
rapidly. This in turn leads to raw materials increasing price, due to
limited resources of raw materials [28]. Some of the materials needed
are: lithium, cobalt, nickel, copper, and aluminum. As LIB demand
grows, the issues with sustainability and difficulties in the supply chain
are highlighted. Options are either better recycling or excluding the
expensive materials like cobalt. [5]

3.1 Nickel

Nickel is the only LIB resource that is not concentratedly mined in some
places [12]. Nickel can be mined from Indonesia, but also from Canada
and northern Siberia, the ore type varies depending on the mining loca-
tion.

There are two types of nickel ores: laterites and sulfides. Laterites
can be divided in two: saprolite and limonite/smectite. Saprolite (30%
Ni 15% Fe) ore is usually used to produce ferronickel that is used in
steel making. Laterites occur close to the surface so the main mining
method is surface-mining method. Saprolite and limonite ores usually
have around 1.3% − 2.5% Ni and 0.05%-0.15% Co. Hence the ores are
typically upgraded and the result of this process is that Ni content of the
ore could double. High-garade nickel is produced from sulphides. Sul-
phides usually contain 1,5%-3% Ni and 0.05%-0.1% Co. The treatment
for sulphides is pyrometallurgical techniques like flash smelting. [29]

During nickel production solid waste streams are generated. The
biggest volume share is between smelter slags and leaching residues which
contain toxic and leachable heavy metal(loid)s. This is risk for human
health and for environment unless handled appropriately. [30]

3.2 Manganese

South Africa produces 1/3 of manganese [12]. Mining manganese conven-
tionally is a health risk and proper protection should be used. In South
Africa (Hotazel) the mine workers indicate signs of Parkinson disease due
to manganese exposures [31].

Manganese can also be found in manganese nodules. The manganese
nodules can occur in the sediment-covered abyssal plains in the ocean
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where the depth is around 3000-6000 meters. The modules can consist of
iron, manganese, copper, cobalt, nickel, titanium, lithium, molybdenum,
and rare earth elements. However iron and manganese are the principal
metals in manganese nodules. [32]

Manganese nodule (aka deep-ocean polymetallic nodules) mining is
likely going to start in the mid-to-late 2020s. Currently exploration of
nodules is ongoing in the Pacific Clarion-Clipperton Zone (CCZs loca-
tion: northeast equatorial Pacific Ocean). CCZ area alone has a greater
tonnage of Mn, Ni, Co, Tallium (Tl), and Yttrium (Y) than the global
terrestrial reserves combined. [33]

3.3 Graphite

Graphite is mainly produced in China, around 66% of all graphite was
produced there in 2016 [12], [34]. Globally the natural graphite used for
electrodes was 34% of all graphite produced in 2016 [34].

Graphite can be divided into two: natural (flake graphite, vein graphite
etc.) and synthetic. The extraction of flake graphite from minerals is
usually complex and pollution-generating process. This is due to low
abundance of flake graphite in ores. Synthetic graphite can be made by
heat-induced graphitisation of hydrocarbon precursors. Due to high cost
of synthetic graphite it is not used in LIBs. [35]

The separation of graphite from ore mixtures is done mainly with
hydrometallurgical purification. Pyrometallurgy purification is also used
and graphite can even reach 99.995% purity. [34]

3.4 Cobalt

Cobalt is the most valuable ingredient in LIBs, and it is usually the
byproduct/coproduct while mining copper or nickel [12]. Around 60% of
global supply of cobalt is mined in the Democratic Republic of Congo [36],
and majority of the mines are owned by Chinese companies [12]. This
has raised concerns over human-rights due to child labour and health
issues considering cobalt’s toxic nature [7].

At the same time, there has been a lot of research around cobalt in
LIBs. There have been several research that has proven that cobalt is not
vital for LIB development and it will not lower the energy density [7].
This is because the concentration of cobalt is usually 10 times lower
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compared to copper or nickel. Due to mining occuring almost just in one
place diversifying supply is hard. [5]

3.5 Lithium

Lithium is highly reactive chemically, hence it does not occur on its own
in nature [37]. Lithium can be found in brine salt flats and as rock called
pegmatite. The so-called lithium triangle consists of Argentina (Salar de
Olaroz), Bolivia (Salar de Uyuni) and Chile (Salar de Atacama). These
countries have over 50 % of worlds lithium reserves. [38]

The rock is separated from the ground by mechanical methods. At
the processing plant the lithium ores are crushed and exposed to intense
heat and processed further. Lastly soda ash is added for precipitation of
lithium carbonate. [37]

Brine is pumped from underground saline lakes to open-air evapora-
tion ponds like in figure 2. The idea is to get higher concentration of
brine by evaporation with the help of the sun and wind. This is a slow
process, it can take from a year to two years till the finished lithium
product is acquired. [37]

Figure 2: Evaporation pools. First picture: Salar de Uyni, Bolivia,
image: Flickr / psyberartistpicture. Second picture: Clayton Valley,
Nevada, image: Flickr / Doc Searles, adopted from original picture.

There are many concerning environmental aspects in mining lithium:
air, water, and soil pollution as well as depletion of water resources.
Toxic chemicals are used during lithium processing, and trace amounts of
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lithium can be found in tailing piles, waste storage ponds, processed wa-
ters, evaporate basins and transported products. These toxic chemicals
can have biophysical consequences such as impact on human metabolism,
neuronal communication, soil ecology and aquatic life. [37]

Improvements or alternative technology for lithium mining could be
the following: water recycling, minimising waste products, better pro-
cessing of brines, extracting multiple materials from the same brine,
minimising surface subsidence and inventing technology which is trans-
ferable [37]. Another option would be to replace lithium from LIBs.
Replacements could be sodium ion batteries, potassium ion batteries,
magnesium ion batteries, calcium ion batteries, zinc ion batteries, and
aluminum ion batteries [39].
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4 Industry production

The three biggest LIB producers are China, Japan, and South Korea [4].
Manufacturing LIBs requires many steps as seen in figure 3: slurry mix-
ing, coating, drying, calendering, slitting, vacuum drying, jelly roll fabri-
cation, welding, packaging, electrolyte filling, formation, and aging. The
steps can be divided into three bigger processes: electrode preparation,
cell assembly and battery electrochemistry activation. There are many
kinds of cell designs but manufacturing process is almost always the
same. [40]

Figure 3: Image of manufacturing batteries. Source [40]

Energy consumption in manufacturing is considerable. For 32-Ah
LMO/graphite cell drying and solvent recovery contributes to 46.84%
of the entire manufacturing energy consumption and the dry room con-
tributes to 29.37%. Depending on the energy source this could result in
great amount of greenhouse gas emissions. [40]
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4.1 Electrode preparation

The first step is to mix together active material, conductive additive
and binder with the solvent to form a uniform slurry. For anode the
styrene-butadiene rubber is dissolved in water with carboxymethyl cel-
lulose. During drying anode slurry releases non toxic vapor that can be
released to the environment. In turn for the cathode NMP is used to
dissolve polyvinylidene fluoride (binder). NMP is toxic and for that rea-
son it has strict emission regulations. Due to the toxicity of the solvent,
it is recovered for the cathode production during drying and reused in
battery manufacturing. [40]

After mixing the slurry it is slot die coated with aluminium for the
cathode and copper for the anode. After coating they are dried to evap-
orate the solvent. Then calendering process is conducted to help with
physical properties such as: bonding, conductivity, density, etc. of the
electrodes. Then the finished electrodes are stamped and slitted to fit the
cell design. After that electrodes are moved to vacuum oven to remove
moisture residues. Then the electrodes are checked to make sure moisture
level is low enough so that side reaction and corrosion are minimized. [40]

4.2 Cell assembly

When the electrodes are prepared they are transferred to the dry room
with separators. Then the electrodes and separators are either stacked or
winded layer by layer to form the structure of a cell. Next welding takes
place for aluminum and cathode current collector and also for copper and
anode current collector. There are couple of different welding methods
such as ultrasonic welding and resistance welding. After welding the cell
stack is transferred to designed enclosure which is filled with electrolyte.
Then there is the final sealing that completes the cell production. [40]

4.3 Electrochemistry activation

The purpose of electrochemistry activation is to enable operation stability
[40]. Wetting and formation can take up to a week and aging can take
additional one to two weeks to be complete. Wetting and formation are
mandatory for achieving the anode solid electrolyte interface and cathode
electrode interface. Aging is used to determine leakage current before the
rate capacity is assigned to a LIB. [41]
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First the cells are charged to low voltage (for example 1,5 V), so the
copper current collector would be protected from corrosion. Then the
rest session is performed for electrolyte wetting. After wetting the cells
are charged and discharged gradually increasing the rate [41]. The gas
forming during the formation process is discharged for safety. [40]
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5 Recycling

Recycling is a vital part of battery production. In used LIBs there are
valuable metals like cobalt, copper, aluminium, nickel, and lithium [20].
Getting these LIBs recycled is important for sustainable development
of LIBs. Problem with recycling is that it is not cheap: it includes
transferring the materials and then processing. Naturally recycling and
getting the materials recovered produces pollution.

With recycling there is an issue with receiving batteries: many of
the batteries never come back for recycling. There are also issues with
customers using small LIBs, since instead of recycling them there have
been incidents where LIBs have been thrown to ordinary bin, resulting
in small fires. Currently the end life of batteries is between recycling,
landfilling, illegal disposal or informal processing. [42]

For material recovery there are chemical and physical approaches.
Chemical processes can be divided into pyrometallurgical, hydrometal-
lurgical, direct regeneration and combination of pyro/hydrometallurgical
processes. Many of the recycling technologies are only implemented at
laboratory scale and not at industrial scale, but there are generally few
applied also at industrial scale. Conventional way of recycling LIBs can
be seen in figure 4. [4]

Figure 4: Common recycling method. [20]
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5.1 Industrial and laboratory scale

Pretreatment is needed for hydrometallurgical process and direct recy-
cling, not for pyrometallurgical process. Conventional preretreatment
steps are the following: discharge, dismantling, comminution aka me-
chanical treatment, classification, separation, dissolution, and thermal
treatment. The goal of pretreatment is to separate LIB components
safely. [43]

Direct regeneration is used in case of capacity decrease. Capacity
decrease can often occur due to fade of lithium content, structure collapse
of the electrode materials or breakdown of solid electrolyte interface film
[27]. In these cases the direct regeneration is made by heat treatment.
Before heat treatment cathode materials are mixed with lithium, nickel,
iron or cobalt ant then heated to between 600 to 800 °C [44]. Downside
for this method is that for each type of cathode and for each cathode the
repair process is a bit different [45].

Pyrometallurgical processes uses smelting to recover metals. Down-
sides for this method is toxic gas emissions, loss of metals and high energy
consumption. This method has also been commercialised. [4]

Hydrometallurgical processes in the industry involve leaching, solvent
extraction, electrolysis, and cementation [20]. Leaching is important for
recovering metals [4]. The chemicals used in leaching are the following:
HCl, HNO3, H2SO4, NaOH, and H2O2 [42].

Between pyrometallurgical and hydrometallurgy processes the latter
produces less greenhouse gas emissions but also requires supplementary
wastewater treatment in case of additional pollution. In account of global
warming impact advanced hydrometallurgical process (additionally re-
covers electrolyte and graphite) performed the best and pyrometallurgi-
cal process the worst (lack of Li recovery, high energy consumption). [42]

5.2 Hazardous materials

Toxic materials used in LIBs are metals, electrolytes, binders, and plastic
[28]. Heavy metals like Co and Ni are used in cathodes. Some hazardous
cathodes are LiNiO2, LiMn2O4, LiCoO2, LiFePO4, and LiNixCoyMn1–x –yO2

[11]. All previously mentioned are harmful for the environment and hu-
man health, they contaminate not only soil but also groundwater [28].

There is also danger of gas release when electrolytes like LiPF6, LiBF4
or LiClO4 react with water, the released gases can be HF and PF5. Also
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some of the electrolyte solvents are hazardous: DMSO, PC and DEC they
are corrosive, produce the HF gas, chlorine, carbon dioxide and carbon
monoxide when burned. Binders like polyvinylidene fluoride (PVDF)
and polytetrafluoroethylene (PTFE) produce HF when heated. [11]
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6 Sustainable development goals

Sustainable development goals (SDGs) for 2030 were adopted by all
United Nations Member States in 2015 (figure 5). Combined, there are
17 SDGs related to human rights, protecting the environment, using raw
materials in a sustainable way, and using sustainable energy. From the
SDGs goals, good health and well-being (no. 3), clean water and sanita-
tion (no. 6), decent work and economic growth (no. 8), affordable and
clean energy (no. 7), industry, innovation and infrastructure (no. 9),
responsible consumption and production (no. 12), and life below water
(no. 14) are related directly or indirectly to LIBs production. [46]

Figure 5: Sustainable development goals. Source: United Nations,
https://www.un.org/sustainabledevelopment/news/communications-
material/#FAQ

SDG 7 is about clean energy in which targets 7.1 and 7.2 are re-
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lated to LIBs. Target 7.1 is about ensuring universal access to reliable,
modern, and affordable energy services [46]. To ensure reliable energy
and also green energy, energy storing should be made sufficient. Energy
storing could be established by storing energy in LIBs and using it when
green energy is insufficient, thus making energy more reliable. Target
7.2 is about increasing the share of renewable energy [46]. To shift to-
wards renewable energy, changing to EVs is one step towards removing
nonrenewable energy sources.

In SDG 3, there is a target 3.9 where the goal is to reduce illness and
deaths from hazardous chemicals [46]. This is directly related to LIBs:
hazardous materials are used in LIBs that can pollute our environment
[28] and mining the raw materials is a health issue for the miners [31],
[7], [30], [37].

Mining raw materials for LIBs is included in many SDGs besides
target 3.9. One is target 6.3 where the goal is to improve water quality by
reducing release of hazardous materials [46]. Lithium mines can pollute
water, and lithium mining can also cause depletion of water resources
[37], this involves the target 6.4 where the goal is to increase water-
use efficiency [46]. Another target is 8.7 where the goal is to end child
labour, and target 8.8 where the goal is to create safe and secure working
environment [46]. These goals are related to cobalt mining, since it has
raised human right concerns due to child labour and health issues since
cobalt is toxic [7].

The possibility of deep sea mining would likely affect the SDG 14. The
target 14.1 is about reducing marine pollution and target 14.2 protecting
coastal and marine ecosystems [46]. Lack of knowledge regarding deep sea
marine ecosystem [33] poses significant risk for marine ecosystem should
deep sea mining start before sufficient research has been conducted.

The manufacturing of LIBs and recycling is also related to many goals.
Target 8.4 is focused on improving the efficiency of resource consumption
and production globally. Target 12.2 is about achieving efficient use of
natural resources. [46] These targets are related to raw materials used in
LIBs, mining the raw materials, and recycling LIBs. Target 9.4 is about
efficient resource-use and adopting environmentally friendly technologies
and industrial processes [46]. To achieve this target pyrometallurgical
processes should be reduced and replaced with hydrometallurgical pro-
cess. Target 12.4 is about management of chemicals and waste and to
reduce their release to the environment [46].
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Efficient recycling would help to achieve many SDGs, but recycling is
challenging due to a high variety of battery technologies. One promising
concept would be to enforce the battery producers to utilize and recycle
their own batteries. This so called closed-loop system is used at Northvolt
[47].

Taking SDGs into consideration the raw materials used in LIBs should
be taken into account. Cobalt is toxic and cobalt also belongs to critical
raw materials (CRM) [48] due to high use of cobalt containing LIBs [20].
CRM are materials of high economy with high supply risk, and lithium
belongs on that list too. With high demand it is expected that Europe
would need 5 times more cobalt and 18 times more lithium in 2030.
The popularity of LIBs was not the only affecting aspect for lithium
and cobalt to be on the CRM list. Awareness of environmental aspects
overall has changed the materials we use in different places due to change
in policies. [48]

Cobalt is the most expensive raw material in the LIBs. The price has
varied a lot in the past from 30 US$/kg to 90 US$/kg. The reason behind
this is supply chain shortages. Due to problems with prices and supply
chain, the question of sustainability raises. Cobalt containing LCO is
still used in portable electronics due to its superior cycling stability, vol-
umetric capacity and ease of synthesis, but for EV the cost of LCO is
excessive. For better sustainability one option is to remove or reduce the
amount of cobalt in LIBs. [5]

Regarding SDGs one option could be to replace lithium-ion batteries.
Many SDGs could be achieved by changing the toxic chemicals to non-
hazardous chemicals. Options like zinc batteries [49] and sodium-ion [50]
batteries already exist. However all of those have their own environmen-
tal issues. Enhancing LIB production to be sustainable would be one of
the many small solutions required for achieving SDG.
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7 Conclusion

LIBs have high energy density and it can be used in many appliances for
example EVs. There are also many problems involved with LIBs: price of
the raw materials, toxicity of the materials used and battery performance
to name a few. This means that in the future the probability of batteries
changing from the LIBs as we know them is highly likely. Sadly I think
toxicity will be overlooked if there is a battery otherwise meeting the
requirements. This is due to huge demand for better batteries. On the
other hand the amount of research regarding batteries should be sufficient
for invention of new sustainable battery.

There are many concerning aspects of future mining but also some
good possible outcomes. Mining is not environmentally friendly or sus-
tainable way of getting raw materials. One especially concerning aspect
is deep sea mining which is likely to happen in the future. Low amount
of research and knowledge of how deep sea mining could affect the deep
sea ecosystem is problematic. One positive aspect is that there is also a
lot of ways to improve mining on terrain, such as biomining.

Better recycling would automatically drop the high need for new raw
materials from mining. But there is yet to be a efficient way of recycling
batteries on a large scale. Assembling batteries in the same place as
recycling them would be a way of solving the issue, which is currently
happening. There should still be a lot more research on how to efficiently
recycle batteries. Pyrometallurgical processes are still used, although
environmentally friendly hydrometallurgy processes should be favoured.
Hydrometallurgical process is more efficient in retrieving metals com-
pared to pyrometallurgical process, thus hydrometallurgical process will
most probably be the method used in the future.
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