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FeatUre

RECyClINg 
lItHIuM IoN
Battery recycling is one of the industry’s biggest success stories. 
Lead acid has led the way in collection methods with over 99% of all batteries 
produced being recycled. 
Despite being in our phones and laptops for 25 years, lithium ion is yet to find 
a favoured recycling method, chemistry or collection system to follow in lead 
acid’s footsteps. 
With EV production surging, the race is on to find a common way to recycle 
these as Hans eric Melin explores 
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1. Volumes of batteries that will enter the  
 market 
2. Volumes of batteries that will be end- 
 of-life
3. Efficiency and capacity of the recycling  
 processes 

While the first factor is independent, the 
second and third are highly dependable on 
each other. 

In the case of lead, increasing demand for 
car batteries supports collection networks and 
establishes an almost risk-free environment 
for the industry. This is an ideal situation for 
those investing in new technologies and 
almost guarantees a profitable business. 

For most other battery chemistries its 
different. 

Their complexity requires advanced and 
capital intensive technology while the fast 
technical development of the products causes 
uncertainty for both the future material input 
and the demand of the final product. 

For rechargeable batteries, the 
development has been extreme. 

In less than 20 years the electric vehicle 
battery has moved from lead, to nickel 
metal hydride, to a wide array of lithium-ion 
chemistries. Power tools, laptops and mobile 
phones share the same development. 

The first lithium-ion battery was 
commercialised in 1991. 

Ten years later, nearly all mobile phones 
and laptop computers were powered by this 
chemistry.  

In 2004, a lithium-ion battery was used 
in an electric vehicle for the first time when 
Volvo launched their all-electric concept 3CC, 
using 3000 lithium cobalt oxide 18650 cells. 
In 2009, Tesla’s Roadster, the first commercial 
vehicle to use lithium-ion batteries, debuted 
using the same cells. 

Since then, over 2m cars with lithium-ion 
batteries have been sold.

It is not only mobile technology and 
vehicles that have embraced lithium-ion. 

The falling cost of lithium-ion production 
and its high energy density have sparked new 
uses including electric bikes, scooters, drones, 
and autonomous robots. 

Stationary energy storage is the most recent 
application and, potentially, the industry’s 
most significant. 

This rapid development means that 
lithium-ion will be the first battery technology 

hen assessing the future 
demand for critical battery 
materials, one often 
discussed factor is how 
many of the metals that 
can be recycled.

Ideally an increasing amount of cathode 
and anode material would come from spent 
batteries which would take care of the 
problem with disposal, and decrease the need 
for costly production of virgin metals.

The primary question is: how big an impact 
might recycling have? And the most common 
follow up question: is it technically possible?

Battery recycling has already a fairly long 
history.

Recycling of lead-acid batteries has been 
around as long as the batteries themselves. 
With easy handling, little need for pre-
processing and steady demand for the metal, 
recovery of the minerals and metals that make 
a battery has always been an integrated part 
of the lead value chain.

Recycling of household batteries and 
industrial batteries such as nickel cadmium 
started in the 1980s due to concerns about 
their toxicity and has been designed to keep 
these hazardous substances from ending up in 
the environment.

Today the battery recycling industry is 
highly professionalised with several growing 
companies using many sophisticated methods 
for sorting and processing many battery types. 

But in the wake of an ever increasing stream 
of lithium-ion batteries, there are concerns 
recycling them will not be as efficient as its 
lead acid counterpart. And the environmental 
implications, just because of the enormous 
volume, would be much bigger than in the 
case of chemistries such as nickel cadmium 
and nickel metal-hydride.

EVs’ Achilles heel?
Is lack of recycling the Achilles heal that 
might limit the success of the latest battery 
technology?

The short answer is no. 
There are no lack of possibilities to recycle 

lithium-ion batteries as thousands of tonnes 
of these battery chemistries are recycled every 
year. 

To understand how much of recycled 
material that may enter the supply chain, we 
need to consider three important factors:
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Cobalt is the undisputed 
driver of the prices in 
lithium-ion recycling
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Battery recycling 

used for two years. 
Therefore, in terms of what is available 

for recycling, we only expect the larger EV 
batteries to outweigh mobile device batteries 
from 2023 onwards. 

The ideal recycling product is a consistent 
one that can be organized into streams 
and those that have similar, high value raw 
materials that are easy to separate. 

The benefits of recycling lead batteries 
are clear: they are abundant and there are 
widespread common recycling methods. 

Lithium-ion batteries have many formats, 
are small and often mixed with other batteries 
and requires a sophisticated process to 
separate the different elements in the battery. 

Also, the main recoverable metals in the 
battery, copper, nickel, aluminium, cobalt, 
and lithium, have suffered from long term low 
prices. 

The result is that the cost for recycling 
is higher than the ultimate yield from the 
material. If these batteries through a recycling 
facility, they are then hit by regulations that 
means somebody is paying for the cost. In EU 
this is regulated in its Battery Directive. 

According to this directive, all member 
countries must ensure they have recycling 
systems that will collect at least 45% of all 
portable batteries.

In 2014, the amount of portable batteries 
available for recycling was 200,000 tonnes.  
However, EU members only managed to 
collect only 80,000 tonnes. 

The differences between these member 
states were huge. 

Of the batteries put on the market around 
20,000 tonnes were lithium-ion. With an 
average collection rate of 35% that means that 
not more than 10,000 tonnes of lithium-ion 
batteries were collected. 

Still the European numbers were world 
class. 

In the US, a little more than 1,000 tonnes of 
portable lithium-ion were collected through 
the industry’s leaders. With companies 
sending batteries directly to recyclers this 
number is most probably closer to 2,000 
tonnes.  

All in all, this means that less than 20,000 
tonnes of lithium-ion batteries were collected 
in 2014 in Europe and North America. This 
number will increase due to increased sales 
of batteries and the continuous efforts to 
improve collection in North America and in EU. 

to challenge lead acid in terms of installed 
capacity. 

Compared to nickel cadmium and nickel 
metal hydride, lithium-ion outperformed 
these chemistries in the early 2000s. Between 
2001 and 2015 the global lithium-ion battery 
market went from grew from under $2bn to 
over $15bn in annual sales.

target: 2023 
Still the market is in its infancy. 

Until 2010, it was completely dominated by 
mobile phones, laptops and camcorders. 

In the early 2010s, batteries in tablets 
helped to push the consumer electronics 
category further but from 2014 the category 
seems to have plateaued. Instead the growth 
is now seen in electrical vehicles, e-bikes and 
stationary energy storage systems.

This means that end-of-life batteries 
available for recycling are coming from small 
scale, mobile technology – a trend that will 
continue for another 5 years. These batteries 
also have a shorter lifecycle than those used 
in storage systems. 

While batteries in electric vehicles are 
expected to be good for at least eight years 
the average life of cell phone and laptop 
batteries is four years and only likely to be 
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But still, there is no doubt growth in 
collection and sustained progress on this front 
has been slow.

Instead the big change will be caused by 
lithium ion batteries used in pure EVs such as 
Tesla’s forthcoming Model 3 and Chevrolet’s 
Bolt. 

This is not only because of the higher 
volume of batteries being put on the market 
but also due to significant improvements on 
collection. 

Even if the regulations differ around the 
world, the very nature of these batteries and 
how they are dealt with makes recycling one 
of the few sensible end-of-life options for a 
battery. 

The risk that we will see illegal warehouses 
packed with scrapped electric car batteries, 
like in the past with spent TV sets, is very small 
as producers of these new vehicles care very 
much about their reputation.  

It is the same ethos for batteries used  
for stationary energy storage and backup 
power.

As a result, the collection curve for lithium-
ion batteries will sharply increase in the next 
ten years. And not only because of more 
batteries being available, but because that 
more will in fact be brought in for treatment. 
But does this matter? 

Will there be methods capable of bringing 
the material in the batteries back to what it 
once was?

Mainstream recycling methods 
Today, there are a handful of treatment 
options for lithium-ion batteries on each 
continent. 

From large metal refiners that use the whole 
battery as a feedstock to more specialised 
plants that normally treat the batteries similar 
to nickel metal hydride and nickel cadmium 
batteries.

The methods used can be divided into the 
following main categories. 

Pyrometallurgical treatment: The batteries 
are placed in a furnace and treated thermally. 

The electrolyte and plastic supplies some 
energy to the process as burns, while the 
valuable materials are reduced to an alloy. 
The remaining metals, including the lithium, 
covert into a slag. The metals in the alloys can 
then be separated through leaching.

Mechanical treatment: The batteries are first 

crushed or shredded. Then several mechanical 
steps like sifting and shaking are used to 
separate the constituent metals.

Hydrometallurgical treatment: The batteries 
are first going through a mechanical pre-
treatment which is followed by a chemical 
separation in large liquid baths.

In many cases, these techniques are 
combined and these processes are likely to be 
performed by many different companies in 
the value chain.

Portable batteries can be sent into either 
a furnace or mechanically treated, while 
batteries from EVs and energy storage 
installations needs to be disassembled before 
treatment. 

These batteries are arranged into packs 
which are made up by a number of modules 

▲

today, lithium is not 
recovered in any of the 
available recycling  
processes
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with the cells in both parallel and series. 
For most processes the batteries have to be 
dismantled down to cell level while some 
recyclers can accept complete modules. 

The disassembly process is very labour 
intensive and adds significant cost to 
recycling.

The efficiency of the processes and how 
much of the material can be recycled varies a 
lot and is debated in the industry. This is due 
to the complexity and the economical aspects 
of battery recycling. 

The rapid development in battery 
technology has produced several different 
combinations of cathode and anode materials. 
For a recycler, the difference in value can be 
more than double between the least and most 
valuable material composition in a cell. 

Cobalt dictates 
The main differentiator is cobalt. 

With its price worth between four and 
twelve times that of copper and nickel, cobalt 
is the undisputed economic driver of lithium-
ion recycling.

The first cathode chemistry that was used 
in lithium-ion batteries (lithium cobalt oxide), 
still dominates the market and has a large 
amount of cobalt inside, sometimes as much 
as 20%. 

This means that more than 80% of the 
material value in the cell comes from cobalt. 

Nickel Cobalt Manganese (NMC) and Nickel 
Cobalt Aluminum (NCA) contains cobalt, 
normally up to 8-9% which means more than 
70% of the value is cobalt. 

However, in a lithium manganese oxide 

▲

Battery recycling 

Nissan's lEAf has been on the market 
for 7 years. Its lithium ion battery pack 
is the most commonly recycled large 
capacity EV battery

C
redit: N

issan 
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Battery recycling 

battery (LMO) and lithium iron phosphate 
(LFP), the amount of cobalt is zero. That 
changes everything and there is no economic 
benefit to recycle these chemistries. Instead 
these batteries are used as feedstock in other 
processes such as in steel mills. 

Today, lithium is not recovered in any of the 
available processes and a common perception 
is that this is because of technical hurdles. 

However, it is really about economics, and 
most of all, volume. 

The amount of lithium in any lithium-ion 
battery is rarely more than 2%. And with 
a price on par with copper it is simply not 
possible to justify a separate process for the 
lithium at today’s volumes.

That does not mean it is impossible to 
recycle lithium. 

A large number of companies and research 
teams have come up with several potential 
processes but it all comes down to the 
numbers. 

Although the production of lithium-ion 
batteries today is at a record high, it will take 
many years until this generates significant 
volumes of end-of-life batteries. 

If the collection numbers of portable 
batteries do not improve, the sheer theoretical 
amount of lithium that could be recovered 
from end-of-life cars and electronics in 2023 
will be 4,000 tonnes worldwide. 

Of these batteries as much as 25% are 
expected to come from EVs from the early 
market leaders of Nissan, Renault and 
Chevrolet which all use either manganese 
spinel (LMO) cathodes or a combination of 
spinel and nickel manganese cobalt. 

As the cobalt amount in these are so low, 
the risk is high that these batteries will go into 
processes that makes it impossible to recover 
the lithium. That would make the number 
even smaller.

Another factor that might have an effect 
on the end-of-life streams is the concept of 
second life. 

Many lithium-ion batteries that enter the 
recycling facilities today are still good for use. 

Often, like in the case for backup batteries, 
they might not have been used at all. But even 
batteries from EVs are expected to have at 
least 80% of their capacity remaining when 
they are considered end-of-life. 

When facing a cost for recycling, which is 
the case for LFP and LMO, the potential to 
generate revenues from further use might 

be very attractive, given there are efficient 
procedures available. 

Several projects have been set up to 
prove the potential of using EV batteries in 
stationary storage systems or to use cells 
from consumer products for mobile power 
solutions such as power banks. 

Even though these batteries will still be 
recycled in the end, it will further delay the 
rise of recycled materials.

There is little doubt that the future is bright 
for the lithium ion battery recycling industry 
with phenomenal growth expected from 2020 
onwards. Every year into the new decade, 
annual volume growth of available lithium 
ion batteries for recycling will range from 15% 
to 30%.  

However, even in the most ambitious cases 
where collection rates are high and recycling 
is optimised, the amount of lithium and cobalt 
that is recycled will be minimal compared to 
the overall size of these mineral markets. 

For companies with innovative processes 
and smart collection systems, however, this 
will still translate to very good business. 

CONTRIBUTOR: 
Hans Eric Melin is a globally respected 
battery recycling expert that has worked at 
a number of companies active in the field 
including Optisort, Refind, and Battery 
Solutions.
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Battery recycling is a runaway success for the industry owing to the simplicity of 
the lead acid chemistry
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