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Key Takeaways

Battery recycling isn't the most sustain-
able strategy when it comes to disposing
of used electric batteries - not by a

long shot. We still don’t have sufficient
industrial-scale recycling facilities in
place, and those we do have cannot
provide the efficiency or the capacity we
need to handle the sheer volume of used
batteries coming down the line. However,
by championing the right multi-life ap-
proach, we could make battery reuse and
repurposing a lot more attractive.

The multi-life model has the potential

to reduce car battery costs by up to
€3,000 based on the calculations in our
multi-life battery model. With a modified
design and a full lifecycle approach,
costs are likely to go down and revenue
go up at various intervals in the product
lifecycle.

Lower costs will make car prices more
competitive in the entry-level and mid-
price segment, closing the gap to Chinese
competitors and securing market share.!

If the strategy works as intended, it could
increase the overall share of EVs on our
roads and help us meet our net-zero tar-
gets for personal mobility much faster.

European automobile manufacturers
could become less dependent on
third-party suppliers with the right multi-
life strategy. And even if there is some
business risk in this approach, OEMs
should do everything in their power to
secure a strategic advantage until they
can achieve the efficiency gains they need
to catch up with their competitors.

Itis up to both manufacturers and politi-
cians to advocate for clear-cut regulatory
policies and support the industry during
the transition.

04 ' See also our study “The Key Role of Battery Costs”, Deloitte, 2023.



https://www2.deloitte.com/de/de/pages/consumer-industrial-products/articles/study-key-role-of-battery-costs-in-automotive.html
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INtroduction

To produce the batteries driving the energy transition in personal
mobility, we need a variety of raw materials that are not available on the
European continent. Germany and the EU are heavily dependent on
sourcing these materials from non-European countries, a situation we
urgently need to rectify. In the past, European companies managed to
solve similar challenges and reduce dependencies as well as costs by
introducing closed-loop systems and recycling initiatives. That will not be
enough to solve our current battery conundrum — we need to embrace
novel solutions, and the time to act is now.
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The battery recycling
conundrum

At this point, we all agree that every prod-
uct should be recycled when it reaches
the end of its useful life. This is particularly
true for products manufactured with high-
value, scarce raw materials - or when the
materials or the manufacturing process
itself present economic and environmental
challenges. Lithium-ion batteries tick all of
these boxes, but there are serious chal-
lenges when it comes to battery recycling.
With electric vehicles entering the market
at record rates, most of the batteries being
produced today go straight to the vehicle

production line. The number of batteries for
EVs is certain to keep rising (see Fig. 1). At
the same time, stationary energy storage is
quickly becoming a key factor in the transi-
tion to renewable energy, another strong
driver of battery demand. That means
double the number of batteries that will
eventually have to be recycled. It is time for
business and political leaders to face up to
these future challenges and come up with a
feasible plan to radically change our linear
business and consumption models. The lat-
est Deloitte Global Automotive Consumer

Fig. 1 - Forecast battery demand in Germany by application
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2"Global Automotive Consumer Study”, Deloitte, 2024,

Study found once again that the majority of
respondents are concerned about the envi-
ronmental impact of batteries. In the eyes
of consumer, it is up to the stakeholders
along the entire battery value chain to work
together and find a solution for collecting,
storing and recycling batteries at the end of
their useful life.?
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https://www2.deloitte.com/de/de/pages/consumer-industrial-products/articles/global-automotive-consumer-study.html
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Europe must recycle

The European continent does not have the
raw materials needed to produce batteries,
and that makes us dependent on imports
of primary raw materials. To reduce our
dependency over time, we have to keep

the raw materials within the material cycle
and introduce a comprehensive recycling
system. The Council of the European Union
recently adopted new regulations with
stricter recycling requirements, shifting the
responsibility for recycling to battery manu-
facturers. The new regulations require
manufacturers to disclose the carbon
footprint of their batteries. In a second
step, manufacturers will be subject to man-
datory limits for the carbon footprint in all
phases of the product lifecycle from manu-
facture to recycling. A series of provisions in
these regulations and the new Battery Act
gradually pass the responsibility for battery
recycling back to manufacturers. The EU
also plans to invest heavily in research and
development as well as providing incentives
for the private sector to ramp up produc
tion and recycling capacity.
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Fig. 2 - New regulations for traction batteries in the Battery Act?

Battery passport

BMS As of 2027, all new batteries will
As of mid-2024, all batteries require a unique digital battery
must be equipped with a battery passport.

management system (BMS) to
provide information
on its health and lifespan.

)

Recycled content |
The first step requires
manu-facturers to
specify the battery’s
recycled content as
of 2028.

Due diligence
As of August 18, 2025, all
economic operators will be
obliged to meet various due
diligence requirements,
including management
systems, a risk management
plan and due diligence
disclosures.

Resolution
OnJuly 28, 2023,
the European
Commission
announced the new
battery regulations,
which came into

Footprint |
Manufacturers must
provide a carbon

Footprint Il
In addition to the
existing labeling

Footprint Il

Batteries must comply
with the maximum

force on August 17,

footprint declaration requirements,

2023. . for all batteries. manufacturers must
: also declare the
@ performance class as
of mid-2026.
Recycling |

Manufacturers must
meet their recycling
targets (65%) by the end
of 2025 at the latest.

Source: Regulation of the European Parliament and the Council on batteries and waste batteries, amending Directive 2008/98/EG und

Regulation (EU) 2019/1020 and repealing Directive 2006/66/EG.

carbon emission limits
over the entire
lifecycle. The EU has
not yet set these
limits.

3 Regulation of the European Parliament and the Council on batteries and waste batteries, amending Directive 2008/98/EG und

Regulation (EU) 2019/1020 and repealing Directive 2006/66/EG.

)

Recycled content I
In the second step,
there will be
man-datory
minimum levels of
recycled content for
industrial batteries
as of August 2031.

Recycling Il
The efficiency target
increases to 70%.
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Caveat: Recycling poses serious
challenges

The big caveat with recycling is that we are a
long way from achieving a closed-loop eco-
nomic and environmental solution in terms
of the efficiency of the recycling process, the
technology and energy required as well as
the quality of the secondary material. The
lack of suitable recycling facilities and suppli-
ers is another important issue. Consumers
are well aware of this problem, which is
quickly becoming a key factor in their pur-
chasing decisions. According to Deloitte's
consumer survey “Future of Automotive
Mobility to 2035", 76% of the respondents

in the EUROPE-5 region (Germany, France,
Italy, Spain and the UK) say that a carefully
considered plan for battery reuse and
recycling is an major factor in their choice of
car brand.* Clearly, this plan needs to cover
more than just recycling.

The process is too inefficient

One of the key technical factors holding
recycling back at the moment is process
efficiency. Batteries are made of various
metals that are not all equally easy to sep-
arate mechanically. In other words, there
are certain kinds of raw materials we are
unable to recover in their pure form. But it
is precisely the pure form of the material
we need in order to reuse them. So, at
the end of the recycling process, we are
left with a certain amount of material that
cannot be recycled, known as “black mass”.
Even the latest, state-of-the-art processes
can only recover around 70 percent of the
total lithium, which means a third of this
precious resource is lost.

EU governments have regulations in place
to increase recycling efficiency. However,
these targets only apply to the material
that is actually sent for recycling. What this
means in plain terms is that, by the end of
2025, manufacturers will only be obliged

to recycle 325 kilograms of a 500-kilogram
battery with a certified recycling com-

pany. Incidentally, 185 kilograms of the
total weight is already accounted for by
easy-to-recycle auxiliary materials such
as casings, insulation, cables, etc. Itis the
rare materials in the battery cells that are
difficult to recover, and even with these
stricter requirements, we will only be able
to actually recycle half of these materials.

Can we even call it recycling?

To make a battery, you need extremely
high-quality raw materials. The purity of the
raw material, measured in so-called grades,
determines its quality, with “battery grade”
as the highest quality. This level of purity

is impossible to achieve with our current
recycling systems, which is why we should
probably be using the term downcycling
rather than recycling. This is particularly
true for the rare raw materials within the
battery cells. While we can easily separate
and recycle steel casings, polycarbonate
insulation or copper electrical cables, this is
not the case for the lithium-ion cells inside
a battery. There are complex chemical pro-
cesses available today that will take some
of these materials back to battery grade,
but they require so much energy that you
can only operate these facilities in regions
with extremely low industrial energy prices.
This solution would provide a truly closed-
loop process, but most of the time the raw
materials end up as process waste, which is
no longer available in the material cycle.

Recycling requires serious effort
Recycling batteries requires an enormous
amount of effort. In addition to the time
and technical demands, the recycling pro-
cess requires a lot of energy as well. Metal
is melted at temperatures above 1000°C,
resulting in the total loss of all organic raw
materials,® to say nothing of the increased
health and safety risk of some process
steps. Battery recycling companies gen-
erally get their energy from process heat,
and the carbon footprint varies widely
depending on the respective energy

4 "The future of automotive mobility to 2035, Deloitte, 2023.

> Dolotko et al. (2023).
10 5 Mohr, et al. (2020).

source. There are various recycling options
available today, and each has its pros and
cons. For example, the use of strong acids
can reduce amount of energy required,
but the environmental impact of acids is
high. Other methods might be very good
at recovering one particular raw material,
while destroying others at a higher rate.

Battery recycling is a relatively

new industry

It may seem as if there is more than
enough recycling capacity in Europe today,
but we can expect bottlenecks sooner
rather than later considering the num-

ber of battery-powered electric vehicles
flooding the market. This is due in part to
several new battery production facilities
currently being built in the EU. These new
sites tend to have a disproportionately high
rate of production waste during the first
few years, which means that half of the
waste destined for recycling will be coming
directly from cell production. By 2030, a lot
of traction batteries will be at the end of
their useful life, pushing the capacity of the
recycling facilities currently in development
to their limits.


https://www.deloitte.com/global/en/Industries/automotive/analysis/future-of-automotive-mobility-study.html
https://www.deloitte.com/global/en/Industries/automotive/analysis/future-of-automotive-mobility-study.html
https://www.deloitte.com/global/en/Industries/automotive/analysis/future-of-automotive-mobility-study.html
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Fig. 3a - Source of batteries sent for recycling’
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Fig. 3b - European battery recycling landscape?®
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Bottom line: Battery recycling is not
cost-effective

The raw materials used to make batteries
are scarce and expensive. An EV battery
with 70 kWh and an NMC cathode is worth
€1300 in metal alone. That figure drops by
half when we switch the cathode to LFP,
which is more and more common today.’
And yet, for the reasons we outlined above,
the recycling process is still so challenging
that the costs far exceed the revenue from
the sale of secondary raw materials. Recy-
clers have responded by charging standard
fees of €40/kWh and more when they take
batteries for recycling.'® Another key chal-
lenge is that today's batteries and cars are
not designed for easy recycling. However,
even if we managed to modify the design
immediately, it would take many years for
these recycling friendly designs to arrive at
the recycling facilities and allow for easier
recovery of valuable raw materials.

,Batteries are the single most expensive components in
an electric vehicle. Production is energy-intensive, and
the necessary raw materials are rare and expensive.

It makes no sense, economically or environmentally,
to recycle such a high-value product too soon - even
though it is obvious that we will eventually have to
recycle it when it reaches the end of its useful life.”
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Recycling should be a last resort

Of course, batteries don't have an unlimited
useful life. Recycling is ultimately unavoida-
ble, but we should do everything to delay it
for as long as possible. Even if we extend the
lifecycle to the maximum, it will eventually
end up at a recycling facility at end of life.
The raw materials used in batteries have

a high residual value and remain scarce.
And since it is often impossible to source
these primary raw materials in line with ESG
guidelines," we need to reduce demand by
creating a closed-loop system. This is not
feasible at the moment, so we should focus
on continuing to use the batteries until it
becomes a reality.

Dr. Harald Proff | Partner | Sector Lead Automotive

9 Neefetal. (2021), S 15.
0 Kampker et al. (2023), S 14.

' ESG = environmental, social and corporate governance.
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Multi-life approach

The more sensible approach from an eco-
nomic and an environmental standpoint
begins long before recycling: The goal is
to extend the useful life of a product as
far as possible. One promising strategy is
the multi-life approach, where we retain
the value of the products by using them in
different applications, while also reducing
energy and CO, emissions. The multi-life
approach is based on the modular design
of various components that offer a variety
of uses and make them both more cost-
effective and more sustainable. Integrating
retired battery modules in other devices

and systems opens a wide range of busi-
ness opportunities. The concept of reuse
and repurposing, as the cornerstones of
the multi-life approach, are worth recon-
sidering in the context of industrial design.
We can continue to use the various com-
ponents of a product in different appli-
cations after the original use is finished,
shifting our understanding of a product as
a temporary combination of parts used in
different ways for different purposes. To
make multi-life batteries a reality, a holistic
approach is vital. That way, we can extend
the lifecycle, reduce costs and help all

users save resources as well as energy. The
main focus is obviously on environmental
gains through lower energy consumption
and CO, emissions, but all the better if we
can minimize the financial burden on end
users at the same time.




One opportunity to reuse batteries as
part of the multi-life approach is shown in
figure 4. The batteries are manufactured
for use in electric vehicles initially, with a
focus on future disassembly and reuse
early on in the product design stage. When
a car reaches the end of its useful life,
most batteries are still suitable for reuse.
The average car battery is so large that it
can still power up to four energy storage
units at this stage. It finds a second life as
a home storage system for solar power
or as a buffer storage system in industrial

Fig. 4 - Basic multi-life concept

Source: Deloitte graphic
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applications. With both a lower load and a
lower capacity-to-weight ratio for batteries
in these stationary applications, there are
no issues with this type of reuse. In fact,
the residual capacity of retired car batteries
is more than enough for applications like
these. There is also the option to combine
several batteries to provide extra storage
for applications with higher capacity needs.
And after being used in a stationary energy
storage system, the same batteries can find
a third life in electric forklifts, for example.
The performance of retired lithium-ion bat-

teries at this stage is the same if not better
than the lead or nickel-cadmium batteries
commonly found in forklifts today. This is
just one example showing the potential for
reuse when subsequent applications have
lower performance requirements for the
batteries than the previous ones.
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How can we make the
multi-life model a reality?

Of course, implementing a multi-life busi-
ness model is not as simple as just repur-
posing retired batteries. There are multiple
hurdles to overcome, and the different
stakeholders have to commit to working
together. If we are serious about persuading
car and battery manufacturers to embrace
multi-life use, the vital first step is to deter-
mine whether it makes economic sense.

Economic benefits of the

multi-life model

Is it possible to generate more profit
potential with a multi-life battery over its
entire lifecycle than with the batteries we
use today? To answer this question, we
compared the multi-life approach, which
uses one battery for three different appli-
cations, with the single-life model in use
today. Figure 5 outlines the basic concept
of these two models. The added value is
evident after the first use! While the battery
performance in the car has deteriorated to
the extent that it must be replaced, there
is still plenty of residual capacity available
in this battery. We calculate the added

value as the difference between the value
attributed to the battery by its users and
its actual technical value: The user’s sub-
jective view is that the battery no longer
provides sufficient power for their electric
car, presenting a clear difference between
the battery's perceived and actual value.
The battery is essentially worthless to the
car owner, although its residual capacity

is still perfectly suitable for a second life in
another application. The user then returns
the battery to the manufacturer at no cost
or only for a low buy-back price. As soon as
it is repurposed for a suitable application,
the battery increases significantly in value.

,When a car battery no longer meets the
requirements of the driver, it doesn’t mean
the battery is at the end of its useful life.
There are still plenty of applications it is
very well suited for, for example as buffer
storage for solar power, an area that will
only increase in importance as the energy
transition advances.”

Dr. Harald Proff | Partner | Sector Lead Automotive
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Fig. 5 - What is the basis for comparison in the multi-life model? (not to scale)
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Source: Deloitte graphic
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With the multi-life approach, we use bat-
teries several times throughout the course
of its useful life. The single-life approach
requires three separate batteries. The
costs and revenues vary between the two
approaches, making it difficult to achieve

a meaningful comparison. So, we focused
instead on the consequences. In order

to create a reliable baseline, we compare
the multi-life battery to a battery with the
same technical specifications as the retired
battery moving to a different application.
The loss in value of the multi-life battery

seen in the graphic is mainly due to the
fact that customers generally expect to pay
less for a used product and would always
opt for a new product if the price were
equal. That is why we use a lower revenue
figure here in our model. There are various
factors impacting each of the parameters in
the graphic, which we will discuss in more
detail in figure 6. By combining the costs
and revenues of the different models, we
can calculate the added economic value of
multi-life batteries, which we call “multi-life
potential”.
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Fig. 6 - Key parameters impacting the multi-life model

Explanation

@ Impact on multi-life

Battery
capacity

The battery capacity of the EVs determines how
much capacity can be expected at the end of life.
The average battery capacity is increasing at the
moment but is expected to eventually level out.

Larger vehicle batteries mean more capacity
available for each additional life, which can be
allocated as needed for each application.

Improved battery technology means a longer
useful life, in the EV as well.

Reusability has a strong impact on the value of the
battery after each use. Any increase in reusability is
positive for multi-life use.

@ Repurposing

The costs for repurposing are high at present. The
more design-to-multi-life principles and the more
automation we introduce, the more costs will fall.

If the repurposing costs go down, it will have a very
positive effect on the added value of multi-life use.

@ Recycling

Technological advances and an increase in the
number of recycling facilities available will lower
costs, while revenue from the sale of recycled
metal is likely to stay relatively stable.

High recycling costs amplify the benefits offered
by multi-life. If recycling is highly profitable, the
benefits decrease.

g Battery
@ price

The price for batteries will continue to fall, though
this is not evident in all applications. Prices of
home storage systems, for example, is significantly
higher than that of electric cars today.

The battery price at the time of repurposing is
decisive for the potential revenue after switching
to a new application and therefore for the
multi-life potential.

Demand

The market for energy storage systems is still in
the early stages. Decentralized energy production
and the storage needs for renewable energies
such as wind and solar power will further
increase demand.

Where demand is high, reuse will be an attractive
option for more customers. Greater awareness
about environmental issues is particularly positive
for the multi-life model.

Willingness
to pay

Customers' willingness to pay fluctuates significantly
in line with public sentiment. Following the energy
crisis, for example, we saw a sharp increase in
demand and in the willingness to pay for private
energy storage.

Each of the above factors will influence customer
behavior and make the price they are willing to pay
relative to that of a new product.

Source: Deloitte graphic
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We calculated three scenarios in our model scenarios based on our calculations, pre-
to ensure we are able today to model differ- senting a best case, a base case and a worst

ent future developments today and fore- case. The best and worst cases are the

cast their impact. Varying the parameters scenarios calculated with parameters at the
within the expected range not only influ- outer limits of the expected range. The base
ences the actual value, but also whether case parameters are at the midpoint of the
itis classified as cost or revenue. Figure 7 range and approximate the situation as it
compares the outcomes of the different stands today.

Fig. 7 - Added economic value

Multi-life vs. Single-life

100% 100% 51% 3 100% 67% 3100% 74%
0
90%
80%
70%
60%
50% 49% 19%
40%
33% 2% 9% 35%
0 (1]
. 30% - 31%
%
26%
20%
10%
0%
e g g
2 e 2 £ : g T 2 g g T 2
§s » = 8 < 5 9 = 3 ¢ 5 v = 3 ¢
3 38 > 3 c o 8 > 3 c o 8 > 38 c
x ) = < N o O = < n o O = < %)
Best Case Base Case Worst Case

Source: Deloitte graphic
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By converting the multi-life potential from a
relative to an absolute amount, we esti-
mate an additional €50/kWh in revenue

in the best case scenario. That means
€3000 in added value, based on the aver-
age battery size and optimal use of the
battery. It will take smart ideas and bold
entrepreneurs to generate sufficient added
value to reduce costs for users and make
both EVs and home storage systems more
affordable.

What do these results mean in the

real world?

The multi-life approach is a profitable
business model! In every scenario we calcu-
lated, the total revenues exceed the costs,
though the added revenue is 9 percent
lower in the worst case scenario. There is
clearly a viable business case for reusing
retired EV batteries. Based on the three
applications in our model, even our cal-
culations with the most realistic multi-life
parameters (base case) show slight added
value over the current single-life concept -
with a good chance of more value added as
we move towards the best case scenario.

This is not to say that the multi-life
approach is a guaranteed success. In our
base case scenario, the added value is
too low and the risk of ending up in worst
case territory is too high to appeal to
industry leaders. That's where the govern-
ment comes into play. The private sector
definitely needs regulatory support, par-
ticularly during the first few years, to help
reduce the risk and increase the benefit.
In Section 5, we provide an indepth expla-
nation of the potential impact regulatory
policies can have on the multi-life model.

Why batteries are too valuable to recycle | A multi-life approach to battery use

What factors can make or break the
multi-life model?

There are some parameters in our model
that are subject to uncertainty. And then
there are others that are highly interde-
pendent, making it difficult to adjust them
separately. But we found a way to vary the
parameters within the expected range and
analyze the results to forecast the out-
comes in the different scenarios.

Note

Our model calculates a large number
of different variants. And in some
cases, different combinations of

our parameters produced the same
result. The three scenarios presented
here are designed to represent the
outer limits of what is plausible. We
calculated the average of the three
most extreme outcomes for our best
and worst case scenarios to ensure
our results were robust enough to
avoid statistical error. This method
does indeed improve the results,

but does not allow us to draw direct
conclusions about the individual
parameters.

The multi-life model has huge potential to
add value, particularly when repurposing
costs are kept to a minimum, when there

is no incentive for users to return batteries
at the end of life and when the product
design costs for multi-life applications do
not adversely impact battery production
and installation. At the same time, there are
benefits to keeping battery recycling as a
cost factor. This is certainly the case with
the single-life model. Along with some oth-
ers, varying this parameter produced our
best case result. In the worst case scenario,
by contrast, there were virtually no changes
to the battery design, driving repurposing
costs up and making the recycling option
more profitable at an earlier stage. This
would definitely not incentivize users or
manufacturers to go to the effort of reusing
retired batteries.

2 The average battery size for EVs on the German market is 60 kWh.
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Further requirements
for multi-lite

There are several steps to go through
before we can achieve the economic ben-
efits of the multi-life approach. It is vital to
tackle all of these steps in advance before
you can take the finished product and
business model to market.

When regulatory policies constantly
change, that means all players involved
have to keep changing their business
practices as well. So, the first step would
be to create a reliable, uniform regulatory
framework with clear guidelines for the
products and for the manufacturers and
users. Where the added value is not suffi-
cient, additional political intervention may
be necessary. Another key step is to set up
the right organization. The multi-life model
needs a coordinator that can bring all of
the stakeholders involved together. Filling
that position will require OEMs to redefine
their own role. A further step involves the
technical implementation and the design-
to-multi-life concept.

Regulatory policies

In terms of the regulatory framework, clear
guidelines will enable industry leaders to
make longterm plans. But we also need
political intervention to increase the appeal
of the multi-life battery business model.

All of the scenarios we calculated need
some political intervention, at least initially,
to generate enough added value to make
multi-life a viable option.

22

To establish the regulatory framework for
political and industry leaders, we must
first define a clear goal. The ideal compro-
mise would challenge manufacturers, but
not include any mandates that put them
in a weaker position than their foreign
competitors. In addition, this framework
will only be effective if it applies equally
to all stakeholders in as many countries
as possible. Lawmakers in the EU and
Germany are already working on this, but
many of the initiatives are still at an early
stage or would only come into effect after
a long transition period.

Stricter recycling regulations for batteries,
for example in the Battery Act (see figure
2), will help shift the focus more towards
the multi-life approach. When manufac
turers are faced with costly recycling fees
for retired batteries, extending the useful
life to the maximum (and therefore the
multi-life option) will seem like a better,
more logical alternative. There are, how-
ever, other political levers that will make the
multi-life model more realistic.



Table 1 - Possible actions

Design

@

* Standardized design specifications, connectors and controls
* Specifications for design-to-multi-life applications

c
n
o

* Legal provisions for longer service life (across all applications)
* Strict CO, footprint regulations across the entire lifecycle

Research and development

®

* Grants for development work on automated repurposing

* Research on improving reusability

Demand creation

(LT
11

* Subsidies for EVs with modified design

* Subsidies for using retired batteries in multi-life applications

Some of our proposals for regulatory
action only impact the multi-life potential
indirectly, while others have a direct effect.
If we are serious about promoting the
multi-life approach, it is also worth consid-
ering when these regulatory interventions
take effect. Subsidizing the purchase of
applications that feature retired batteries
could offer a huge advantage for the multi-
life approach, but not until ten to fifteen
years from now. And even though some
measures would theoretically boost the
potential of the multi-life approach, they
could actually adversely impact the goal of
broader EV adoption. So, we have to make
sure our interventions are very targeted,
particularly given that some subsidies are
currently being phased out.

Lawmakers have the opportunity to
make the multi-life model the European
standard for batteries. There are cur-
rently no provisions designed specifically
to mandate multi-life battery use in the
Circular Economy Act, the new EU Battery
Regulation or Germany's Battery Act.
However, the EU Battery Regulation is
the first piece of legislation to stipulate a
full lifecycle approach taking the environ-
mental footprint of procurement, pro-
duction, use and recycling into account.
The stricter they enforce the maximum
carbon footprint limits, the more attrac-
tive the multi-life approach will become.
Lawmakers should step in here and make
the multi-life model mandatory, either
directly or indirectly.



Organizational structure

Who is responsible for coordinating the
new ecosystem?

There is a critical question when it comes
to designing this new ecosystem: Who is
going to coordinate it? Without precise
monitoring and management of a multi-
life battery's lives, we will not be able to
make the most of this model. Other ques-
tions arise, such as: When is the battery
best suited for which application, and who
are the most suitable customers? When
the time comes to switch applications, do

Fig. 8 -Ecosystem design

the batteries have to meet certain require-
ments? And how do we match supply

to demand? No single manufacturer or
sales partner will be able to answer these
questions on their own; this is where the
coordinator comes into play. Though sim-
ilar to the wellknown battery-as-a-service
concept, this business model takes it one
step further. Now, the question is: Which
stakeholder is best suited to acting as
coordinator, and what impact will this have
on the role of the OEM?' There are essen-
tially three possible approaches.

NB

When it comes to calculating the
effect of the multi-life model, we
believe the multi-life battery should
remain in the possession of one
owner across several applications, but

be used by different customers. The
manufacturer could also conceivably
buy back the battery after use, but
this would reduce the revenue poten-
tial to such an extent that the system
no longer makes economic sense.

Multi-Life-Ecosystem

Fully integrated
coordinator

New player
coordinator

Coordinator only for
subsequent use

Manufacturer || Refurbisher Recycler Manufacturer || Refurbisher Recycler
v v v
Coordinator Coordinator
OEM 1 OEM 2 OEM 3 OEM 1 OEM 2 OEM 3
y
Customer 1 Customer 2 || Customer 3 Customer 1 Customer 2 || Customer 3

Manufacturer || Refurbisher Recycler
N
y
Coordinator
y A
OEM 1 OEM 2 OEM 3
Customer 1 Customer 2 || Customer 3

@

M Within the corporate structure
B Within the coordinator’s area of influence

Outside the coordinator's area of influence

@

@

Source: Deloitte graphic

The term OEM (original equipment manufacturer) is used in reference to the manufacturers who install the batteries in the
24 respective products. OEM 1 here is the car manufacturer; OEM 2 and 3 are not specified.



1. Fully integrated coordinator

To maximize the economic potential with
this option, the coordinator needs to be
fully integrated in various areas of the
multi-life ecosystem. The more focus
placed on this issue, the more leeway
stakeholders will have in designing the
ecosystem. A coordinator that is affiliated
with the manufacturer within a corporate
structure will find it easier to apply design-
to-multi-life principles. The OEM will be
able to impact the primary use, for exam-
ple by setting a fixed service life, while also
using the multi-life potential to make the
battery more affordable. Adding refurbish-
ment and recycling to the mix will provide
additional benefits, since the coordinator
will be able to keep initial repurposing costs
under control and complete the close-loop
cycle at a later date.

Why batteries are too valuable to recycle | A multi-life approach to battery use

2. New player coordinator

Another option is to separate the coordi-
nator’s business model from both produc
tion and use. Acting as a facilitator and an
interface between the individual players,
the coordinator in this option oversees

the ecosystem. The influence on the way
the product is manufactured and used is
limited, but the coordinator can still work
to maximize the multi-life potential and
make the model accessible for OEMs. If it

is possible to reduce costs through longer
use, the coordinator could be in a stronger
market position than the battery manufac
turer. Having a longer-term business model
enables the coordinator to use subsequent
earnings to sell the battery to any OEM

at a much cheaper price than a single-life
battery manufacturer could.

3. Coordinator only for subsequent use
The third option has less to do with the
original concept of an ecosystem coordi-
nator, and to some extent we are already
seeing this option play out today. In this
case, the coordinator only appears on the
scene after the first use is finished, acting
as an intermediary for products already in
use. The coordinator can bundle demand
and have an indirect impact on production
by offering the first OEM enough added
value to justify repurposing the battery for
subsequent resale — even if it means other
downsides for the OEM. The coordinator in
this option is essentially a platform opera-
tor and will have to proactively buy batter-
ies to ensure sufficient supply.

The first option, where the multi-life coordi-
nator is fully integrated, offers the greatest
leeway in terms of ecosystem design. This
not only allows stakeholders to generate
maximum revenue in all relevant stages of
the product lifecycle; having a fully inte-
grated coordinator also offers the best
opportunities to manage the different
product lives and reduce dependencies.
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The technical side of the * Batteries should be long-lasting by

multi-life approach design. In some situations, this may
Design-to-multi-life involve limitations in certain areas of
To determine whether repurposing is application, which we will just have to
economically viable, it ultimately comes accept.

down to the technical effort required. This
is where the multi-life approach differs

Itis also vital to design for disassembly;

significantly from previous reuse initiatives. in other words, it should be easy - or
Manufacturers that succeed in establishing perhaps even automated - to remove
design-to-multi-life as standard will be able and dismantle the batteries using stand-
to avoid many of the previously necessary ard tools.

processes and reduce costs by as much

as 50 percent.* Design-to-multi-life is not If we adopt these changes in the product

just about modifying the shape and size of design, it will take significantly less effort
a battery, there are other aspects involved at the end of the primary use and make

here as well: the transition to the next life much easier.
This is what distinguishes the multi-life
* We need to define standardized battery approach from the alternatives often
modules for manufacturers. Traction referred to as “second life”, which only start
batteries for EVs are already on the right considering the realities of the next phase
track, but different manufacturers still when itis already too late.

use different systems.

There has to be a system of standard-
ized connectors. In addition to electrical
energy, these connectors must also
transmit data on the health of individual
cells and make it accessible for the vari-
ous players in the value chain.

Stakeholders need a digital platform
where they can interact. The so-called EU
battery passport is a good first step.

26 “See Kampker et al. (2023), Pluhnau et al. (2023).



Conclusion

We all know that the circular economy is
the future, but it is virtually impossible to
predict how the transition will play out in
the real world. Our current battery recy-
cling system, despite considerable techno-
logical advances, clearly does not have the
capacity we need and has considerable
room for improvement in both environ-
mental and economic terms. Multi-life
batteries not only generate added value
that could help make electric cars more
affordable for consumers and promote
more widespread adoption, among other
things; they could also represent a major
step towards more sustainable use of
resources.

Making multi-life a reality does, however,
have its challenges. It will take a range of
economic factors as well as decisive regula-
tory intervention to make this model a suc
cess, particularly if the multi-life approach
seems too expensive. We cannot put the
responsibility for change solely on industry;
politicians need to be proactive to ensure
the right regulatory policies are in place.

The multi-life approach is hardly a guar-
anteed success. It requires a coordinated
effort from various players, including man-
ufacturing companies, research institutes
and political decision-makers. Without this
close collaboration, we will be unable to
reap the economic rewards or meet our
sustainable development goals.
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Finally, we must acknowledge that it will
take a considerable amount of time to pro-
duce cars with multi-life batteries destined
for reuse. That is why it is so urgent to take
action now and speed up the transition

as well as promote the sustainable use of
batteries in electric cars.

The multi-life approach for car batteries is
only the first step. We need to extend this
idea to the entire vehicle and find closed-
loop solutions for various different com-
ponents. This applies to every part of the
car, from plastic fittings, which can easily be
converted into recyclable material, to dis-
plays, which are becoming an increasingly
important feature in today's vehicles.
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Appendix

What factors impact multi-life
potential?

The economic potential of multi-life use is
based on the comparison between multi-
life and single-life batteries. The results are
shown in Fig. 9, which also highlights the
parameters that impact results and where
this is evident.

The graphic show that the maximum and

minimum values, which define the range
between the best and worst case, are

Abb. 9 - Multi-Life-Potenzial

Multi-Life-Approach
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primarily evident in the multi-life approach.

When we vary the initial parameters, the
result jumps by 16 or 7 percent, while the
differences are in the low single-digit range
in the single-life approach. Designing the
multi-life business model clearly offers
the best opportunities and gives indus-
try a lot of leeway. One key aspect here

is the proportion of costs attributable to
repurposing. If batteries are designed for
repurposing from the outset and easy to
assemble and disassemble in all appli-

Impact of the parameters

The differences between the

on the result

Battery
capacity

i | scenarios are due to falling revenues
Production and rising costs triggered by
fluctuations in the parameters.
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cations, the costs go down significantly.

In the past, German companies made a
name for themselves as experts in pro-
cess efficiency - a skill that offers a decisive
advantage in this area as well.

Multi-Life
Costs  Revenue

Single-Life
Costs  Revenue

©

BEV - battery-powered electric vehicle, ESS - energy storage system, FL - forklift. * In the best case scenario, recycling
is only profitable after the third use; in other words, it costs more to recycle than to reuse in the first and second use. 29
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