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Return of millions of tonnes of spent Li- Focus on strategic materials: lithium and graphite
lon batteries to the EV market over the
next two decades The European Union aims for economic autonomy regarding strategic

! ‘ raw materials, which are crucial for Europe's technological and eco-
nomic sovereignty.

Amount of lithium that
could be recovered

One example of low-value but strategic elements are lithium iron
phosphate (LFP) batteries, which contain lithium and graphite. LFP
batteries might dominate the market for lithium-ion batteries in the
future due to their lower costs and higher safety (1). However, recycling
this cell chemistry is still a challenge as there is no economical process.
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< Even if there will be a flood of spent LFP batteries in the coming decades,
T the cost of recovering these strategic materials will be too high to make
o= a minimal profit. Strategies such as secondary use and repair have
yyorthiess (2) Example in Germany: been implemented, but in the end spent LFP must be recycled.
Fe, P GRS Foundation [2] makes L . _ _ _
a significant contribution Companies involved in R&D are essential for LFP recycling. Developing
to increasing the collection environmentally friendly, efficient, and cost-effective recycling techno-
(1) Overview about lithium in different cell volumes required by the logies is crucial for sustainable and timely recycling of LFP waste. As LFP
chemistries, applications, strategies of Battery Ordinance, e.9-73%  patteries are commonly used in society, their significance should not
circularity and current situation of LFP. by 2030.

be underestimated. Foundations, NGOs, associations could help
raise awareness about the drawbacks and potential value of waste LFP
batteries, promoting responsible waste separation. Introducing a depo-

. ol e B o emand £0 coll mrodtetion sit system, already common in Europe, could also be considered (2).

30 Without guaranteed supply, investment power for production lines
%25 R declines, as seen with lithium-ion batteries. Strateqic element_s are not
320 2030: DEMAND > SUPPLY always valuable in the global market. They are reqularly redefined by
S5 the EU, influencing reqgulations, such as a 12% recycling quota by
=10 & 2036. Figure (3) shows that the impact is moderate to low, which means

5 o £ _ that the motivation to invest could be dampened. However, with
0o T o~ «nte  43% Of global reserves expected to circulate by 2043, and assuming the
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2025 2027 2029 2031 2033 2035 2037 2039 2041 o B market isn't saturated, prices and political tensions could rise.
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——Regulation of EU with 6 wt.% ——Regulation of EU with 12 wt.% g8 &3 &d Almost all European manufacturers of electric vehicles are planning to
_ _ use LFP, with a share of 25 % expected by 2030 and 40 % by 2040. Large
(3) Data from Fraunhofer ISl [3,4]. Depending on the (4) Risk assessment adopted ducti Id ‘de the initial b t for the first
case study, the quota can be fulfilled. The impact on from NOW GmbH [5]. The scrap !oro uction cc_)u provide € Initial boost Tor the _|rs
meeting the demand for Li from spent LFP will increase global end-of-life (EOL) recycling plants, with returns of spent LFP expected to rise
continuously. recycling rate is <1 %. The sharply after 2040. The situation is even more critical for graphite:
recycling infrastructure is even there are no recycling quotas and demand far exceeds the current
worse than for lithium. : . .
production. The risk assessment (4) emphasis the fact.
In our opinion, innovative players will emerge on the European market in
1 3 ~ the coming years. The key question is who will lead the way and whether
AN w00 - ® it will be European technologies. The profitability of recycling is an
E i S e > @ essential basis for promoting the circular economy in the market
h - a0 i } | econo-my. At the Fraunhofer ICT, we are developing new economic
= 250 . . .
@ % ;20 approaches for the recycling of all elements, especially strategic
Q 15 . _ . . .
2 7 100 4 S —— elements. An example of this is the efficient separation of graphite in
0 - £ combination with the recovery of lithium (5), the simplification of the
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lithium solution and the optimisation of subsequent extraction
T e techniques such as membrane separation or electrophoresis (6). This also
applies to wastewater (process water) from battery scrap treatment (7).

o _ _ Disposal / Incineratio
(5) above: Patented, promising and economical process for up-scaling: o /-
1. Extraction of black mass with oxalic acid solution Bleecrgogenee% End of life phase
2. Induced reaction to form iron precipitation on graphite particles — —HiF L
_ o , [FeOx.]-/ PO, / F Use phase
Solved Iron is reduced, lithium is set off L Direct Scrap |
3. Magnetic separation of the ferromagnetic graphite particles @— Iy |_.+ Sa D Battery &gduction
I\l/lerﬁﬁfﬁe- -------- Potential end products: Material Production
E
ectrode * thhlum Oxalate as Process Water /RESOUI'CE productlon
additives in LIBs .
(6) right: Connection to stack setup of lithium . Lithium carbonate ,
extraction done by electrophoresis [6] -

Primary Extraction

(7) Circular Economy Concepts adapted from [7]
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