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Abstract

Accurec is a medium-sized, dedicated battery recycling company, which was established
in 1996. Innovative recycling processes for nickel-cadmium, nickel-metal hydride,
lithium-ion batteries and other specific primary portable batteries have already been
installed at industrial scale. Some of these processes are developed in cooperation with
the Institute of Process Metallurgy and Metal Recycling at RWTH Aachen University and
reflect the status of Best Available Technology (BAT). This systematic research and
implementation of the processes were honored by the award of Efficient Raw Material
from German Raw Material Agency (DERA) in 2012, as well as the European ECOPOLprize in 2013.
This investigation aims to identify future secondary metal potential from Li-Ion End of
Life (EOL) batteries. It considers multiple data sources, influencing factors, interviews
and conservative estimations to model this future raw material feedstock until year
2020. First of all, the past and future European market volume of lithium-ion batteries is
discussed by country, application and chemistry. Further to this, the factor of lifetime
and hoarding effect is investigated, so that the prognosis of EOL batteries is made
available. Besides, other factors staying behind, which reduce the mass of collected
batteries are considered and determined as well. The weight of potential collected
batteries, which can enter the recycling, and their future metal content, are calculated by
the data sources.
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Introduction

The rechargeable lithium battery market has already been growing rapidly in the field of
portable electronics (cellular phones, laptops, tablets etc.) for a decade. This
development has been accelerated through the electrification of transportation, for
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example, E-Bikes and scooters. Besides, the worldwide increase in demand of hybrid
and full-electric vehicles, combining with the continuous decrease of battery
manufacturing cost, leads to a more and more widespread usage of electric vehicles. A
rapid growth in this field can also be expected in next decades.
In general the legislation of battery recycling got a break trough with the EU Directive
2006/66/EC, a pioneering new regulation, adopting the requirement of marking,
registration, collection and recycling of batteries. The collection rate was defined
gradually for the first time (25% in 2014 and 45% in 2016), and a recovery requirement
for these collected EOL batteries was issued at min. 75% for NiCd, 65% for Pb and 50%
for other batteries. This recovery obligation was further specified as recycling efficiency
(RE) in a separate directive 493/2012/EU. It prescribes how to calculate and proof the
RE.
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Research on EU Li-Ion battery market: methodology and data sources

To estimate the future European recycling potential from lithium-ion batteries, the
material flow analysis is performed according to Figure 3.1, where the historic and
predicted Put On Market (POM) data by applications are analyzed first. After
acknowledging the market share of different countries in EU, POM data by country will
be calculated. Similarly, POM data in the category of different cathode materials will also
be conducted by the percentage of different chemistries for different applications. Thus,
three categories of application, country and chemistry will run through following steps
in the whole investigation. Secondly, the analysis and quantification when a battery will
reach its EOL will be conducted, while the technical and emotional reasons won’t be
illuminated in detail. In the third step, the efficiency of collection of discarded lithiumion batteries by country for different applications is discussed. So the systematic
investigation describes a forecast of potential collected discarded lithium-ion batteries
until 2020. In the end, the amount of potential recoverable metals is calculated with
metal contents of different cathode materials.
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Figure 3.1 Li-ion batter flow analysis: methodology

3.1

Data sources and categories

To determine the weight of POM of lithium-ion batteries, different applications are
analyzed and informations from manufacturers and suppliers are used as data sources.
In essence, these are represented by subject-specific sources: Avicenne/F [1],
Statista/DE [2], Umicore/BE [3], R. Berger/DE [4] and national/international
associations ZIV/DE [5], ILZSG [6], ACEA/BE [7], Recharge/BE [8], and EBRA/BE [9].
There have been also interviews with battery manufacturers and Original Equipment
Manufacturer (OEM), publications in newspapers and magazines, and conference
attachments. Depending on interests, data sources are in units of number, turnover,
energy content, etc., while the weight of battery production/sales is never mentioned,
but the relevant analysis of the secondary raw materials is in tonnage.
In order to use and compare sources, data in different units have to be converted. The
sources, which are adopted mostly in this investigation, are the sale of appliances. To
convert sale into the weight of batteries, average weights of batteries for each
application are estimated, which are listed in Table 3.1. Besides, the worldwide sale data
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for cellular phones, portable PC and automobiles are also available. Thus the EU market
share needs to be considered for the calculation of EU sales. The EU market share of
cellular phone turns to be about 17% from 2007 to 2009. Then it decreases to 14.14% in
the year of 2013. Same share is used for the prognosis in the future. The EU market
share of portable PC shows similar slight decrease through year, which was 29% in
2007 and is forecasted to be 16% in 2020. For the application of E-bikes, not all e-bikes
are equipped with lithium-ion batteries before 2014. The growing penetration of 50% in
2007 and 80% in 2013 is assumed for lithium-ion batteries [6].
Table 3.1 Average cell weights of batteries for different applications
Cellular Phone
Portable PC
Tablets
Powertool
E-Bike
0Automobile

22g (2007) - 26g (2010)
390g (2007) - 300g (2010)
188g
500g
3000g
150kg (EV)
40kg (PHEV)

Deviation is possible because of the accuracy of sources and the conversion of units of
the data. When deviation is low, an average number is calculated und used. When
deviation is high, the plausibility of the data sources has been investigated further in
order to exclude unverified, doubtful sources. All data sources and analytical determined
data are considered and evaluated conservatively to avoid an unrealistic high
expectation of the material flow.
To calculate the final potential recyclable value of respective metals of the discarded
lithium-ion batteries, its categories of application, country and chemistry are
considered. Not only the different power performance of the chemistry, but also the
usage corresponding to applications can lead to very different lifetime and return path.
It is obvious that, for example, the batteries of mobile phones are in the charging cycle
almost every day in the first three years, whose lifetime is considerably different from
batteries of non-professional power tools that are used only occasionally or batteries of
electric vehicles that are constantly recuperated in micro cycles with a high current.
Besides the collection and return path of the batteries, the volume depends considerably
on the category of applications, consumer behaviors and different national implemented
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legislations. Commonly, the division of applications is subdivided into following main
groups:
•

Cellular phones

•

Portable PCs

•

Tablets

•

Power Tools

•

E-bikes

•

Automobile

•

Others

Different cathode materials are decided by performance of electrochemistry to realize
application-oriented properties. The decision of the properties in a customer-sized
battery cell is made up of necessary:
•

Power density

•

Capacity

•

Cycles stability / life time

•

High current capability

•

Storage conditions / temperature stability

•

Safety aspects

•

Cost

In essence, the electrode systems in this investigation are distinguished as: lithium
cobalt oxide (LCO), lithium nickel manganese cobalt oxide (NMC), lithium iron
phosphate (LFP), lithium manganese oxide (LMO) and lithium nickel cobalt aluminum
oxide (NCA).
The good capacity and overcharge stability, as well as a high voltage make pure cobaltbased cells (LCO) to be the initial preferred battery system for consumer applications.
But the increasing raw material cost and sensitivity on temperature stability made the
marketing share of LCO decline, substituting cobalt by manganese and nickel. This socalled NCM system becomes an alternative, which is technically mature and economical.
Today it is the dominating mass production chemistry, also because it allows varying the
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mixing ratio of these three metals in order to provide a wide range of customer-oriented
technical features [1, 4, 10-12].
The pure manganese cells (LMO) impresses with high voltage and power, but still
suffers from several technical performances like capacity fade or weak cycle stability.
Because of this, it is still a preferred choice for applications with high circuit demand like
power tools. In contrast to this, lithium iron phosphate cells (LFP) have less favorable
performances, such as low cell voltage (3.3V), while showing a moderate limiting
behavior, particularly in the case of a good thermal stability [13]. Therefore, these
materials are commonly used for laminate / pouch cells that are sensitive to mechanical
impact. Applications of transportation, such as E-bikes and automotive batteries, the
usage of LMO and LFP is increasing as well. Also batteries with a cathode material of
nickel, cobalt and aluminum mixture (NCA) show a high power reputation, and improve
currently their performance in terms of safety – having a no relevant market share
today, but potential perspective in future [1, 4, 10, 14].

3.2

Socio-technical factors influencing End of Life scenarios

To determine an EOL scenario for lithium-ion batteries, two important periods are
needed to identify. One is the technical lifetime, i.e. the period of time when lithium-ion
batteries are technically used, while the other one is the additional storage time
between the end of usage and actual discard by end users, which is referred as hoarding
time.
The technical usage limit of a battery pack embedding a BMS (battery management
system) is determined by the threshold value of about 25-40% loss of the capacity. In
that case a safety-related forced shutdown is commonly caused. Depending on the type
of applications and individual habits, the point can be reached around 800-1500 charge
cycles. For example, the batteries would be replaced for BEV vehicles at 25% loss of the
capacity, which can be around the warranty period or 8 -10 years of a normal lifetime
[12, 15, 16].
For rarely or seasonal used applications, such as E-bikes, there is also an early possible
loss of capacity, and therefore premature reason to discard, with the poor storage of
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lithium-ion batteries. The lifetime is especially depending on the correct trickle charging
and storage temperature. Study shows that the duration of the lifetime of lithium-ion
batteries is about 8 years, when they are stored under an ideal storage condition. The
requirements of an ideal storage condition are usually not fulfilled, so that a shorter
lifetime of lithium-ion batteries, which is around 3-5 years for certain applications, is
possible [17].
The defective batteries (production or manufacturing defects and scraps) are not
included in the scenario. But the lifetime of appliances and lifetime of batteries should
be taken into consideration. Lithium-ion batteries in consumer applications can also be
disposed because of the change of modern technologies against out-of-date technologies,
even before batteries reach a technical EOL. (For example, buy-in actions, new phones
with contract extension, etc.) In contrast, for applications of transportation, the lifetime
of appliances is longer than batteries, for instance, e-bikes and automobiles.
The hoarding effect also depends on applications. In general the period of hoarding
time is expected to be longer for consumer applications than commercial or industrial
applications. For example, specialist workshops will manage the disposal for consumed
batteries, such as batteries for automobiles or professional power tools, intensively and
timely. In contrast to that, the hoarding in a family household is indeed common, but its
reason could be of different motivations. It is difficult to identify whether hoarding
occurs because of second life usage (e.g. mobile phones for kids), lassitude of consumer
for dedicated disposal or keeping batteries or applications as a kind of reserve. Hoarding
is not yet intensively investigated, so that only a few statistical data have been
integrated. Lifetime including hoarding period has therefore been set by investigation of
battery age by applications (internally and external studies).
Both of the time periods (technical lifetime and hoarding period) depend strongly on the
category of application, so they are analyzed separately. Most of the factors discussed
above are given by literatures in a wide range, so that an average lifetime of lithium-ion
batteries can't be determined unambiguously. In fact the end of use of consumed
batteries distributes with different rates (according to applications) in the following
years after sale.
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After the analysis above and getting accordance with literatures [14, 18, 19], Table 3.2
figures out the discard distribution of lithium-ion batteries for main categories of
application. It shows the evolution of percentage of disposal in the following years after
the sale. The fact of “disposal” does not necessarily mean that applications/batteries are
feed to dedicated collection points – it does just indicate that the owner gets rid of it –
wherever it is ending up in a waste stream (e.g. Waste Electrical and Electronic
Equipment-scrap (WEEE) collection, battery collection, conventional waste bin with
further incineration etc.).

Table 3.2 Discard distributions of lithium-ion batteries by application
Years
1
2
3
4
5
6
7
8
9
10
11
12
13

Cellular Phone
1%
3%
4%
5%
10%
14%
15%
14%
11%
9%
6%
5%
4%

Portable PC
1%
4%
7%
9%
11%
11%
9%
8%
7%
6%
5%

Tablet
2%
3%
5%
7%
12%
16%
20%
20%
12%
2%
-

Power Tool
1%
2%
3%
7%
15%
16%
14%
12%
9%
7%
5%
4%
3%

E-Bike
1%
1%
2%
3%
5%
8%
15%
17%
13%
10%
8%
7%
6%

Auto
1%
2%
2%
4%
7%
10%
11%
10%
8%

Others
13%
22%
28%
24%
13%
-

For cellular phones, the discard distribution shows a long tail since there is a strong
second-hand or -use market at around 7 years after its purchase. Portable PCs for
professional usage will probably be discarded closely after usage, while end users of
private laptops prefer to keep them up to 10 years further because of the personal data
storage or second use, which finally postpones the date of disposal. Besides, electric
automobiles have a longer lifetime than other applications because of the advanced
BMS. Thus the cumulative discard distributions don’t reach 100% within the time
ranges this research has covered.
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3.3

Return and collection of consumed batteries

So far, only influencing factors, which determine the time period until EOL-Lithium-Ion
batteries are “Ready for Collection” have been analyzed. Whether these batteries are
finally recycled or not, still depends on additional factors:
-

European legislation (in particular EU Directive 66/2006/EC)

-

Profoundness of national implementation of this legislation - which could vary
from minimum requirements of EU-legislation and depends on following details:
o Monopolistic or competitive approach of CRO (collection and recycling
organization on behalf of producers responsibility)
o Monetary budget available for CRO´s
o Intensity of PR (public relation) and advertisement to motivate for
dedicated collection
o Consideration of WEEE-schemes as source of rechargeable batteries
(appliances with embedded batteries)
o Know how and sorting quality of service companies

According to the EU legislation, member states must achieve a collection rate for
portable batteries of at least 25% in 2012 and 45% in 2016. This rate is based on the
average POM value in current and two preceding years. However, the current real and
expected return rates are regionally, significantly different. According an EPBA study,
only 3 countries were not able to fulfill the first threshold in 2012 [9]. Own
investigations have even shown lower collection rates. It is expected that the number of
countries, which won’t succeed threshold II (45%) in 2016 will be significantly higher.
The fact that new member states stay far behind the requirement is due to the early
stage of collection learning curve; this matter is informally tolerated. Other, well
developed countries like Spain and Italy need to improve their overall efforts in terms of
PR, number of collection points and etc. to catch up their figures.
Besides, paths of collection can also be different: it depends on battery applications and
is influencing dramatically the success of CRO´s. Standard collection paths are done
trough municipality and retail shop collection. But a significant amount of EOL batteries
are still disposed off along with conventional household garbage. Further more,
batteries embedded in WEEE appliances are disassembled manually at minority.
Consequently, the market share of secondary batteries, which is dissipative lost in the
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stream of electronic waste, is growing fast. Summarizing, it can be stated that a
collection is going to be successful if:
-

The collection is organized closely to consumer environment (quick and easy).

-

A high return rate of WEEE combined with consequent extraction of batteries
enables a high number of returned rechargeable batteries.

Considering all boundary conditions mentioned above, the weight of EOL lithium-ion
batteries, which will be collected for recycling in the future within EU can be prognosed.
The amount of comprised recyclable metals can be determined afterwards by the weight
of collected lithium-ion batteries differentiated by application and chemistry of cathode
materials.

4
4.1

Research on Market Evolution and Collection: Results
Historical and future POM data of lithium-ion batteries

Figure 4.1 shows the tonnage of lithium-ion batteries sales in the category of application.
A significant and stable growth of 3000-5000 tons per year in sales can be observed
from 2007 to 2014. Year 2008 and 2009 is marked by a relative short period of global
economy crisis. Starting from 2010, the increase is dominated by new Li-Ion related
products, specifically electric automobiles and tablets. After 2015 the increase is
foreseen to be gentle, but an increase of 2000-3000 tons per year can be still kept.
The cumulative market of portable electronics (category 1-4) is relatively stable, and the
increase is mainly driven by the spread of electric vehicles. Even the portable market
shows a stable increase, as the market share of applications change through years. The
widespread of tablets can restrain and even cut down the development of the market of
portable PCs. In contrast, the amount of lithium-ion batteries for cellular phones on the
figure reflects the saturation of EU market, since there is only replacement business for
mobile phones. The steady increase of power tools from 2010 is mainly due to the
legislative-driven replacement of the existing NiCd-battery system [20]. It shows a
relatively stable market afterwards. The technology of lithium-ion batteries also points
to the fast-developing electric bikes. Since the lifetime of batteries is far shorter than
bikes, the replacement of batteries for the section of E-bikes explains the high sale of
batteries for this appliance [5, 6, 21].
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In the field of electric automobile, the market penetration of hybrid vehicles (HEV) and
plug-in hybrid vehicles (PHEV) indicates an additional increase of lithium-ion batteries.
However, the rising price of petrol leads to a further demand of increasing technical
efficiency in order to compensate the different kinds of rising operating costs [1, 14].
The pure electric vehicles (BEV), which are driven exclusively by the technology of
lithium-ion batteries, are still in the launch phase. It is most likely to get a minor, or
niche market for short distance transportation and implementation of new mobility
concepts (car-sharing, etc.) [20, 22]. The comparison of the forecast and demand of
lithium-ion batteries from different studies is widely distributed in the field of electric
vehicles [1, 14, 23-25]. This is mainly due to different growth expectations of these
studies, and the accuracy of consideration also results very different weights of battery
packs in HEV, PHEV and BEV. In addition, future battery cell technology might develop
e.g. pouch cells, with performance-enhancing electrolytes, better active materials,
leading to a moderated growth expectation [1, 4].

Figure 4.1 POM of lithium-ion batteries in EU28 by application (2007-2020)
In figure 4.2 the POM tonnage of lithium-ion batteries is represented in category of
chemistry according to the most important cathode materials. LCO has grown and
dominated the market until 2014 and foreseen to stay steady the next 5 years.
Additional increase of Li-Ion market is generated by the cathode material NCM, possibly
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performing a comparable strong market share of 45% in 2020 with LCO. The LFP
system also shows a significant growth, which is essentially a result of good thermal
stability, high current capability and low internal resistance [13]. The main forecasted
area of LFP application focuses on the transportation section, which includes both Ebikes and electric vehicles.

Figure 4.2 POM of lithium-ion batteries in EU28 by chemistry (2007-2020)

4.2

Historical and future EOL data of lithium-ion batteries

Considering the socio-economic factors in section 3.2, the lifetime – which is the time
when the batteries are used functionally - can be determined. In addition with the
empirical hoarding effect – which is the period of time when batteries are still kept but
without any intended functional usage - the EOL scenario can be conducted.
Figure 4.3 finally shows the resulting mass of EOL Li-Ion batteries from 2010 to 2020,
differentiated by cathode materials. The LCO system is still dominating the discarded
tonnage, while a similar growth is contributed by NCM-applications as well. A maturity
of LCO chemistries in the waste stream is recognizable and a decline beyond 2020 can
be expected. The enormous growth of NCM-batteries these days is evolving its impact on
battery scrap market after 2020. Nevertheless, a mass of 15.000 tons already reaches
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their end of life in 2015, to be doubled within following 3 years. In 2020, 39000 tons of
consumed lithium-ion batteries will be ready for collection in EU.

Figure 4.3 EOL of lithium-ion batteries in EU28 by chemistry (2010-2020)

4.3

Historical and future data of collected lithium-ion batteries for recycling

EU countries like Belgium, Germany, France and Netherlands, have a well-organized
reverse logistic system, dedicated to discarded batteries for more than ten years. Some
other economically important countries, such as UK, or even new member states began
the implementation of the EU directive late and started collection from about 2010.
Accordingly, different countries are at different stages of the collection learning curve
and still need to invest in consumer education concerning hazardous waste awareness
and waste behavior. Most end users in EU countries still discard consumed batteries
with household garbage. Namely Belgium and Netherlands have been successful to
improve their collection efforts to approximately 40-50% of EOL portable batteries that
could have been returned in 2013 - while this number is less than 15% in other
countries, like UK, Romania and Cyprus [9]. The collection rate of lithium-ion batteries is
even much lower, which is only around 5% in the last ten year [8].
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With considerations of all previous data and assumptions, the calculation model has
been compiled and additionally crosschecked with reliable industrial sources from
CRO´s (Collection and Recycling Organization) respective concerned association like
EBRA [26] and Recharge [8]. Hereafter, all 28 different countries related collection rates
for EOL Li-Ion batteries, and the differentiation of application and chemistry is leading
to a consolidated number of collected batteries for recycling in Europe.

Figure 4.4 Collected lithium-ion batteries for recycling in EU28 (2010-2020)
Li-Ion battery scrap has arisen at the beginning of this decade with a moderate growth
up to 2000 tons in 2014. As it can be seen in Figure 4.4, beyond 2015 the annual
acceleration of collected lithium-ion batteries is expected to keep with 1000 tons. The
delayed development indicates clearly the effective lifetime and hoarding effect of
lithium-ion batteries. Until 2020, there seems to be no saturation or slow down of
collection, which is due to a legislative mandatory improvement of CRO´s result,
combined with its initial fast growth of batteries sales before 2010.
Further forecast (>2020) is linked with critical uncertainties – and needs to consider the
improvement of consumer education and an economic-technical limitation of the
collection rate. A collection rate of 45 to 55% is agreed to be a success for a compliance
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scheme so that a further growth of Li-Ion tonnage is just reflecting its portable battery
market share.
Referring to the details of Figure 4.4, the total mass of collected lithium-ion batteries
with the cathode material LCO keeps increasing, but its share starts to decline after
staying at peak of 50% from 2014. It is worth to mention that the share of NCM system
shows an adverse trend. Beyond 2019, NCM will dominate the collected lithium-ion
batteries chemistry, since it is equipped more with power tools, e-bikes and
automobiles, whose return rates are higher than portable communication electronics
(e.g. cellular phones, laptops, tablets).

Figure 4.5 Comparison of EOL versus collected lithium-ion batteries in EU28
Concerning the collection efficiency of lithium-ion batteries, the return path of batteries
has a strong influence, beside the general factor of legislative mandatory collection
targets. Well known from our daily live, more and more products are equipped with
embedded rechargeable batteries (iPhone, tablets, etc.). Neither professionals, nor end
users will disassemble the batteries after the termination of the usage or before
discarding it. Then, batteries become a part of WEEE, where the battery is an extreme
minor and in general tolerated impurity. Today, WEEE processing is not specified to
treat a Li-Ion battery according its potential fire risk, and in most cases not equipped to
15

extract batteries manually or semi-automated. This is going to be the most important,
dissipative leakage drain of industrial and strategic metals from batteries.
This discrepancy of sustainability is a product driven trend and explains the impressive
comparison between EOL (ready for collection) and effectively collected lithium-ion
batteries in EU from 2010 to 2020, illustrated additionally with Figure 4.5.

4.4

Potential scondary metals from collected and recycled lithium-ion batteries

Depending on the Li-Ion battery chemistry, a different average composition has been
reported and figured out in Table 4.1. Historically, most consumer applications have
been constructed with steel battery housing, but an increasing share of applications is
made today by aluminum cases (e.g. mobile, automotive) and pouch cell constructions
(PC, tablet, others). In addition, aluminum and copper are always added as electrode
foils. Besides, metals in different oxidation stage from cathode active mass contribute
phosphorus, cobalt, nickel and manganese between 8% and 19%. High-grade graphite is
given up to 16%, whereas Lithium, which grants the name to this battery type, is only
less than 2%.
Table 4.1 Metal content of consumer applications with LCO, NMC and LMO

Cell housing
Anode

Cathode

Separator
Electrolyte
Sum

Steel
Al
Plastics
C
Cu
Mn
Li
Co
Ni
Al
Fe
P
Ti
O
Others
Plastics
Solvent

LCO

NMC

LMO

19%
0%
1%
16%
8%
0%
2%
19%
0%
4%
0%
0%
0%
10%
5%
3%
14%
100%

18%
0%
1%
16%
7%
6%
2%
6%
4%
3%
0%
0%
0%
9%
11%
3%
12%
100%

19%
0%
1%
16%
8%
8%
2%
0%
0%
4%
0%
0%
0%
13%
13%
3%
14%
100%
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Figure 4.6 Potential recycled metals from lithium-ion batteries in EU 28 (2010-2020)
The tonnages of metals, which are theoretically recoverable, are visualized in Figure 4.6.
As shown, there is an exponential growth through the years, in parallel of figure 4.4. In
2014, the recycled metals have been only about 1.000 tons, but it is estimated to grow
up to 4000 tons of metals until 2020. Because of the initial increase of LCO based
lithium-ion batteries put on market, cobalt keeps growing from only 16 tons in 2010 to
760 tons in 2020, but shows a maturity with an expected decline beyond 2020.

5
5.1

Discussions
Sensitivity analysis

Two main converting factors have been investigated: the period of time for reaching
EOL (i.e. technical lifetime and period of hoarding), and the collection rate of discarded
lithium-ion batteries, in order to calculate future potential tonnage from recycled
batteries. The influence and evaluation of these two factors need to be discussed.
Table 5.1 shows the collected tonnage of discarded lithium-ion batteries by four
scenarios:
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-

ESC (Expected Scenario): the most conservative scenario with premises, which is
described in chapter 4 and visualized by Figure 4.4.

-

SLT3: Shortening Life Time of all applications for about 3 years, without changing
other premises.

-

PLT3: Prolonging Life Time of all applications for about 3 years, without changing
other premises.

-

ICR: Increasing Collection Rate to 60% of accessible batteries – ready for
collection by Figure 4.3

Table 5.1 Sensitivity analysis: variation of collected lithium-ion battery mass (tons)
ESC
SLT3
PLT3
ICR

2015

2016

2017

2018

2019

2020

2.970

3.934

4.926

5.978

7.072

8.274

4.950

6.024

7.165

8.432

9.690

10.984

674

1.234

1.999

2.874

3.801

4.764

9.516

12.233

15.128

17.922

20.715

23.520

As can be seen in Table 5.1, shortening the lifetime for 3 years increase 30-60% of the
mass of expected collected batteries, but the tonnage stays at same magnitude. In
contrast to this, the prolongation of lifetime for 3 years against ESC cuts the collected
mass of batteries by 40-70%. Anyway, the waste stream tonnage stays again at same
scale.
Comparing the previous changes with scenario ICR, a significant increase of even more
than 15.000 tons lifts the number of collected lithium-ion batteries to a different scale. A
slight increase of about 30% collection rate has an enormous impact on materials
entering the recycling path.
The slight effect of lifetime deviation encounters the common industrial position, that
low return rates of rechargeable batteries can be explained by the particular behavior of
consumers, hoarding batteries in household. In fact the outstanding influence of
collection rate emphasizes that a well-organized collection scheme, implementing an
adequate number of collection points close to consumers’ vicinity, combining with a
sound consumer education is the dominant factor to ensure a sustainable circular
economy.
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5.2

Plausibility of results and outlook

In the future, lithium-ion batteries will be the dominating system for rechargeable
applications of consumer products and electric vehicles. An extensive comparison of
available research data generates a conservative forecast for the lithium-ion battery
market by applications and electrode chemistries within EU countries. The success of
sales for lithium-ion batteries in EU is foreseen to stay dynamic, rising from 40.000 tons
in 2011 to nearly 70.000 tons to 2020. A model, which determines the EOL and
collection data set of lithium-ion batteries, is built by taking into considerations of both
technical and practical factors. This expected collected waste stream of consumed
batteries indicates also, but time-displaced, a dynamic growth from 100 tons in 2010 to
a tonnage of 8.200 in 2020. The potential recyclable content of cobalt keeps growing
with a declining accrual rate, expected to become mature at the beginning of next
decade due to the fact that LCO-Li-Ion chemistry is mostly replaced by low or non-cobalt
bearing batteries.
However, the number of collected and recycled Li-Ion batteries stays far behind what
could be reintegrated into economy. This is caused by traceable second use or hoarding
effects of consumers, but finally predominant depending on the sound implementation
of consumer-friendly national CROs. Their joint efforts are driving the success of EOLproduct assessment, and thus an efficient control of contained industrial and strategic
metals. Countries which have started late with the implementation of Directive
66/2006/EU need a disciplined approach to catch up the target of 45% in 2016 – which
is a challenging but feasible target and already considers the fact that a certain mass
stream is not accessible for collection. These losses can be explained e.g. by third use
outside EU, illegal export of waste, but mainly with the strong link between Li-Ion
batteries and electric or electronic devices. The requirement of prospective production
design, which is strongly related to fashion, makes it more and more difficult to
disassemble the batteries from consumer applications. This results in the material flow
of batteries to the technical processing plants in the industry of WEEE, and shows up
consequently a dissipative loss of battery materials. Even battery packs or cells, which
could be removed technically easily, are identified at minor – which leads to the
necessity to investigate this sustainability leakage in WEEE more in detail and ensuring
technic-organizational improvements.
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