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Glossary

Term or acronym

Meaning or definition

‘alkaline batteries’

Batteries that contain Zinc, Zinc oxide, Manganese
dioxide and potassium hydroxide, as the main
components.

‘automotive battery’

Any battery used for automotive starter lighting or
ignition power.

‘batteries the

market’

placed on

Batteries made available, whether in return for
payment or free of charge, to a third party within
the European Union market.

‘battery’ or ‘accumulator’

Any source of electrical energy generated by direct
conversion of chemical energy. They may be non-

rechargeable (primary) or rechargeable
(secondary).
The terms ‘batteries’ and ‘accumulators’ are

considered synonyms and used indiscriminately in
this report.

‘battery  collection  point/

battery return point’

A designated collection place where consumers
can bring their waste batteries for recycling.
Return points usually include a container or box
where consumers can drop their spent batteries.
The Batteries Directive requires that return points
for portable batteries be free of charge.

‘battery pack’ Any set of batteries or accumulators that are
connected together and/or encapsulated within an
outer casing so as to form a complete unit that the
end user is not intended to split up or open.

‘button cell’ Any small round portable battery or accumulator

whose diameter is greater than its height and which
is used for special purposes such as hearing aids,
watches, small portable equipment and back-up
power.

‘collection rate’

For a given Member State in a given calendar
year, it is defined as the percentage obtained by
dividing the weight of waste portable batteries and
accumulators collected in that year by the average
weight of portable batteries and accumulators
placed on the market during that year and the
preceding 2 years.

‘end-of-life’ batteries

Batteries that are unable to deliver electricity any
longer or that are unable to be recharged.
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‘durability’

The ability of a product to perform its function at the
anticipated performance level over a given period
(number of cycles-uses-hours in use), under the
expected conditions of use and under foreseeable
actions.

‘industrial battery’

Battery (primary or secondary) designed for
exclusively industrial or professional use or used in
any type of electric vehicle.

‘Joint Research Centre’

The European Commission's science and
knowledge service.

‘lead-acid batteries’

Any battery where the generation of electricity is
due to chemicals reaction involving lead, lead ions,
lead salts or other lead compounds, having an acid
solution as electrolyte.

‘lithium batteries’

Any battery where the generation of electricity is
due to chemical reactions involving lithium, lithium
ions or lithium compounds.

‘material recovery’

Any operation the principal result of which is waste
serving a useful purpose by replacing other
materials that would otherwise have been used to
fulfil a particular function, or waste being prepared
to fulfil that function, in the plant or in the wider
economy.

‘portable battery’

Any battery, button cell, battery pack or
accumulator that:

(a) is sealed; and
(b) can be hand-carried; and

(c) is neither an industrial battery or accumulator
nor an automotive battery or accumulator.

‘recyclates’ Raw material sent to, and processed in, a waste
recycling plant or materials recovery facility.
‘recycling’ Any operation, which reprocesses waste materials

into useful products, materials or substances.

‘recycling efficiency’

A measurement of the volume of material
recovered in a recycling process. The Batteries
Directive sets minimum material return levels (in %
weight) resulting from the recycling of lead and
nickel-cadmium batteries. The rules for calculating
recycling efficiencies of processes are set by
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Commission Regulation (EU) No 493/2012 of
11 June 2012.

‘second life’

Status of batteries that are used in a context
different to the one for which they were designed
and placed on the market.

‘state of health’

Reflects the battery performance. It is measured in
% and it is related to three main indicators:

Capacity - the ability to store energy;

Internal resistance - the capability to deliver
current; and

Self-discharge - reflecting the mechanical integrity
and stress-related conditions.

‘treatment’

Any activity carried out on waste batteries after
they have been handed over to a facility for sorting,
preparation for recycling or preparation for
disposal.

'waste batteries available for
collection'

In broad terms, calculated weight of generated
waste batteries, taking into account the differing life
cycles of products in the Member States, of non-
saturated markets and of batteries with a long life
cycle.
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List of acronyms

Term or Meaning or definition
acronym

3C industry Computer, communications and consumer electronics

Ah Ampere-hour, a unit of electric charge, used in measure of
battery capacity

BAU Business as usual

BEV Battery Electric Vehicle

BMS Battery Management System

CAGR Compound Annual Growth Rate

EPR Extended Producer Responsibility

ESS Energy-Storage Solution

EV Electric Vehicle

FTE Full Time Equivalent

GHG Greenhouse gas

GPP Green Public Procurement

GWh Giga watt hour, a unit of energy representing one billion watt
hours

IEC International Electro technical Committee

ISO International Organisation for Standardisation

LCA Life Cycle Analysis

LIBs Lithium-ion batteries

LME London Metal Exchange

NACE Statistical classification of economic activities in the European
Community

OEM Original Equipment Manufacturer

PEFCR Product Environmental Footprint Category Rules

PHEV Plug-in hybrid electric vehicle
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POM

Placed on the Market

SME Small and medium enterprise
SoH State of Health
WEEE Waste Electric and Electronic Equipment

1. INTRODUCTION AND POLICY CONTEXT

Batteries development and production is a strategic imperative for Europe in the context
of the clean energy transition and is a key component of the competitiveness of its
automotive sector. In the EU, transport causes roughly a quarter of greenhouse gas (GHG)
emissions and is the main cause of air pollution in cities.

A broader uptake of electric vehicles will help reduce GHG and noxious emissions from
road transport. In the EU, a strong increase in the electrification of passenger cars, vans,
buses and, to a lesser extent, trucks is expected to take place between 2020 and 2030, mainly
driven by EU legislation setting CO; emission standards for carmakers. The electrification of
some housing services, like energy storage or heating, will follow and will contribute to
further reducing GHG emissions.

According to estimates by the World Economic Forum, to accelerate the transition to a low-
carbon economy, there is a need to scale up global battery production by a factor of 19
for every step of the value chain (see Figure 1).

The mining industry
needs to extract a
volume equivalent to
=300 Great
Pyramids of Giza per
year in 2030

A weight equivalent
to >110K Boeing
787s (Dreamliners) is
refined per year in
2030

Active materials
produced in 2030
are enough to
produce >800B
battery cells (AA
type)

2 AN A 7m0 7 )
l ﬁ ‘f_—.f_\r\:_‘; t IR %) l—‘ /‘.—' 2O -
N B N N Yo7l
Raw material Raw material Cell
mining refining Active materials production Recycling
5-40x 14x 15% 19x 15x

~120 additional Giga
Factories (today's
largest) must be
operational in 2030

An equivalent of
>10B mobile phone
batteries are
expected to reach
end-of-life in 2030

Figure 1: Factor increase needed worldwide in every segment of the batteries value chain

In the EU, from 2025 onwards, there is an opportunity to capture the market for batteries
valued at up to €250 billion a year. They would be produced in at least 10 to 20
Gigafactories (battery cell mass production facilities) and help meet EU demand.”

The aim of this initiative is to update the EU's legislative framework for batteries. It is an
integral part of the Green Deal, the EU's new growth strategy that aims to transform the EU
into a modern, resource-efficient and competitive economy where there are no net emissions

World Economic Forum and Global Batteries Alliance, A vision for a sustainable battery value chain
in 2030: Unlocking the potential to power sustainable development and climate change mitigation,
2019.

: Figures from COM(2018) 293.
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of greenhouse gases by 2050, where economic growth is decoupled from resource use, and
where no person and no place is left behind.

1.1. Policy context

This initiative builds on several reports adopted by the European Commission and
commitments made.

In May 2018, the Commission adopted the strategic action plan on batteries as part of the
third ‘Europe on the Move’ mobility package.’ The action plan sets out measures to support
efforts to build a battery value chain in Europe, from raw material extraction, sourcing and
processing, battery materials, cell production, battery systems, reuse to recycling.

The Commission subsequently published in April 2019 a report on the implementation and
on the impact on the environment and the functioning of the internal market of the Batteries
Directive (2006/66/EC). It also published a report evaluating the Batteries Directive.*

In the European Green Deal’, the Commission announced that it would “continue to
implement the strategic action plan on batteries and support the European Battery Alliance. It
will propose legislation in 2020 to ensure a safe, circular and sustainable battery value chain
for all batteries, including to supply the growing market of electric vehicles.” It also calls for
the decarbonisation of transport and industrial sectors, stating that “the Commission would
consider legal requirements to boost the market of secondary raw materials with mandatory
recycled content and continue to support research and innovation on batteries”.

The new circular economy action plan, "For a cleaner and more competitive Europe"6

adopted in March 2020, requires the proposal for a new regulatory framework for batteries to
include assessing the rules on recycled content, measures to improve the collection and
recycling rates of all batteries to ensure the materials recovery. It should also examine non-
rechargeable batteries with a view to progressively phasing out their use where alternatives
exist. Furthermore, sustainability and transparency requirements (taking into account e.g. the
carbon footprint of battery manufacturing, ethical sourcing of raw materials and security of
supply) should be set to provide guidance to consumers and facilitate reuse, repurposing and
recycling.

In its new industrial strategy for Europe’, the Commission highlights its intention to
uphold Europe's industrial leadership in areas where it has a global competitive advantage,
where it meets the highest social, labour and environmental standards and allows Europe to
project its values. It clearly includes the emerging EU manufacturing industry of advanced
batteries.

Furthermore, in the document ‘Europe's moment: Repair and Prepare for the Next
Generation’®, the Commission states that the new Strategic Investment Facility will invest in
technologies key for the clean energy transition, such as batteries, and that the work of the
European Battery Alliance will be fast-tracked.

In December 2019, the European Commission approved under EU State aid rules an
important project of common European interest for a pan-European research and
innovation project in all segments of the battery value chain supported by seven Member

Annex to COM(2018)293 final.
COM(2019)166 and SWD(2019)1300.
COM(2019)640 final.

COM(2020)98 final.

COM(2020)102 final.

COM(2020)456 final.
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States. In the coming years, Belgium, Finland, France, Germany, Italy, Poland and Sweden
will together provide up to approximately €3.2 billion in funding for this project, which is
expected to unlock an additional €5 billion in private investment.” A second important project
of common European interest on batteries is expected to be approved by the end of 2020.

In September 2020, the Commission presented an action plan on critical raw materials
including the 2020 list of critical raw materials'® and a foresight study on critical raw
materials for strategic technologies and sectors with an outlook to 2030 and 2050"". The list
of critical raw materials has been updated and now includes lithium in addition to cobalt and
natural graphite as it is essential for a shift to e-mobility.

Lastly, the Commission's sustainable and smart mobility strategy aims to achieve a 90%
reduction in transport-related greenhouse gas emissions by 2050.

In addition to the Commission’s work, both the Council and Parliament have called for
action on policies that support the transition to electro-mobility, carbon neutral energy
storage and a sustainable batteries value chain.

The Council conclusions on ‘more circularity — transition to a sustainable society’ from
4 October 2019 call for action on batteries on several fronts, including for the “transition to
electro-mobility to be accompanied by coherent policies supporting the development of
technologies that improve the sustainability and circularity of batteries ...”. Furthermore,
they call for an urgent revision of the Batteries Directive, noting that it should “include all
relevant batteries and materials and consider, in particular, specific requirements for lithium
and cobalt as well as a mechanism allowing adaptation of the Directive to future changes in
battery technologies”.'* The Council conclusions of 2 October 2020 stated that "the EU must
pursue an ambitious European industrial policy to make its industry more sustainable, more
green, more competitive globally and more resilient", and confirmed the importance of
"stepping up the assistance to the existing Important Projects of Common European Interest

on Batteries [...] so as to overcome market failures and enable breakthrough innovation". "

In July 2020, Parliament's Committee on Industry, Research and Energy adopted a
motion for a resolution on a comprehensive approach to energy storage. The motion includes
several points on batteries, such as:

- the concern that the EU has a very low lithium-ion battery manufacturing capacity
and relies on production sourced outside Europe,

- concern about the EU’s high dependence on imports of raw materials for battery
production, including from sources where their extraction involves environmental
degradation, breaches to labour standards and local conflicts over natural resources;

- acall for design for recycling;

- a call on the Commission to develop guidelines and/or standards for repurposing
batteries from electric vehicles, including testing and grading processes, as well as
safety guidelines; and

https://ec.europa.eu/commission/presscorner/detail/en/ip_19_6705.

10 COM/2020/474 final.

https://ec.europa.eu/docsroom/documents/42881 and https://eur-lex.europa.cu/legal-
content/EN/TXT/?uri=CELEX:52020DC0474
https://www.consilium.europa.cu/media/40928/st12791-en19.pdf
https://www.consilium.europa.cu/media/45910/021020-euco-final-conclusions.pdf
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- a call to the Commission to propose ambitious collection and recycling targets for
batteries based on critical metal fractions etc.'*

In May 2020, the European Investment Bank announced that it expects to increase its
support for battery-related projects to over €1 billion of financing in 2020. This matches the
level of support the EIB has provided over the last decade. Since 2010, battery projects
financed by the EIB totalled €950 million, funding €4.7 billion of overall project costs. EIB
support was provided under a successful partnership with the European Commission, which
has created new financing instruments such as the InnovFin Energy Demonstration
Programme, a tool to facilitate the demonstration phase of innovative energy projects,
including battery pilot lines."

1.2. Legal context

1.2.1. The Batteries Directive

The Batteries Directive is the only piece of EU legislation that focuses specifically on
batteries.

The objective of the Directive is to minimise the negative impact of batteries and waste
batteries on the emvironment, to help protect, preserve and improve the quality of the
environment and to ensure the smooth functioning of the internal market. It also seeks to
improve the environmental performance of businesses involved in the life cycle of these
products and related processes, e.g. producers, distributors, end users and operators involved
in processing and recycling waste batteries.

The Directive addresses the environmental impacts of batteries related to the hazardous
components they contain. If spent batteries are landfilled, incinerated or improperly disposed
of at the end of their life, there is a risk that the substances they contain leach out into the
environment, compromising environmental quality and human health. To address these risks,
the Directive promotes the reduction of hazardous components in batteries and sets out
measures to ensure the proper management of waste batteries.

The Directive requires Member States to maximise the separate collection of waste batteries
and sets targets for waste battery collection and for recycling efficiencies. Member States
must ensure that, by 2016, up to 45% of the waste portable batteries placed on the market are
collected. All batteries collected must be recycled through processes that reach the minimum
efficiencies set under the Directive, in order to attain a high level of material recovery. It sets
targets for three groups of batteries: lead-acid, nickel-cadmium and all other batteries.

Producers of batteries and of products incorporating batteries are responsible for managing
the waste generated by the batteries they place on the market (‘extended producer
responsibility”).

Further details about the Batteries Directive can be found in Annex 5.

Article 23 of the Batteries Directive: Implementation review and scope for revision if
necessary

Article 23 of the Directive tasks the Commission with reviewing the implementation of the

1 European Parliament Committee on Committee on Industry, Research and Energy (2020) 'Report on a

comprehensive European approach to energy storage', (2019/2189(INI)),
https://www.europarl.curopa.cu/doceo/document/A-9-2020-0130 EN.html.
https://www.eib.org/en/press/all/2020-121-eib-reaffirms-commitment-to-a-european-battery-industry-
to-boost-green-recovery.
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Directive and its impact on the environment and on the functioning of the internal market.
In April 2019, the Commission published an evaluation of the Batteries Directive'®, in line
with the Commission's Better Regulation guidelines and taking into account the
specifications of Article 23. Annex 6 provides a summary of the Batteries' Directive
Evaluation report.

Article 23 also states that, if necessary, proposals should be made to revise the applicable
provisions of the Directive.'’

1.2.2. EU environmental law

Although the Batteries Directive covers some of the environmental impacts related to the
end-of-life stage of batteries, there are also environmental risks related to the other stages in
the life cycle. Examples include adverse impact related to the extraction of raw materials,
emissions resulting from the production or recycling of batteries, the impact on health and the
environmental of the hazardous substances used in batteries etc. In the EU, most of the
environmental impacts related to battery production are also covered by EU environmental
law.

One key example is the Industrial Emissions Directive'® (IED), which regulates emissions
of pollutants from industrial activities, including the production of chemicals and the
processing of non-ferrous metals. During battery production, several stages of the value chain
(e.g. production of the required chemical compounds, recycling) may generate significant
sources of emissions that pollute the air, soil, and water. As part of the revision process of the
IED, the Commission is currently assessing whether there are gaps in the scope of the IED
with regard to industrial activities that are part of the battery value chain.

1.2.3. Internal market regulation

There is currently no legislation at EU level that specifically covers battery performance
and sustainability aspects. A number of international standards exist to test the performance
of rechargeable batteries, but they are not considered fit for the purpose of providing
presumption of conformity with minimum performance requirements. Therefore, a related
standardisation request is being formulated in parallel with the regulatory proposal.

Creating a regulatory framework to gradually bring in performance and sustainability
requirements for batteries will therefore help avoid potential regulatory differences between
Member States.

1.3. Environmental and social context

In the EU, transport generates roughly a quarter of GHG emissions and is the main
cause of air pollution in cities. Road transport in particular is the main contributor to
transport-related GHG emissions. Ensuring a swift transition to electric transport is one of
the biggest levers to reduce GHG emissions and pollution from transport. This is why the
EU's commitments made in the Green Deal, including the sustainable and smart mobility
strategy, will have the key objective to deliver a 90% reduction in transport-related
greenhouse gas emissions by 2050.

o SWD(2019)1300.

The Directive has been amended several times: in March 2008 (Directive 2008/12/EC, L 76,
19.3.2008), November 2008 (Directive 2008/103/EC, L 327, 5.12.2008), November 2013 (Directive
2013/56/EU L 329, 10.12.2013) and June 2018, (Directive 2018/849/EU, OJ L 150, 14.6.2018).
Directive 2010/75 on industrial emissions.
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https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=43777&code1=COM&code2=&gruppen=Code:SWD;Year:2019;Nr:1300&comp=1300%7C2019%7CSWD
https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=43777&code1=RIL&code2=&gruppen=Link:2008/12/EC;Year:2008;Nr:12&comp=
https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=43777&code1=RIL&code2=&gruppen=Link:2008/103/EC;Year:2008;Nr:103&comp=
https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=43777&code1=RIL&code2=&gruppen=Link:2013/56/EU;Year:2013;Nr:56&comp=
https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=43777&code1=RIL&code2=&gruppen=Link:2018/849/EU;Year:2018;Nr:849&comp=
https://www.parlament.gv.at/pls/portal/le.link?gp=XXVII&ityp=EU&inr=43777&code1=ABL&code2=&gruppen=Code:L;Nr:150;Day:14;Month:6;Year:2018&comp=

Batteries are the major driver in the short term to decarbonize road transportation and
support the transition to a renewable power system. For road transport for example,
automotive original equipment manufacturers are launching more than 300 electric vehicle
(EV) models in the next five years'”. A recent study carried out for the Commission using a
life cycle assessment approach found that electric vehicles have a better environmental
performance compared to conventional vehicles’”?' across all assessed indicators. The
study also concluded that environmental benefits from the use of battery electric vehicles
would increase in the future, particularly in view of the steadily decarbonised electricity mix.

Nevertheless, to ensure sustainability and avoid the substitution of negative
environmental and social effects, attention will need to be paid to lowering the emissions
during the production phase, eliminating human rights violations across the value chain and
improving repurposing and recycling.

1.4. Economic context: increasing demand for and production of batteries

1.4.1. Demand

In 2018, global demand for batteries was 184 GWh, a high share of which was provided
by lead-acid batteries.”*** On average, the worldwide battery market increased by 9% per
year between 2010 and 2017.

The transition to a low-carbon economy will lead to an exponential increase in the demand
for batteries (see Figure 2). According to estimates by the World Economic Forum and the
Global Batteries Alliance, global demand for batteries is set to increase 14 fold by 2030
(compared to 2018 levels), mostly driven by electric transport.

Compared to today, global battery demand is expected to grow
by a factor of ~14 to reach ~2,600 in 2030

Global battery demand by application CAGR, Global battery demand by region CAGR,
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World Economic Forum and Global Batteries Alliance, A vision for a sustainable battery value chain in
2030: Unlocking the potential to power sustainable development and climate change mitigation, 2019.
Comparing different powertrains running on different fuels.

E4Tech, Determining the environmental impacts of conventional and alternatively fuelled vehicles
through LCA, 2020, study commission by the European Commission

2 Avicenne, The Rechargeable Battery Market and Main Trends 2017-2025, 2018.

3 In 2018, over 70% of world rechargeable energy charging capacity was provided by lead-acid batteries.

12

20
21

www.parlament.gv.at



Figure 2: Compound annual growth rate for batteries

24,25

For the EU, estimates made by the World Economic Forum and the Global Batteries
Alliance indicate that demand could be the second highest worldwide, worth 170 GWh by
2025 and 443 GWh or 17% of the total global demand by 20307

e In the short term, the expected demand for battery capacity will be driven primarily by
passenger electric vehicles. Currently, electric vehicles only account for a relatively
small market share of the EU fleet, but the numbers of registered electric vehicles have
been increasing steadily over the last few years (see also Annex 7).”’

e Further growth is expected in the coming years, driven by stricter CO, targets for
manufacturers that came into force at the beginning of 2020, more targets that will come
in force in 2025 and 2030 and the Green Deal commitment to deliver a 90% reduction in
transport-related greenhouse gas emissions by 2050.

Batteries: a quick introduction

The batteries value chain

The batteries value chain consists of several stages, starting from raw material extraction,
manufacturing, use and end-of-life (see Figure 3)

Raw and
processed

7 materials “

Recycling / repair
and Cell component
refurbishment / manufacturing
second life

Final product
manufacturing

(o]

(portable battery,
EV, appliance)

l v Battery pack :

manufacturing

manufacturing

Figure 3: Battery life cycle

How batteries are typically categorised

Batteries can be either primary (non-rechargeable) or secondary (rechargeable) types.

Batteries can also be categorised according to use, technology or size. The most common
market segmentation, used by the Batteries Directive, is to distinguish between portable
batteries (mostly used in the 3C sector: consumer electronics, communication and

24

25

26

27

World Economic Forum and Global Batteries Alliance, A vision for a sustainable battery value chain
in 2030: Unlocking the potential to power sustainable development and climate change mitigation,
2019.

Compound annual growth rate (CAGR) is a business and investing specific term for the geometric
progression ratio that provides a constant rate of return over the time period.

These forecasts are in line with the conclusions of a recent JRC report, see Tsiropoulos, I., Tarvydas,
D., Lebedeva, N., Li-ion batteries for mobility and stationary storage applications — Scenarios for costs
and market growth, doi:10.2760/87175, JRC113360.

European Environment Agency (2019), Electric vehicles as a proportion of the total fleet, at
https://www.eea.curopa.cu/data-and-maps/indicators/proportion-of-vehicle-fleet-meeting-4/assessment-
4 (accessed on the 11 March 2020).
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computing), automotive batteries (used for automotive starter, lighting or ignition power
and traction batteries used in electric and plug-in-hybrids) and industrial batteries.

Production in the EU

In 2015, the total volume of batteries placed on the EU market was about 1.8 million
tonnes. Automotive batteries represented by far the largest share in weight with 61%,
amounting to 1.10 million tonnes (see figure 4 in Annex 7). The second largest share, 27%
or about 0.49 million tonnes, were industrial batteries. The remaining 12%, 212 000 tonnes,
were portable batteries.

In 2018, the EU produced €8.4 billion of batteries. Around €3.9 billion worth were exported
and €7.5 billion worth were imported, so in total €12 billion worth of batteries were placed
on the EU market.

In the medium term, there will be a significant increase in the volume of lithium-ion
batteries placed on the market (see Figure 4).

For other chemical compositions, estimates indicate that EU demand for lead-acid
batteries will fall from around 100 GWh in 2018 to about 80 GWh in 2030. Global
demand for lead-acid batteries is likely to remain stable or slightly increase from 450
GWh in 2018 to 490 in 2030.*®

As regards alkaline batteries, which are mostly used in the 3C sector, total EU demand
in 2030 is expected to remain relatively stable in absolute terms.*” The 3C sector, which
1s the main destination for this type of batteries, is expected to continue growing over the
medium term, but at a much lower rate than the other sectors.
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Figure 4: Batteries projected to be placed on the EU market (2020-2035, in tonnes)®

Whereas forecasts about demand for batteries by 2025 is consistent among studies,
uncertainty about the expected demand rises in the medium to long term. Figure 5
shows a minimum and a maximum scenario for battery capacity demand generated by
electric vehicles and energy storage solutions applications until 2049. It shows that
the expected EU demand for battery capacity will amount to 180-230 GWh in 2025

28

29
30

Global Battery Alliance & World Economic Forum, A Vision for a Sustainable Battery Value Chain in
2030, 2019.

ENV Study 2020.

Study report to support the impact assessment.
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and to 450-730 GWh in 2030. According to this study, in 2049 the minimum scenario
points to a demand of approximately 1500 GWh and the maximum scenario to 2400
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N
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Figure 5: Battery capacity demand derived from new installations in electric vehicles (passenger EV,
commercial EV) or energy storage systems and replacements in existing systems in EU-28

Annex 7 provides more facts and figures about the increasing demand for batteries.

1.4.2. Future production

If the demand forecast overleaf materialises, annual global battery production revenues in
2030 could reach up to $300 billion, of which over $30 billion could be in the EU, according
to the Global Battery Alliance.’’

The global manufacturing capacity of lithium-ion cells for electric cars and energy storage is
about 150 GWh per year. The EU does not have yet a large-scale lithium-ion cell
production capacity but this is rapidly changing. In 2019, certain EV producers were
struggling to ramp up production of some of their models due to delays in the production
capacity of the tier-one battery cells they need.*?

For the EU automotive sector, consolidating an EU battery value chain is particularly
important. In electric vehicles, traction batteries and the electric powertrain can represent up
to 40% of their value. This was one of the reasons that prompted the European Commission
and EU Members States to launch, back in 2017, the European Battery Alliance.

3 Global Battery Alliance & World Economic Forum, A Vision for a Sustainable Battery Value Chain in

2030, 2019.
Mathieu, Carole, The European Battery Alliance is moving up a gear,
https://energypost.eu/the-european-battery-alliance-is-moving-up-a-gear/, 2019.
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According to the information provided by members of the European Batteries Alliance on the
industrial plans of its members and the information of publically announced investments in
the EU, the production of lithium-based cells within the EU (by EU and non-European
manufacturers) could reach up to around 370 GWh per year in 2025. If these levels of
production materialise, this could serve the demand in Europe.” This would also make the
EU the second highest region of production worldwide (see Figure 6).**
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Figure 6: Lithium-ion cell production capacities for industrial batteries within the EU in GWh per
year by location of plants

Mass manufacturing, through economies of scale and experience in production, could halve
the costs of lithium-ion batteries by 2030, and an additional 50% reduction may be
achievable after that, i.e. a lithium-ion battery that today costs about €200/kWh may
ultimately cost €50/kWh. This is attainable based on advanced battery chemistries, but does
not take into account potential disruption in raw material prices (e.g. cobalt).”

Efforts to build manufacturing capacity in Europe will primarily target lithium-ion cells
with cathodes employing nickel, manganese and cobalt (NMC) in different proportions, and
anode mainly graphite.”®>’ An increasing number of car makers are choosing full NMC
chemistry to achieve higher energy density and thus extend vehicle battery autonomy.*®

Annex 7 provides more facts and figures on battery production.

1.5. Public context

There is a general acknowledgement among the public that there is a need for a regulatory
initiative that covers the entire battery value chain in an integrated manner. Stakeholders who
responded to the public consultations generally acknowledged that technological, economic
and social changes justify the need for a new regulatory framework for batteries. They also
called for a better harmonisation of existing rules and an EU framework covering the entire
life cycle, comprising common and stronger rules for batteries, components, waste batteries
and recyclates, for the purpose of ensuring the function of the EU’s internal market.

33
34
35

Based on announced investments at the time of writing.

VITO, Fraunhofer and Viegand Maagge, Study on eco-design and energy labelling of batteries, 2019.
Steen, M et al., EU Competitiveness in Advanced Li-ion Batteries for E-Mobility and Stationary
Storage Applications — Opportunities and Actions, JRC Science for Policy Report, doi:10.2760/75757,
2017.

Steen et al., EU Competitiveness in Advanced Li-ion Batteries for E-Mobility and Stationary Storage
Applications — Opportunities and Actions, JRC Science for Policy report, 2017.

D. T. Blagoeva et al., Assessment of potential bottlenecks along the materials supply chain for the
future deployment of low-carbon energy and transport technologies in the EU, 2017.

3 EC Report on Raw Materials for Battery Applications, CSWD(2018)245/2 final.
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The main needs expressed by representatives from industry are for a stable regulatory
framework that provides investment certainty, a level playing field that enables the
sustainable production of batteries and the efficient functioning of recycling markets. The
main concerns expressed by representatives of civil society include sustainable sourcing and
implementing the principles of the circular economy to the batteries value chain.

A detailed analysis of the stakeholder consultations is provided in Annex 2 and (per topic) in
Annex 9.
2. PROBLEM DEFINITION

The aim of this initiative is to tackle three groups of highly interlinked problems related to
batteries (Figure 7).

/
Transition to a low carbon circular economy
m Exponential growth in the demand for batteries
Technological change
¥ o
™ z {
m Market failures | Complex value chai J N Information failures
N Y 7
{L ﬁack of framework cunditinn) Sub-optimal functioning of f/SociaI and environmental
that provide incentives for recycling markets impacts
sustainable investments - Sub-optimal levels of » Lack of transparency about
= Environmental performance collection sourcing
and carbon footprint * Sub-optimal levels of recycling * Hazardous substances
= Performance and durability efficiency, materials recovery = Untapped potential to
= Barriers to the functioning and recycled content offset life cycle
of recycling markets - Barriers to profitability of environmental impacts
//.l \ recycling //
g — W ’
EU Internal Market Circular economy Social and environmental
* Sub-optimal levels of * Untapped potential to close risks
investment materials loops * Impacts of hazardous
* Strain on innovation = Increased need for primary raw substances
+ Sub-optimal development materials Delocalisation of negative
of the batteries value = Untapped potential to mitigate impacts related to raw
chain in the EU supply risk and increase value materials extraction
chains' resilience Increased GHG emissions

Figure 7: Problem tree

The first group relates to the lack of framework conditions providing incentives to invest
in production capacity for sustainable batteries. These problems are linked to potentially
diverging regulatory frameworks within the internal market. Another underlying cause is
the lack of reliable and comparable information.

The second group of problems relates to sub-optimal functioning of recycling markets
and insufficiently closed materials loops, which limits the EU's potential to mitigate the
supply risk for raw materials. A number of shortcomings in the current regulatory framework
are a drag on the profitability of recycling activities and put a strain on investment in
technologies and the capacity to recycle batteries in the future. These shortcomings include a
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lack of clear and sufficiently harmonised rules, and provisions in the Batteries Directive that
take into account recent technological and market developments.

The third group of problems relates to social and environmental risks that are currently
not covered by EU environmental law. It includes a lack of transparency on sourcing raw
materials, hazardous substances and the untapped potential to offset the environmental
impacts of battery life cycles.

2.1. What are the problems?

2.1.1. Lack of framework conditions providing incentives for sustainable
investment

To enable the transition to a low-carbon economy, an exponential increase in the
production of batteries is needed (see Section 1), which requires considerable investments.
In view of achieving carbon neutrality and environmental protection, stimulating a race
to the top and avoiding lock-in, it is important to channel these investments to batteries with
minimised environmental impacts over their life cycle. Currently, however, there a number of
barriers that prevent this, such as lack of reliable information to make informed decisions
and diverging regulatory frameworks across the Member States.

2.1.1.1.  Environmental impact and carbon footprint

The carbon footprint of batteries critically depends on the energy source used in the
manufacturing phase, and can differ significantly across producers. Compared to regular
combustion engines, the potential for reducing GHG emissions savings ranges between 48-
60% for the better performing ones and 19-26% for some others.*

Currently, however, the data needed to calculate carbon impact is not always readily
available and often not comparable. This hampers sustainable choices and investment in
the transitions underway in the mobility and energy-storage sectors.

The carbon footprint of products is likely to become more prominent in trade and
climate policy discussions over the coming years.

2.1.1.2.  Battery performance and durability

The lack of requirements or information on performance and durability of
rechargeable batteries leads to potential regulatory differences for batteries placed on the
EU market. Even though consumer awareness of sustainable consumption is rising,
insufficiently detailed or harmonised labelling requirements mean that it is currently not
possible to make informed purchasing decisions. As a result, market competition is
currently largely price driven with insufficient incentives or rewards for businesses that
produce batteries with a lower environmental impact.

2.1.1.3. Second life market for industrial batteries

The emerging market for second life batteries is an example of a market that is hampered by
a lack of a harmonised regulatory framework in the EU.

3 World Economic Forum and Global Batteries Alliance, A vision for a sustainable battery value chain

in 2030: Unlocking the potential to power sustainable development and climate change mitigation,
2019.
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When the functionality of EV batteries falls to 75-80 % of its original value after a certain
usage, the battery is unable to perform as required for automotive use. These batteries can be
repaired or repurposed and then reused (for the same use), or be adapted to have a ‘second
life’ (different to the original use). The global second-life battery market is forecast to reach
26 GWh by 2025. %

The Batteries Directive does not explicitly cover ‘second life’ batteries. Moreover,
applying the general waste policy principles to this particular case is far from straightforward.
As a result there are currently different approaches arising across the Member States:
some Member States treat end-of-life batteries as waste while others treat them as products,
which results in different legal requirements. This gives rise to market fragmentation, leads
to uncertainty for business and could hinder the development of related economic
activities.

2.1.1.4. Barriers to the functioning of recycling markets

Finally, with regards to the recycling of batteries, the evaluation of the Batteries Directive
found that one of the shortcomings of the Directive is that its provisions are insufficiently
detailed on certain aspects, leading to uneven implementation and creating significant
barriers to the functioning of recycling markets. Examples include the classification of
batteries, the definition of recycling, the requirement on battery removability, labelling
provisions, and requirements for extended producer responsibility.

As a result, implementation of the Directive is uneven and the levels of batteries collected
and recycled are sub-optimal. One specific example is the lack of detailed provisions for
producer responsibility organisations (PROs), on which the evaluation of the Batteries
Directive identified several examples of unfair competition. For example, there are PROs that
compete for the collection of profitable battery types only (known as "cherry picking"), even
collecting batteries from non-private end users, while ignoring other types of batteries.

These sub-optimal levels of collection are problematic, given that recycling technologies are
rather capital-intensive and require significant economies of scale, in some cases beyond
what EU national markets can provide. In this context, metal refiners have stated that they are
wilél‘ilng to invest in building up capacity, provided there is sufficient security of feed later
on.

2.1.2. Barriers to the functioning of recycling markets

The global exponential growth in demand for batteries will lead to an equivalent increase in
demand for raw materials. The Global Batteries Alliance forecasts that four battery metals
will see the highest impact from this growth. By 2030, demand for cobalt, lithium, class 1
nickel and manganese is set to rise by a factor of 2.1, 6.4, 24, and 1.2 respectively compared
to 2018 levels (see Figure 8).

This trend is expected to increase the supply risk for EU producers for two reasons.

Firstly, the supply of raw materials is rather inelastic due to long planning cycles: the
time between exploring a mineral deposit and building a mine can be 10 years or more*.

40 ‘Battery second life: Hype, hope or reality? A critical review of the state of the art’, Renewable and

Sustainable Energy Reviews 93, 2018, p.701-718.
Hageliiken, "The recycling of (critical) metals", in The Critical Metals Handbook, John Wiley & Sons,
2014.
European Innovation Partnership on Raw Materials, Raw Materials Scoreboard, 2016.

41
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Secondly, the reserves of some minerals needed for batteries are geographically
concentrated in a few countries, some of which are characterised by weak governance and
use different policy tools (such as export restrictions on raw materials) to support their
domestic industry. This may pose an additional supply threat to downstream battery
producers in the EU. For example, in September 2010, China (which, at the time, was
producing 93% of the world’s rare earth minerals and was the dominant world supplier of
rare earth metals) introduced significant export restrictions. These severely affected car
manufacturers and high-technology-producing companies.
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Figure 8: Expected growth in the global demand of materials for batteries™

This supply risk could at least partially be reduced by closing the materials loop as much as
possible, i.e. by promoting the durability extension, removability and replaceability, and
where feasible the repair and reuse of batteries, and the use of secondary materials coming
from recycling instead of virgin materials.** For example, secondary production of one ton of
lithium could be achieved by recycling 28 tonnes of used batteries (from around 256 electric
vehicles). However, within the EU, the volume of metals recovered that are used in
battery production is low. Only 12% of aluminium, 22% of cobalt, 8% of manganese, and
16% of nickel used within the EU are recycled®. Only for lead-acid batteries is the volume of
recovered materials used in manufacturing higher than the volume of primary materials*.

In the current situation of market development, mostly as result of market failures, the
potential for recycling within the EU remains largely untapped. This has resulted in 1)
sub-optimal collection of waste batteries, 2) sub-optimal levels of recycling efficiencies,
material recovery and uptake of recycled content and 3) factors that drag down the
profitability of recycling industries. These problems are further discussed below.

# World Economic Forum and Global Batteries Alliance, A vision for a sustainable battery value chain in

2030: Unlocking the potential to power sustainable development and climate change mitigation, 2019.
See e.g. Mathieux, F., et al. (2017). Critical raw materials and the circular economy - Background report
(Issue December). https://doi.org/10.2760/378123; Matos C.T, et al "Material System Analysis of five
battery-related raw materials: Cobalt, Lithium, Manganese, Natural Graphite, Nickel," doi:
10.2760/519827, JRC119950. In Press.

European Innovation Partnership on Raw Materials, Raw Materials Scoreboard, 2018.

European Innovation Partnership on Raw Materials, Raw Materials Scoreboard, 2018.
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2.1.2.1.  Sub-optimal collection of waste batteries

The collection and proper treatment of waste batteries are essential to material recovery to
make secondary materials available and avoid the risk of pollution from the hazardous
substances found in batteries. For example, in 2015, about 37 000 tonnes of portable Li-ion
batteries were placed on the EU market. If all these batteries had been collected and
recycled47, about 1,500 tonnes of secondary cobalt could have been recovered, a sufficient
volume to manufacture approximately 200,000 Li-ion batteries for battery electric vehicles
(BEV), enough to cover all BEV placed on the market in Europe in 2015.%

In practice however, in 2014, 60% of waste portable batteries (128,000 tonnes) were not
collected, falling to 52% in 2018. Of these, an estimated 35,000 tonnes of waste portable
batteries were disposed of as part of municipal waste. The rest may inadvertently remain with
the last end user (a phenomenon called ‘hoarding’) or erroneously enter the WEEE stream if
the battery is not removed from its discarded appliance.

The evaluation of the Batteries Directive notes that it is difficult to identify a single reason
to explain the failure of some Member States to meet the collection rate target for waste
portable batteries. One possible explanation is the difficulty in implementing certain
provisions such as awareness raising or the accessibility of collection points for waste
portable batteries, due to the Directive's lack of detail in the provisions for extended
producer responsibility and producer responsibility organisations.
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Figure 9: Waste portable batteries generated and collected in the EU*

The Batteries Directive does not set explicit targets for the collection of industrial or
automotive batteries, but it includes an implicit "no loss" policy by requiring that all
industrial and automotive batteries must undergo proper treatment and recycling. When the
Batteries Directive was adopted, it did not set an explicit target, based on the assumption that
the recycling of industrial batteries is profitable and that business would ensure that these

47
48
49

Assuming a 95% rate of recycled co-content.
Study underpinning the evaluation of the Batteries Directive.
Data from Eurostat.
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batteries are properly collected and recycled. However, data show that 11% of industrial
batteries placed on the market are not collected at the end of their life and could be lost.

In the future, the share of uncollected industrial batteries is expected to increase, mostly due
to industrial batteries used and owned outside professional or industrial contexts, such as
batteries in EV vehicles, e-bikes, e-scooters and private energy-storage systems. This is partly
a result of the lack of collection, monitoring and reporting systems and the lack of an
explicit target. This analysis is confirmed by the evaluation of the Batteries Directive,
which found that the fact that there are only collection rate targets for spent portable batteries
could cause confusion and prevent the achievement of the Directive's objectives.

2.1.2.2.  Sub-optimal levels of recycling efficiency, material recovery and
uptake of recycled content

In addition to collection rate targets for waste batteries, the Batteries Directive also includes a
provision setting a minimum level of recycling efficiency™® for lead-acid batteries (65%),
nickel-cadmium batteries (55%) and "other" batteries (including lithium-ion) (50%). It also
sets the obligation to recover lead and cadmium content to the highest degree that is
technically feasible while avoiding excessive costs (but does not set a quantified target).

When the Directive was adopted, the approach taken to include both the input to the
recycling process (i.e. the collection rate) and the efficiency of the recycling process was
innovative. It has stimulated the development and roll-out of state-of-the art metallurgical
processes and increased material recovery rates in the EU. Research® suggests that this has
resulted in the Batteries Directive indirectly contributing to making the EU a global
leader in recycling capacity for spent batteries.

This approach to set recycling efficiency and material recovery targets has been
successful to a very large extent:

e For nickel-cadmium batteries, nearly all EU Member States achieved 75% recycling
efficiency or higher in 2018 (with some exceptions), as shown in Figure 10 below.

e For lead-acid batteries, nearly all EU Member States achieved 65% recycling
efficiency or higher in all reference years from 2012 to 2018. To date, the recycled
input to lead-acid battery production in the EU is above 80%, making it an almost
fully circular business.

Despite the relative success of the approach, to date the provisions in the Batteries
Directive are no longer fit-for-purpose, as pointed out in the evaluation. Although the
recycling efficiency targets are broadly met, the Directive's current provisions have not
resulted in a high level of material recovery. The Directive no longer provides an incentive to
roll out state-of-the art recycling facilities for lead-acid and nickel-cadmium batteries.

0 According to Commission Regulation 493/2012, ‘recycling efficiency’ of a recycling process means the

ratio obtained by dividing the mass of output fractions accounting for recycling by the mass of the waste
batteries and accumulators input fraction expressed as a percentage.

Mayyas A., Steward D. and Mann M., ‘The case for recycling: Overview and challenges in the material

supply chain for automotive li-ion batteries’, Sustainable Materials and Technologies 17, e00087, 2018.
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Figure 10: Recycling efficiencies for nickel-cadmium batteries, 2012 and 2018, data from Eurostat.

For lithium-ion batteries, the problem is even more pronounced. There are no specific
provisions for lithium batteries, despite their growing market and economic importance or the
valuable materials they contain such as nickel, cobalt and copper. This discourages recycling
of these batteries and is a barrier to the development of high-quality recycling processes.

The recycling of lithium-ion batteries is a complex and costly process hindered by the
wide variety of chemistries and battery formats. It has long been insignificant because of
dissipative end-uses (e.g. lubricating greases, metallurgy), non-functional recycling (e.g.
glass and ceramics)), or reusable end-uses (such as catalysts). The only waste flow with

lithium recycling potential is spent lithium batteries™”.

Today, almost no lithium is recovered in the EU because it is considered not cost-effective
in comparison with primary supplies, leading lithtum-ion battery recycling plants to focus on
recovering cobalt, nickel, and copper, which have a higher economic value than lithium,
although there are some examples of industrial-scale lithium recovery. The recycling
technologies for lithium-ion batteries in use at industrial scale in Europe are lithium recovery
from the slag fraction through a pyro-metallurgical process, hydrometallurgical recycling
process and a combination of mechanical processing and subsequent hydrometallurgical
processing™.

Where lithium is recovered, its quality is mostly insufficient to be used in batteries. Instead,
it is used in other sectors such as ceramics, glass and alloys. Demand for lithium from these
sectors is however set to grow at a much lower rate than demand for EV batteries. Therefore,
as soon as EV batteries become available for recycling, scientific research indicates that, as
soon as 2021, the supply of recovered (low-grade) lithium would exceed demand.’* This
will also be a barrier to the substitution of primary lithium by secondary lithium, thus leaving
the potential to lower environmental impact untapped.

52
53
54

Study on the EU's list of Critical Raw Materials (2020) Critical Raw Materials Factsheets

Study on the EU's list of Critical Raw Materials (2020) Critical Raw Materials Factsheets.

Ziemanna S., Miillerb D.B., Schebekc L. and Weila M., ‘Modeling the potential impact of lithium
recycling from EV batteries on lithium demand: A dynamic MFA approach’ Resources, Conservation
& Recycling 133, 2018, p.76-85.
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2.1.2.3. Factors that are a drag on the profitability of recycling

Currently, recycling activities in the EU are not operating at an optimal level because
there are a number of factors that negatively affect these operations' profitability.

The viability and economics of battery recycling depend first on the costs of collecting,
sorting, handling and disassembling the batteries that enter the recycling process, and second
on the material value of batteries recycled.”

For batteries that are a component of a device (e.g. mobile phones, power tools, e-bikes), ease
of removal is a factor influencing the efficiency of the recycling process. Although the
Batteries Directive includes an obligation of removability, data from the ProSUM project™®
estimates that on average only 1-20% of batteries are removed from electric and electronic
equipment at the end-of-life. According to recyclers®’, there are several reasons why battery
removal is becoming more complicated, such as the decreasing size of batteries and the
trend to use soft pouch cells and to glue batteries into devices.

Once batteries have been removed, they are usually sorted according to their chemistries,
which is currently mostly carried out manually. Here the problem is that there is currently
no mandatory or harmonised labelling system to provide information on the chemical (and
other component) composition of the batteries. This can result in batteries being sent to
landfills or being wrongly classified, which is reported to have increased the number of fires
and safety incidents. This in turn increases operational costs and insurance costs. However,
even for batteries that do have labelling codes, the lack of specific labels for the different
chemistries within the Li-ion battery category (e.g. lithium-cobalt oxide, nickel-
manganese-copper etc.) leads to a less-pure recyclable fraction and thus a missed
opportunity to extract valuable materials.”®

2.1.3. Problems related to environmental and social impacts

2.1.3.1.  Transparency on the sourcing of raw materials

Extracting some of the raw materials used to produce batteries can sometimes pose
substantial social and environmental risks or challenges. There is the issue of extractive
waste: producing one tonne of lithium for example requires, depending on the ore content,
around 250 tonnes of the mineral ore hard rock mineral (‘spodumene’) or 750 tonnes of
mineral-rich brine. %6162

» World Economic Forum and Global Batteries Alliance, A vision for a sustainable battery value chain

in 2030: Unlocking the potential to power sustainable development and climate change mitigation,

2019.

http://www.prosumproject.cu, a Horizon 2020 project financed by the EU.

EuRIC quoted in the consultant's report.

Tecchio, P., Ardente, F., Marwede, M., Christian, C., Dimitrova, G. and Mathieux, F., 'Analysis of

material efficiency aspects of personal computers product group' — JRC Technical Report, 2019.

59 Meshram, P., Pandey, B. D. & Mankhand, T. R. (2013) 'Extraction of lithium from primary and
secondary sources by pre-treatment, leaching and separation: a comprehensive review',
Hydrometallurgy 150, 2014, p.192-208.

60 Tedjar, F. (2018) in Challenge for Recycling Advanced EV Batteries.

o H. Stahl et al., ‘Study in Support of Evaluation of the Directive 2006/66/EC on Batteries and

Accumulators and Waste Batteries and Accumulators’, 2018.

Huisman, J., Ciuta, T., Mathieux, F., Bobba, S., Georgitzikis, K. and Pennington, D., RMIS, Raw

materials in the battery value chain, Publications Office of the European Union, Luxembourg, ISBN

978-92-76-13854-9, do0i:10.2760/239710, JRC118410, 2020.
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In addition, the deposits of some of these minerals are partially located in conflict-affected
and high-risk areas, where their extraction may give rise to, either directly or indirectly, to
unacceptable social and environmental impacts. Battery manufacturers, regardless of their
position or leverage over suppliers, are not insulated from the risk of contributing to such
adverse impacts on the local communities and workers involved in the mineral supply chain.
Risks include indirect contribution to armed conflict and associated human rights abuses,
dangerous working conditions, or harm to the surrounding environment in the form of
leakage of hazardous substances to the air, water and soil.

International organisations and NGOs have regularly documented their concerns about
the responsible sourcing of raw materials used in batteries®. Cobalt mined in the
Democratic Republic of Congo (DRC) is a particular concern, but a recent JRC report also
identified other materials, such as lithium from Bolivia, graphite from Tanzania or
Mozambique, and nickel from the Philippines or Indonesia.®* The expected rise in demand
for batteries may exacerbate these risks and jeopardise the sustainability of the energy
transition.

None of these materials are covered by the EU Conflict Minerals Regulation®. When it
enters into force in 2021, the Regulation will lay down supply chain due diligence obligations
for importers of tin, tantalum and tungsten, their ores, and gold originating from conflict-
affected and high-risk areas. However, these provisions apply to imports of the raw materials
and not to materials present in imported intermediate or finished products (e.g. batteries)
placed on the EU market. The Conflict Minerals Regulation will be reviewed by 2023 and a
potential extension of the scope will be evaluated as part of the review process. The
Commission has also announced a horizontal initiative on due diligence for 2021° and it is
currently in the process of reviewing the Non-Financial Reporting Directive, which
includes due diligence requirements for EU companies.

Although the metals industry is making efforts to improve due diligence and supply chain
transparency and increase compliance with ILO core labour conventions, it is still difficult
for EU downstream operators to identify the smelters/refiners in their own supply chains.

In an effort to address these challenges, operators across the supply chain run several
initiatives that aim to promote sustainable sourcing practices®’. These initiatives are
voluntary and thus remain open to free-riding. In addition, the effectiveness of the
initiatives is unclear. A recent report, based on research from a number of Harvard
University academics, found that "multi-stakeholder initiatives can be powerful forums for
building trust, experimentation, and learning. However, multi-stakeholder initiatives are not
designed or equipped to be effective tools for protecting rights holders against human

63 See e.g. ‘Amnesty challenges industry leaders to clean up their batteries’, Interconnected supply

chains: a comprehensive look at due diligence challenges and opportunities sourcing cobalt and
copper from the Democratic Republic of the Congo, OECD, 2019.
(https://www.amnesty.org/en/latest/news/2019/03/amnesty-challenges-industry-leaders-to-clean-up-
their-batteries/).

Mancini, L., Eslava, N. A., Traverso, M., Mathieux, F., ‘Responsible and sustainable sourcing of
battery raw materials’, JRC Technical Report, 2020.

6 Regulation (EU) 2017/821.

66 A study on due diligence requirements through the supply chain funded by the Commission
(Directorate General for Justice and Consumers), Study on due diligence requirements through the
supply chain, https://op.europa.eu/en/publication-detail/-/publication/8ba0a8fd-4¢83-11ea-b&8b7-
Olaa75ed71al/language-en, January 2020.

Examples include the Initiative for Responsible Mining Assurance (IRMA), Certification of Raw
Materials (CERA), the Responsible Minerals Initiative (RMI), the Cobalt Industry Responsible
Assessment Framework (CIRAF) etc. For more detailed information, see Annex 9.
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rights violations, holding corporations accountable for abuse, or providing survivors and
victims with access to remedy."®®

Furthermore, although it is true that battery raw materials are also used by other industries, it
is important to note that for some raw materials, over half of global production is for use
in battery applications. For example, over 50% of the global demand for cobalt (64%
originating from the DRC) is used for battery production and over 60% of the world's lithium
is used for electric vehicle production. Taking vertical policy action in the batteries value
chain specifically can thus be justified based on the potential to create a leverage effect.
On this point, the stakeholder consultation that accompanied this impact assessment revealed
that a broad range of stakeholders support the view that mandatory supply chain due
diligence obligations are necessary to ensure responsible sourcing of raw materials and to
create a level playing field for business by creating a set of common rules.

2.1.3.2. Hazardous substances

One of the environmental concerns related to batteries is linked to the hazardous materials
they contain. These substances pose no particular environmental or health concerns when
they are inside the battery in use or even when the battery is spent. However, when batteries
are not properly collected and treated, these substances can leach into the environment and
create significant risks to public health and to the environment. Organic compounds,
electrolyte salts, metals and metallic compounds from batteries disposed of under non-
controlled conditions may pollute water, vaporise into the air when incinerated, or leach into
groundwater after landfilling and expose the environment to highly corrosive substances.
Recycling operations may also be significant sources of emissions of such pollutants to the
air, the soil, and water.

In response to these risks, the Batteries Directive provides for a ban on batteries containing
mercury and cadmium, lays down obligations for the collection of waste batteries and
encourages the reduction of hazardous substances used.

However, other than for mercury and cadmium, the Directive has not led to a reduction in
the other hazardous substances. Even ‘new’ batteries contain harmful substances such as
cobalt and some organic electrolytes, which are highly volatile and toxic (see Annex 7).

2.1.3.3.  Untapped potential to offset life cycle environmental impacts

Longer lasting and better performing batteries have a lower overall environmental
impact as they provide more energy for longer periods. This applies to both rechargeable
and non-rechargeable batteries, although durability considerations and degradation patterns
may be quite different, and, in both cases, application-specific.

The volume of portable batteries placed on the market is increasing. The highest share
(around 70%) is for primary (i.e. non-rechargeable) batteries. In some cases, consumers
choose to use primary batteries because they are cheaper (e.g. AA, AAA); in others because
secondary batteries are not be available in all formats (e.g. button cells).

For non-rechargeable batteries, the potential to offset the environmental impacts related to
their production and end-of-life phases is much more limited compared to secondary
batteries because they can only be used until the battery is spent. The Batteries Directive sets

o8 MSI Integrity (2020) "Not Fit-for-Purpose: The Grand Experiment of Multi-Stakeholder Initiatives in

Corporate Accountability, Human Rights and Global Governance" - http://www.msi-integrity.org/not-
fit-for-purpose/.
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no threshold for the durability of primary batteries, which allows operators to place low-
scoring batteries on the EU market. It doesn't set any other restrictions on primary batteries.

For rechargeable batteries, high performance battery life is one of the features that end
users appreciate the most.*” In smartphones and similar handheld devices, poor battery life
contributes to customer dissatisfaction more than any other feature.”® Premature obsolescence
and discontinued battery lines exacerbates not only customer disappointment, but also the
waste of resources. For EVs, the driving range is already a competitive factor amongst
vehicle manufacturers, but for the moment, measuring battery performance or degree of
degradation represents several complexities, and there is not yet a universally used standard.

Current provisions are insufficient to enable end-users to make informed choices and do
not set rules governing battery lifetime and durability. This does not encourage the placing on
the market of batteries with adequate levels of performance and durability.

Another way to lower the environmental impact of batteries is to extend their lifetime,
in particular for industrial batteries. Life-cycle assessments’' indicate that, under certain
conditions, second-life batteries used for energy storage could help offset the
environmental impact of their manufacturing processes by providing a longer and more
efficient use of resources. It is widely acknowledged that the viability and the environmental
impact of this approach depends on many factors, in particular the legal framework, which is
currently non-existent or uneven across the Member States. On the other hand, extending EV
battery lifetime will delay their availability for recycling.

2.2. What are the problem drivers?

At the root of the issues described above are two main problem drivers: market and
information failures, which are both related to the functioning of the internal market. In
addition, they are exacerbated by a third driver, the complexity of battery value chains.
Value chains comprise many different stages, from mining, refining and active materials
production to cell and pack production, device manufacturing and finally collection and
recycling. Most stages take place in different geographical locations and are carried out by
different market players.

The first problem driver is market failure, i.e. situations where the market outcome is sub-
optimal from a societal point of view. In such situations, the costs to public health, social
conditions and the environment are not factored into the market price and are thus borne by
society as a whole. One example is the misalignment of incentives across the value chain,
e.g. the profitability of recycling operations depends on factors that are outside recyclers'
control, such as ease of removability and the cost of collection.

The second problem driver is information failure, i.e. situations where not all market
players have the same information available, preventing them to make informed choices. This
can lead to unfair competition or to sub-optimal levels of material recovery (e.g. battery
removal is difficult because it is unclear where the battery is located).

69 . . .
https://www.prnewswire.com/news-releases/camera-and-battery-features-continue-to-drive-consumer-

satisfaction-of-smartphones-in-us-300466220.html.
https://www.digitaltrends.com/mobile/j-d-power-consumers-most-dissatisfied-with-smartphone-
battery-life/.

Bobba, S. et al., ‘Life Cycle Assessment of repurposed electric vehicle batteries: an adapted method
based on modelling energy flows’, Journal of Energy Storage 19, 2018, pp. 213-225.
https://doi.org/10.1016/].est.2018.07.008
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These problem drivers lead to three main groups of consequences, as set out in the problem
tree (Figure 7, p. 17):

e The problems identified have negative impacts on the functioning of the internal
market. This can, for example, result in under-investment in capacity and innovation
and act as a drag on productivity growth in the market and higher costs for consumers.

e In addition, the problems identified lead to an inefficient use of resources, which
hampers the development of a proper circular economy, increases the need for
primary raw materials and leaves the potential to mitigate supply risk and increase
value chains' resilience untapped.

e Lastly, they lead to a number of environmental and social risks along the supply
chain. As well as generating impact in Europe, there are resulting risks outside Europe
given that the upstream part of the value chain is predominantly located outside the
EU. The environmental impacts include increased greenhouse gas emissions. Social
impacts include child labour, severe health and safety risks, and hazards to workers.

2.3. The current regulatory framework

The current regulatory framework comprises (specifically) the Batteries Directive and
(more generally) the Waste Framework Directive, the Industrial Emissions Directive
and chemicals legislation.

Reports on implementation and evaluation of the Batteries Directive found that the Directive
has yielded positive results in terms of a better environment, the promotion of recycling and
better functioning of the internal market for batteries and recycled materials. However,
limitations in some legal provisions or their implementation prevent the Directive from
fully meeting its objectives, particularly as regards waste battery collection or efficient
recovery of materials. In response, the reports propose setting new targets for collection and
recycling.

One such shortcoming is that the Batteries Directive mostly focuses on the end-of-life phase
of batteries and does not sufficiently cover other sustainability aspects related to the
production and use phases of batteries such as durability, GHG emissions or responsible
sourcing, for which there are currently no legal provisions in the EU. This is out of step with
current EU approaches on sustainable management of materials and waste, which focus on
optimising products and production processes.’

Another shortcoming is the lack of sufficient detail on certain provisions, which leads to a
lack of harmonised rules across the EU and hampers the functioning of recycling markets.
Examples include labelling, removability requirements and requirements for producer
responsibility organisations.

The Batteries Directive is also not well equipped to keep pace with new technological
developments. An example is lithium-ion batteries, which are becoming the most important
battery chemistry in the market, but are not specifically covered by the Directive. Another
example is the development of the second-life market for industrial batteries, where the lack
of a regulatory framework leads to diverging national approaches and thus market
fragmentation. Another example are new products or appliances such as e-bikes, which are
currently classified as "industrial batteries" even though they are used by consumers. As a
consequence, these batteries may not be properly collected or recycled.

7 ‘Paving the way for a circular economy: insights on status and potentials’, EEA, 2019.
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In sum, the current regulatory framework for batteries is not sufficiently powerful to
drive the EU battery market towards higher levels of sustainability, neither in terms of
production processes (manufacturing, use and end-of-life battery processing) nor in terms of
products (reliability, durability, etc.).

2.4. How will the problem evolve?

Driven by the transition to a low-carbon economy and by consumer demand, the use of
batteries in the EU is set to continue to increase significantly.

Although it is expected that there will be changes to the products and batteries placed on
the market (e.g. more efficient and durable batteries), these changes will not
fundamentally affect the sustainability and market-related problems across the batteries
life cycle as described above. On the contrary, some problems are expected to become more
pronounced due to the expected exponential growth in demand. This applies in particular
to new technologies and applications that are not yet specifically regulated such as second-
life for industrial batteries or the collection of small industrial batteries (i.e. batteries used in
light transport or energy small storage applications).

2.5. Who is affected and how?

Society as a whole (general public). If the environmental burden inherent in battery
production is not factored into the market price, they represent a hidden cost to society, either
now or in the future (e.g. public health, environmental remediation etc.).

EU consumers. EU consumers currently lack sufficient, reliable and comparable information
to be able to make informed purchasing choices about batteries, e.g. regarding their carbon
footprint, expected lifetime, etc.

Non-EU citizens. The environmental and social risks inherent in extracting the raw materials
needed to produce some types of batteries significantly affect citizens in non-EU countries
where these materials are extracted in an unsustainable manner. This includes workers in
supply chains, who may experience labour rights violations, in particular in conflict-affected
regions.

Public authorities. Public authorities are currently in charge of monitoring, reporting and
enforcing the Batteries Directive. Some uncertainties about batteries classification may result
in higher administrative costs and uneven approaches taken in the different Member States.

Battery producers. Battery producers that apply high environmental standards face unfair
competition from producers that are not subject to the same rules. The lack of a stable and
predictable regulatory framework is also a barrier to making the investment needed in
sustainable battery production in Europe.

Downstream industries. Notwithstanding the importance of global value chains, clustering
or integrating certain production stages is common. The COVID-19 crisis has demonstrated
that disruptions in upstream segments of the value chain can have significant negative
implications on downstream producers. In addition, for downstream producers proximity to
the supply of battery cells and modules contributes to lower transport costs, closer
collaboration on the design and quality of the cells, innovation and the development of know-
how.

Brands. Producers of appliances that include battery production with links to human rights
abuses, dangerous working conditions or harm to the surrounding environment and which are
called into question by NGO campaigns carry the risk of significant reputational damage.
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Battery recyclers. Batteries are typically recycled in three steps:

- Waste battery collection. This usually takes place at local or regional level and
commonly involves small and medium enterprises. Logistics and funding are usually
organised by producer responsibility organisations. Collection is currently covered by the
provisions in the Batteries Directive, which are insufficiently precise to be effective.

- Dismantling and pre-processing. This usually takes place at local, regional or inter-
regional level, involving small and medium enterprises, but also some large waste
companies. Businesses operating at this stage are affected by the lack of alignment of
incentives across the value chain (e.g. irremovable batteries), which affects profitability.

- Material recovery. Key players at this stage of recycling are mostly large companies
who source their feed at international level. These companies are affected by the sub-
optimal levels of collection as their operations are very capital-intensive and thus require
economies of scale.

3. WHY SHOULD THE EU ACT?

3.1. Legal basis

It is the intention to adopt the proposal on the basis of Article 114 of the Treaty on the
Functioning of the European Union (TFEU), which is to be used for measures that aim to
establish or ensure the functioning of the internal market.

The current Batteries Directive 2006/66/EC is based on Article 175 TEC (now Article 191
TFEU) and on Article 95 TEC (now Article 114 TFEU) for the identified product-related
provisions, namely restrictions of certain hazardous substances and labelling. For the current
Directive, the Commission in its proposal had identified the situation of diverging national
measures on, for example, marketing restrictions or marking obligations, which constituted
barriers to trade and, if not addressed, potentially compromised the functioning of the internal
market.

Section 2 of this impact assessment demonstrated that there are a number of key problems
related to the internal market. These include barriers to the functioning of recycling
markets, uneven implementation of the Batteries Directive, the imperative need for large-
scale investment to respond to the changing market, the need for economies of scale, and the
need for a stable fully harmonised regulatory framework.

Section 2 also set out a number of environmental problems related to the production, use
and end-of-life management of batteries. It is important to note that the environmental
problems that are not directly covered by EU environmental law and that thus require
regulatory action can all be linked to the functioning of the internal market. One example
is the adverse impacts of hazardous substances contained in batteries when they are not
properly disposed of, a problem that can be solved by proper battery collection and recycling.
One of the reasons why collection levels are so low is that setting up collection systems has a
cost, and the internal market is not providing an adequate and harmonised implementation of
the polluter pays principle. Sub-optimal levels of collection are also problematic from a
business profitability perspective, given that recycling technologies are rather capital-
intensive and thus require significant economies of scale, in some cases beyond what EU
national markets can provide. Another example is the untapped potential of lowering the
total environmental impact of batteries by increasing the circularity of the battery value
chain. Here the main driver is again market failure, i.e. the lack of alignment of incentives
(and information) between different operators across the value chain, or, in the case of the
market for second life EV batteries, a lack of legal certainty.
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The objective of this proposal is thus to ensure the functioning of the internal market for
economic actors operating in the market. The measures lead to further harmonisation of
product requirements for batteries placed on the EU market and the level of waste
management services provided by economic operators. The proposal will also set
requirements to create a well-functioning market for secondary raw materials. In addition
it will create a regulatory framework that will prevent and reduce the environmental impact
from the production and use of batteries as well as their processing, including recycling, at
their end-of-life. This will promote a circular battery industry and avoid market
fragmentation due to diverging national approaches.

The manufacture and use of batteries, the underlying value chain, and the processing of end-
of-life batteries are cross-cutting issues, relevant to many policy areas of policy. Therefore,
in addition to pursuing internal market objectives, the proposal will also contribute to
objectives related to environment, transport, climate action, energy and international
trade. The analysis of the impact of the proposed measures (see Section 7) demonstrates that
in most cases, the internal market objectives are predominant and the enviro