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Systemiq – who are we?

People & Projects

▪ ~400 employees, 18 

partners

▪ Diverse backgrounds from

– Consulting and finance

– Industry

– Public & non-profit

– Academia

▪ 300+ projects since 

inception in 2016

▪ 7 major coalitions

Locations

▪ Headquartered in UK 

(London)

▪ Offices in

– Brazil (São Paulo)

– France (Paris)

– Germany (Munich, 

Berlin)

– Indonesia (Jakarta and 

others)

– Netherlands 

(Amsterdam)

nature energy materials finance CITIES

Insights and analytics   |   impact coalitions   |   advisory

Systemiq is the world’s only ‘pure play’ climate and systems 

change company. Our mission is to accelerate the transition to 

a net-zero, nature-positive and more inclusive economy

We do this by building ambitious multi-stakeholder coalitions; advising leading 

companies, financial and public institutions; and investing into disruptive businesses 

that will scale new solutions across the energy, nature and materials systems.
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REPORT CONTEXT
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In order to meet the CRMA benchmark, it is evident that the projected EU refining and 
processing capacity falls short, necessitating reshoring

Note: Demand and supply is for battery application only, does not reflect total EU refining capacity. CRMs include lithium, nickel, manganese, cobalt and 

graphite. Utilisation rate of facilities not accounted for in capacity forecast. Capacity to meet CRMA benchmark calculated to meet 40% of total battery 

demand. 1CRMA must provide additional clarity to establish if benchmark needs to be met at end-product level or per intermediaries across the value chain.

Sources: Systemiq analysis; Transport and Environment, A European Response to the US Inflation Reduction Act (2023); BNEF, Equipment Manufacturers Data 

Hub (2023); KU Leven, Metals for Clean Energy: Pathways to solving Europe’s raw materials challenge (2022); SCRREEN, CRMS 2023 factsheets (2023)
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▪ Assuming the base case capacity scenario is 

achieved, then the EU is forecast to have 180 

kt of material refining capacity by 2030. 

▪ This would mean 380 kt of battery material 

refining and processing would require 

reshoring to meet the CRMA 40% benchmark.

▪ Even when the full potential of the current 

pipeline is forecast, the 2030 capacity falls 

short of the 40% target by ~260 kt.1

= 380 kt

Demand

Operational capacity

Base case capactiy

Full potential capacity

CRMA compliant metal salt processing

= 180 kt

InsightsEU battery material processing supply and demand forecast [kt p.a.]

Forthcoming – not for sharing
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Lithium Nickel Cobalt Manganese
Natural 

graphite

Operational 

input

Water use

Land use2

Operational 

output

Freshwater Eutrophication 

Marine Eutrophication

Acidification

Human Toxicity - Cancerous 

Human Toxicity - Non-cancerous 

Particulate Matter Formation

Freshwater Ecotoxicity

Marine Ecotoxicity

Terrestrial Ecotoxicity 

WE HAVE ASSESSED ENVIRONMENTAL IMPACTS OF ACHIEVING CRMA TARGETS IN REFINING

Unmitigated environmental impact of midstream production per unit of 

battery material Insights

1

2

3

4

5

1 Lithium – eutrophication

▪ The primary contributors to eutrophication potential is 
the leaching step in the upstream production of sodium 
carbonate, with sodium hydroxide

2 Nickel – Particulate formation and ecotoxicity
▪ Smelting of sulphide concentrates generates sulphur 

dioxide gas which can result in acid rain formation. 
▪ Potential heavy metal exposure1 and acid rain would 

have harmful impact on ecosystems.

3 Cobalt – human toxicity
▪ Potential heavy metal1 emissions; Inhalation of cobalt 

dust or fumes can lead to respiratory and 
cardiovascular problems such as condition known as 
"hard metal lung disease" or "cobalt lung."

4 Manganese – acidification
▪ Acidification impacts from manganese are primarily due 

to nitrogen oxides and phosphates accumulation in 
water environments.

5 Natural graphite – marine ecotoxicity
▪ Anode graphite refining wastes up to 70% of the initial 

graphite leading to large quantities of waste effluent.
▪ Process chemicals and effluents could have negative 

impacts on aquatic biodiversity through the 
contamination of water resources. 

Note: (1) Heavy metals - a group of metallic elements that can be toxic at relatively low concentrations due to their ability to accumulate in living organisms and 

interfere with normal biological functions; (2) Land use is not analysed in depth as literature reviewed does not discuss this impact category in detail and the 

LCAs indicated land use is largely associated with upstream production; *see Annex A for other key environmental insights (i.e. dark cells not highlighted in 

insights. Sources: Systemiq analysis; Ecoinvent – cut-off approach

Highest 
impact

Lowest 
impact

*

*

N.B Impact factors are 

global averages

Forthcoming – not for sharing
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For all environmental impact categories, we find that potential risks exists but not only are 
small compared to the current fossil system, but can also be successfully mitigated

Sources: EU commission; SCRREEN (EU Horizon project), Critical Raw Material factsheets (2023)

Notes: 1Five key air pollutants included in NECD - nitrogen oxides (NOx), non-methane volatile organic compounds (NMVOCs), sulphur dioxide (SO2), 

ammonia (NH3) and fine particulate matter (PM2.5); 2Assumes deaths caused and PM2.5 emissions volume have a direct correlation. 

Legislative instruments Description

National Emission reduction 

Commitments Directive(NECD) 

(2016/2284/EU)

Sets national emission reduction 

commitments for Member States and the 

EU for five key air pollutants1.

Industrial Emissions EU Directive 

(2010)

Main EU instrument regulating pollutant 

emissions from industrial installations.

Occupational Exposure EU 

Directive (2017)

Lists indicative occupational exposure 

limit values for chemical agents.

Carcinogens, mutagens or 

reprotoxic (CMR) substances at 

work EU Directive (2004/37/EC) 

Minimum requirements for protecting 

workers against risks to their health and 

safety from CMR substances.

▪ The EU carcinogens and mutagens 

Directive sets a limit to occupational 

exposure to nickel compounds and the 

commission is set to propose an 

occupational exposure limit to cobalt by 

the end of 2024.

▪ This regulation alone could prevent up to 

77% of potential cancer cases in 2030.

2030 Cancerous human toxicity

[cancer cases]   

2030 Particulate matter

[Million kg PM2.5]

 

Key regulation mitigating environmental impact Examples of reduced impact in the EU 

▪ Commitments set by EU member states 

in NECDs are predicted to reduce 

premature deaths from fine particulate 

matter (PM2.5) by 66% by 2030 from 2005 

levels, overshooting the 55% target. 

▪ Assuming unmitigated PM2.5 emissions 

reflect 2005 levels, by 2030 the refining 

fine particulate emissions would be 

reduced from 80 million to 27 million kg2.

•The following legislative instruments aid in the objective of establishing a toxic-

free environment, as outlined in the European Green Deal (please see 

Appendix A for full list of relevant legislation). 

•These regulations also contribute to the pursuit of the 2030 targets associated 

within the framework of the zero-pollution action plan.

•The 1st and 3rd points of the action plan state that the EU should:

o reduce premature deaths of air pollution by >55%;

o reduce ecosystems where air pollution threatens biodiversity by 25%.

•Policies have been developed or updated in the past 20 years. However, 

guidelines must be reviewed to ensure they address all impacts of the evolving 

industry, as well as ensuring they are equally enforced across member states.

47

12
10

Unmitigated 
risk

10

Mitigation 
from EU 

regulation

76

17

-77%

Lithium Cobalt Nickel Manganese Graphite

2 1

75

Unmitigated 
risk

1
25

Mitigation 
from EU 

regulation

80

27

-66%

Non- 
Exhaustive

Forthcoming – not for sharing
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HAVING ANALYSED CO2 FOOTPRINTS OF BATTERY MANUFACTURING, WE FIND THAT DIFFERENCES BETWEEN CHEMISTRIES ARE 
NOT SIGNIFICANT AND THE SECTOR’S CO2 EMISSIONS WILL BECOME SIGNIFICANT BY 2030 (BUT WOULD HAPPEN ANYWAY)

Share of GHG emissions from manufacturing energy (electricity and heat) in battery cell production [%] and impacts 

from emissivity of energy input [kg CO2 eq per kWh] Insights

Type

% of GHG 

emissions 

from energy2

NMC 40%-45%

NCA 35%-40%

LFP 45%-50%

SIB 30%-35%

0.1

0.2

0.4

0.1

0.4

0.1

0.7

0.0

0.4

0.1

0.1

0.2
0.2

0.4

0.7

0.3

0.3

0.3

0.2

0.1

0.7 kg CO2 eq per kWh

0.0 kg CO2 eq per kWh

Sources: Systemiq analysis; European Environment Agency – Published Oct 202; Mohr M et al. (2020)

83

81

91

73

48

51

46

51

-43%

-36%

-49%

-31%

GHG emissions for battery manufacturing 

(kg CO2 eq per kWh)

EU average vs Sweden

▪ The cell manufacturing 
energy (electricity and heat) 

represents the largest portion 

of the production GHG 
emissions for each cell 
chemistry

▪ Share of manufacturing 
energy is the highest in LFP 
batteries. This is because lower 
energy densities require 
higher volume of materials 
and size

GHG emission intensity of electricity 

generation1

0.2

Forthcoming – not for sharing
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A whole new industry around EV battery recycling is developing, driven by the increase in 
EV batteries and the strategic and regulatory importance of secondary materials

1. Increasing number of EOL 

batteries

• Passenger electric vehicles (EVs) 
are close to a tipping point, and 
will grow exponentially

• End-of-Life batteries volumes 
expected to increase rapidly

2. Supply chain resilience 3. Regulatory development

0
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1,000
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2023 2025 2030 2040

+33%

Europe US China RoW

LIB recovery capacity, mmt (input)

Strict recovery & recycling 
targets (new EU battery regulation)

Planned digital battery 
passport to enhance tracing 
system live since 2018

Regionalisation through IRA

0

1

2

3

4

2021 2025 2030

+14%

China

Europe

North America

Rest of the World

• OEMs are looking to reduce 
dependency on mining and build 
resilience against supply chain 
disruptions

• LIB recovery capacity being 
developed globally as the result

End-of-life EV batteries (GWh)

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling
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After 2035, end of life batteries recycling will contribute to material demand -
but will not suffice to cover demand
Annual energy transition demand and secondary supply
Thousand metric tons

Source: Systemiq for Energy Transitions Commission (2023)
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EV battery recycling can reduce environmental impact of batteries through reduced 
primary material production – but it could also generate its own risks and impacts

Global warming potential of hydrometallurgy with two recovery processes  • Scaling up battery recycling is a 

critical task for the next decade 

to accelerate clean transition in 

transport & energy

• Battery recycling has 

environmental and social 

advantages over virgin mining 

• There is an opportunity to further 

optimise the sustainability 
impact of battery recycling

*Negative values indicate net benefits (reduction of impacts due to recovered 

materials; Positive values are environmental impacts due to the recycling process

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling



11

To pre-empt license to operate challenges for battery recycling in Europe and sustaina-
bility risks in other markets, We set out to fill knowledge gaps and propose actions

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling
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KEY FINDINGS
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LIB recycling is technically complex demanding a multi-step approach
Operational steps for LIB recycling can be ordered in multiple ways and some steps may be omitted, resulting in many potential 
permutations for recycling routes 

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling
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In order to streamline the potential treatment pathways and allow for clear mapping of capacities, the industrial battery recycling 
process flows can be summarised into 5 archetypal routes

5 archetypal routes were identified in this report

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling
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there is no “one-size-fits-all” assessment of LIB recycling sustainability, recyclers face 
a series of trade-offs
• Each operational step has inherent sustainability implications, and the sequencing of steps also gives rise to distinct considerations

• Different sustainability dimensions often compete with one another, meaning recyclers must navigate a series of trade-offs  

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling
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Battery Recycling is a part of the wider circularity framework and should not be an 
isolated lever
• Recycling is part of a wider circular economy framework. Other strategies like battery reduction, reuse, and design should be 

followed first based on the Circular Economy hierarchy. 

• Alongside the recycling process itself, transport and collection as well as the usage of the recycled content need to be optimised 
for sustainability

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling
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Despite the divergence in battery recycling technologies and approaches, universal 
sustainability principles could be applied

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling

Design and operate recycling processes to minimise waste streams and ensure all waste is treated and 

disposed in accordance with international standards
Minimal waste

Incorporate sustainability impact assessment when selecting battery recycling technologies and processes
Technology selection and 

process design

Maximise materials and energy recovery and prioritise recycling to high grades of recycled materialsHigh ambition recycling

Employ sustainability assessment criteria and robust controls to ensure that suppliers of auxiliary materials 

follow internationally accepted environmental, social and labour standards 
Supplier engagement

Minimise consumption and GHG emissions of used chemicals, gases and other input materialsAuxiliary materials

Implement digital tools and enhanced traceability in line with the digital ecosystem along the value chainData availability

Decarbonise recycling operations 
Energy usage and 

Greenhouse gas emissions

Adopt best practices for water reduction and wastewater managementWater management

Prioritise stringent health and safety standards in recycling operations  Safe operations 

Optimise transport routes and electrify modes of transportationTransport 
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There are open and debated topics in sustainable battery recycling that need further 
industry alignment

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling

Classification of black mass1

Trade of End-of-life (EOL) 
batteries and black mass

2

Circular battery design3

Access to materials and 
second-life applications

4

Co-Production of primary and 

secondary materials
5

End-to-end recycler capabili-
ties versus a multi-stakeholder 
recycling value chain

6

Selected topics
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Get involved!

JRC-IEA-EGRD Workshop on Clean energy supply chains | Sustainability of Battery Recycling

1. Check out the full report on our website at systemiq.earth/sustainable-

battery-recycling

2. Work with us to co-design and endorse the industry principles

3. Work with us to champion sustainability and set gold standard in battery 

recycling and promote key areas of collaborative action

Reach out to us: tilmann.vahle@systemiq.earth & contact@sytemiq.earth  

https://www.systemiq.earth/sustainable-battery-recycling
https://www.systemiq.earth/sustainable-battery-recycling
mailto:tilmann.vahle@systemiq.earth
mailto:contact@sytemiq.earth


© 2023 SYSTEMIQ Ltd. All rights reserved.

This is an internal document which provides confidential advice and guidance to partners 

and staff of Systemiq Ltd. and its subsidiaries. It is not to be copied or made available to 

any other party without prior written approval.


	Default Section
	Slide 1: Advancing sustainable battery recycling: towards a circular battery system
	Slide 2: Systemiq – who are we?
	Slide 3: Report context
	Slide 4: In order to meet the CRMA benchmark, it is evident that the projected EU refining and processing capacity falls short, necessitating reshoring
	Slide 5: We have assessed environmental impacts of achieving CRMA targets in refining
	Slide 6: For all environmental impact categories, we find that potential risks exists but not only are small compared to the current fossil system, but can also be successfully mitigated
	Slide 7: Having analysed CO2 footprints of battery manufacturing, we find that differences between chemistries are not significant and the sector’s CO2 emissions will become significant by 2030 (but would happen anyway)
	Slide 8: A whole new industry around EV battery recycling is developing, driven by the increase in EV batteries and the strategic and regulatory importance of secondary materials
	Slide 9: After 2035, end of life batteries recycling will contribute to material demand - but will not suffice to cover demand
	Slide 10: EV battery recycling can reduce environmental impact of batteries through reduced primary material production – but it could also generate its own risks and impacts
	Slide 11: To pre-empt license to operate challenges for battery recycling in Europe and sustaina-bility risks in other markets, We set out to fill knowledge gaps and propose actions
	Slide 12: Key findings     
	Slide 13: LIB recycling is technically complex demanding a multi-step approach
	Slide 14: 5 archetypal routes were identified in this report
	Slide 15: there is no “one-size-fits-all” assessment of LIB recycling sustainability, recyclers face a series of trade-offs
	Slide 16: Battery Recycling is a part of the wider circularity framework and should not be an isolated lever
	Slide 17: Despite the divergence in battery recycling technologies and approaches, universal sustainability principles could be applied
	Slide 18: There are open and debated topics in sustainable battery recycling that need further  industry alignment
	Slide 19: Get involved!
	Slide 20


