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13:007 13:10 Battery key value chain introduction (10 min) Fride Vullum-Bruer (SINTEF)

13:107 13:20 Challenges and Policy Recommendations (10 min) Fride Vullum-Bruer (SINTEF)

Jacob Hadler-Jacobsen

13:201 13:40 Battery Energy Storage System Demonstrations and Economic Evaluations (20 min) (SINTEF)

13:401 14:00 Macro-economic Assessments (20 min) Meron Assefa Arega (SINTEF)

14:0071 14:15 Coffee Break (15 min)
14:157 14:25 Sustainability assessment (10 min) Tomas Slany (GreenDelta)

Noman Shabbir, (Researcher,
14:2571 14:40 Repurposing Electric Vehicle Batteries: Evaluating Transferability Potential (15 min) Tallinn University of
Technology)

Panel Discussion:
14:40-15:00 ) o ) ] ]
Beyond Recycling: How EU Legislation Can Scale Second-Life Batteries (20 min)

15:0071 15:15 Coffee Break and coming back to plenary room (15 min)
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introduction (13:00-13:10)

Fride Vullum-Bruer (SINTEF)
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Why are batteries important? TREASOURCE

ASOC|ety IS bECO m | N g Smart distribution grids at the heart of a transformed power system
I n C re aS I n g |y m O re Cross-border interconnections o fﬁfowces
e I e Ctrlfl e d Transmission énd d;)ut;:; ! , @ P

AChallenges in future qE . ez
energy systems: CAERE L | w.

Alncreased need for
energy and power

Alntermittent energy
sources (wind and
solar)

ACentralised vs local —
energy production e Flstifosio o reapor

© OECD/IEA 2016 Next Generation Wind and Solar Power — From cost to value, IEA Publishing. Licence: wwwi.iea.org/t&c




7

Global electricity production TREASCURE
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Power system flexibility

Hour -to-hour flexibility needs per region (APS)

United States European Union China India
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Flexibility supply by source, region and

scenario

Advanced economies

2050

Emerging market and developing economies

Source: IEA World Energy Outlook 2022

B Unabated coal
I Unabated natural gas
m Qil
Fossil fuels with CCUS
M Hydrogen and ammonia
Nuclear
W Hydro
M Other renewables
M Batteries
B Demand response




Global BESS capacity predictions 9

Annual added battery energy storage system (BESS) capacity, %

Il Utility B Commercial and industrial [l Residential

100% in CAGR, |

ANumberS eStImated and GWh=  110-140 140-180 176-230 215-290 275-370 350-470 440-580 520-700 2023-30
published by McKinsey NG
In August 2023 C13% )

ALarge demand for utility
scale batteries

2023 2024 2025 2026 2027 2028 2029 2030

Market size, 44-55 50-65 60-75 65-85  75-100 90-115  105-135 120-150
$ billion

Note: Figures may not sum to 100%, because of rounding.

Funded by Source: McKinsey Energy Storage Insights BESS market model
- the European Union
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Can part of the solution be reuse and ‘)

TREASoURCcE

repurposing of used EV batteries?

The circular EV battery value chain

. Battery fabrication
~o

e

~e EVfabrication

Raw materials

Repair

Refurbish
Rec .‘ Remanufacture

\Spa re parts

EV use Phase
1st life

4

Recover

Repurpose

2" |ife batteries

Photo: Daniel Albert (SINTEF)
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Challenges and Policy

Recommendations (13:10-1:
Fride Vullum-Bruer (SINTEF)



Challenges and barriers for 2 " life \3
battery use TREASoURCE

. . o
[ Cost of circular strategies an ] Technical: Battery degradation knowledge

: Regulations & legislations:  Repurposing, access
/ Technical E"j \ to BMS, recycling

_ Challenges _ _ _
Regulations & \\ and barriers Eco-design ’ Eco-design: Reduce environmental impacts of EVsS

legislations for circularity during its entire lifetime

\’ et & 4/ Safety & reliability:  In operation, logistics and

reliability remanufacturing

Funded by
the European Union
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Regulations and legislation

Challenge 2

The EU Battery Regulation favours battery
recycling of materials above lifetime
extending circular activities, as it requires a
certain amount of materials in new batteries
to come from recycled sources.

Challenge 1

Lack of regulatory environment, testing and
safety standards for repurposing electric
vehicle batteries.

Recycling targets set in the Battery Regulation
Year Cobalt

Lithium Nickel

Minimum recovered content in 2031 16 % - 85 % 6 %
new batteries 2036 26 % - 85 % 12 %
Material recovery targets for 2027 90 % 90 % 90 % 50 %
waste batteries 2031 95 % 95 % 95 % 80 %

Funded by
the European Union




Technical challenges

Challenge 3

The historical data stored on the battery management system is
not accessible for other actors than the original equipment
manufacturer.

Challenge 4

Batteries have a vast range of different cell chemistries, cell form
factors, and battery pack designs, and new technological
advances are developing rapidly. Life extending circular activities
must be tailored to a specific battery manufacturer and must
continuously develop at the same rapid pace.

Funded by
the European Union
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Market share of cathode materials in battery energ
systemspow andin the future. (WoodMackenzie



Technical challenges

Challenge 5

EV battery evaluation requires time
consuming procedures, and advanced
diagnostic and prognostic algorithms of
battery state of health and safety, and
remaining useful lifetime.

Funded by
the European Union

Step #1: Incoming assessment

Rejected
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Step #2: Disassembly

Retired
battery
systems
Manufacturers  Models Batches !
Reasons for retirement Types i

Operation history

Step #3: Mechanical, electrochemical and safety performance evaluation
(@)safety evaluation ) - )
— @Electruchemncal assessment (LMechanical
. ntegity
= 5 £ ; e 1Y inspection
=5 g gMejilr 8 e e N
i L f— | q — —
= £ i \\ a Dv- ElS Ca | |
= I15C o i -y E IC R P .
o a lithium plating !
G M| detection Orclg = ing mechanism Direct Integral ~ Damaged
RUL prediction analysis measuremeant
Approved |
:r Information system Rejected T
I 1 —
réomarce Sy || T
| testdata analysis | 0 B ’ R ATty E 100 0o
; Mechanism oo W conirol — W11}
i analysis 1P BMS = H .
I ault nd_|
| Simulztion i Regrouping ,-C SRy
: R I Recycling Disposal

Step #4: Sorting and regrouping

A general overview of the repurposingprocessant its s

(ZhuJ,2021))

Cables &
connectors components

e e e e e e e e e e e e e
Reusing as systems or modules \ /

' R

P - f L
IIIIIIII BattEw

Electronic Enclosures Cooling Fasteners Cells
plates

Wi
Wi

Step #5: Developing control
strategies for 2"%-life applications



Eco design

Challenge 6

Electric vehicle battery packs are designed
for low cost and weight. As a result, they
are difficult to remove from the vehicle and
to disassemble for repairs,
remanufacturing, and repurposing.

Funded by
the European Union
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Cutaway of the 2019 Nissan leaf e+
(bottom) battery pack and (top) battery
module(NissanMotor Corporation 2023.



Safety and reliability

Challenge 7

The public may have a negative opinion of
EV battery repurposing for BESS, as the
opinion is that the fire risk and hazards are
especially prevalent and dangerous.

Challenge 9

End of life batteries may be damaged and
a fire hazard. Before they are evaluated,
they must be collected and stored. During
this phase, there is a high risk of handling
batteries.

Challenge 8

Reliability of 2"d life BESS is a concern
due to the potential for sudden loss of
energy capacity in lithium-ion batteries.

Challenge 10

Insufficient knowledge regarding design
requirements for battery rooms, including
construction materials, fire extinguishing

systems, ventilation, size of room, access
and location in building.

Funded by
the European Union
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Recommendations and solutions




EU Battery Regulation

AFeb. 1st, 2027: Battery Passport will be
mandatory for all batteries larger than 2 kWh

ATypical information contained in the Battery
Passport:

A Chemical composition, technical specifications,
production history

A Carbon footprint based on standardized LCA
A Raw materials origin, supply chain due diligence

A Social and environmental risk indicators,
Including human rights metrics

A Instructions for recycling stakeholder to ensure
safe and secure handling and recycling
procedures

TREASoURCcE




Battery passport and circular v
economy

TREASoURCcE

AAccess to historical user data will make
re-use and 2" [ife easier and less costly

AMore transparent value chain enabling
easler access to information regarding
sustainability, GHG emissions, due
diligence, materials origins, etc.

ADegree of recycling will increase, and
costs will decrease

ATraceability and stricter requirements for
documentation will make it more difficult
to promote and sell batteries with high .
environmental footprint




Safety and accelerated V_
\ /1 uptake of 2 " life BESS TREASCURCE

A There is a need for standards and recommended best
practices for
A Risk assessment of larger BESS installations

A Design of battery rooms and criteria for ventilation, construction
materials, detection and suppression systems, etc.

A How to handle a thermal event, both during and after the event
A Training of end users and operators of BESS

A More knowledge is needed to establish these guidelines

A Lack of laws regulating trading of new and used
batteries is a huge safety concern and can lead to
severe incidents that can cause economic losses and
loss of life.

'



ECO 'deS|gn1 reCyCIIng TREAS\%RCE
and reuse

A Implement quantitative targets for reuse of EV batteries

A Provide incentives or subsidies for manufacturers to
invest in repurposing technologies and infrastructure

A Facilitate the use of recycled batteries by introducing
incentives for the end users

A More standardized solutions for battery systems in
electric vehicles should be enforced, limiting the use of
glues, epoxies, or welding

A Need clear guidelines on responsibility for collection and
recycling

A Facilitate collaboration between industry stakeholders,
end users and researchers to share information and
knowledge

Funded by
the European Union



Policy brief TREASoURCE

" . OI |Cy b ri ef TREASOURGE

Guidelines and standards

For increased safety in installation and operation of batteries TWO S p e C ifi C re CO m m e n d ati O n S

With the global development of renewables comes a need for flexibility. The deployment of intermittent
electricity production systems like wind and solar is facilitated by large-scale development of energy

?;‘:Ligreeiiﬁf;fg;)?:Z.Sp:hl‘gsvt:ai:)g)gaﬁzr?s. The installed battery capacity has increased drastically p u b I i S h e d i n a p O I i Cy b r i ef :
1. Regulatory framework for battery rooms
u 0 A Critical factors include room size, location in

=]

building, ventilation, explosion protection,

European Union

construction materials, fire, smoke and gas

China

R detection, and suppression systems

_ 2. Minimum requirements for training of
SO e building maintenance staff and BESS

As of 2023, over 40 GW of battery storage capacity is available globally, and the |EA foresees that this O e rato rS
number will need to be multiplied up to 14 times by 2030. In parallel, due to the increased pressure on

critical raw materials and the resulting environmental and ethical issues, interest in second-life batteries

has grown. While EV batteries are often deemed inadequate for further use in vehicles at 70-80% capacity,

they can still serve stationary storage purposes. In 2025, the global second-life EV battery market was

estimated at USD 2 billion, and by 2034 this is predicted to increase to USD 12.42 Billion. Increased uptake

of second-life batteries would greatly improve the degree of circularity in the battery value chain, illustrated

in Figure 2.

Funded by
the European Union




Summary TREASoURGE

AThe battery market is still changing rapidly, both in terms of
technology, design, regulation, market

ADemand for batteries is increasing

ABattery pack designs not standardized across manufacturers;
complicates repurposing and recycling

ARepurposing of batteries is time consuming and complicated,
standardization and Battery Passport should help

ABattery system installation "best practices" are not well
established, especially for battery rooms
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Battery Energy Storage Syst
Demonstrations and Econo
Evaluations (13:20-13:40)

Jacob Hadler-Jacobsen (SINTEF)



Overview

APart 1: What makes a site good for BESS?
APart 2: The three demo sites in this work
APart 3: Economic evaluation
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Part 1: TREATSvoURcE
What makes a site good for BESS?

the European Union
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A good site for BESS TREASOURGE

APeak shaving
ATime-shifting
ASolar support
AGrid services
AAnd more

the European Union




Part 2: TREASvoURcE
The demo sites




Rudskogen race circuit TREASOURCE
ACapacity: 120kWh, max power: 60kW

SR - — i J.
= e — —_—

—

Photo: Thomas Engeset
Photo: Stein Cato Rgsnaes
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Trosvik school TREASOURGE
ACapacity: 80kWh, max power: 40kW

Photo: ReCube Photo: Solcellespesialisten

Funded by
the European Union



J

Lempaala TREASOURCE
ACapacity: 80kWh, max power: 40kW

Photo: ReCube

RSN Funded by
S the European Union




Part 3: TREASvoURcE
Economic evaluation

the European Union
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Rudskogen race circuit TREASOURGE
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Rudskogen race circuit, peak shaving TREASOURCE

7000 = Theoretical peak savings
= Obtained savings
6000
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4000
b4
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=
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Rudskogen, theoretical total savings TREASOURGE

= Obtained savings
= Theoretical time-shift savings

10k = Theoretical peak savings

OI II|||I|\|||‘|I|||
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2
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20 2 < 20 < 2
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Rudskogen, theoretical time -shifting TREASOURCE
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Trosvik school TREASOURGE
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Trosvik school TREASOURGE

= Obtained savings

2500 = * Theoretical solar support savings
= Theoretical peak savings
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Lempaala  TReascuree




Lempaala

100 = Obtained savings

= Theoretical peak savings
80
60 ‘ | ‘
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Comparison theoretical savings TREASOURCE

= Obtained savings
® Theoretical time-shift savings
600 = Theoretical peak savings

700

500

400

Lempaala Rudskogen Trosvik

Site
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o
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o
o
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Summary TREASoURCE

AChoosing the right site is key, factor five in savings
AMany types of savings to be captured

AElectricity pricing matters

ABess can be profitable

ASecond life BESS vs new BESS
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Macro -economic Assessmet
(13:40-14:00)

Meron Assefa Arega (SINTEF)



Macroeconomic assessment of value
chains for a second -life battery market

A Second-life batteries create both a circularity and
an industrial opportunity

I Growing EV uptake leads to more batteries

reaching end Of Ilfe D4.3 Macro-economic assessment of a

I A share of these batteries can be reused in second life battery market
stationary applications instead of being directly
recycled

A FOCUS_ use Of Second—l |fe EV batterles |n batte ry WP no and title \;mg:g;nEMOs: Batteries reuse & recycling value chain

Lead Beneficiary
Responsible Author(s) Meana S. Simas, Meron Assefa Arega, Adrian Tobias Werner

energy storage systems (BESS) in buildings in Comnutot
Norway

This document contains the D4.3 Macro-economic assessment of a second-life battery market
for the TREAScURCE project (Grant Agreement No. 101059491).

A Core question: What are the effects on the
economy of establishing a second -life battery
market in Norway?

Funded by
the European Union




Method TREASoURCE

ASUMS-Norway: Supply-and-Use Models for Sustainability
Analysis

A Macroeconomic input-output model developed in SINTEF
I Family of JTAM: Just Transition Assessment Models

A Used to assess short - and medium -term effects of policies, technology
use, and changes in value chains

A Previously applied to assess impacts of circular policies for plastics, textiles,
waste-to-energy, and public green procurement, among others

A Adaptable to other countries and value chains:

I So far developed for 10 other countries for assessment of climate policies
& circular economy

Funded by
the European Union




How does SUMS -Norway work?

A Based on a 2022 snapshot of the Norwegian economy
from Statistics Norway (SSB), showing monetary flows
between industries and products:

I captures how industries are connected and how
changes in one sector affect others

A Uses what -if scenarios to compare a baseline without
repurposing to a scenario with a second-life battery industry

A Demand -driven model : traces how investment and demand
changes in the new industry spread across the wider economy,
compared with direct recycling after vehicle end-of-life

A Dynamic model : projects developments from 2023 to 2040

A Model outputs: impacts on national GDP, jobs, and GHG
emissions

Funded by
the European Union
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A
Two socio -technical pathways for EV battery TREAchE
availability & building battery demand =

\i’ I NTRANS

sl

Social Change Pathway Technological Change

(SOC) SEINEVAQR=® )

- Stronger social and institutional change  , but - Faster technological progress , but lower
slower technological progress than in TECH societal change than in SOC

- Greater reliance on social innovation, smart - Higher economic growth driven by new
solutions, and circular -economy approaches industries and higher transport activity

- Lower overall energy demand - Lower battery costs and wider deployment of

- Lower transport demand  due to digitalisation, clean technologies

optimisation, public transport, car sharing, cycling, - Higher uptake of passenger EVs and BESS in
and walking buildings

- Fewer privately owned vehicles and lower uptake
of batteries in buildings

g Funded by
the European Union
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Scenarios of second -life EV batteries
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Baseline scenario

- All used EV batteries are sent to recycling after first life
- All batteries used in buildings are first-life batteries

Repurposing scenario

- After first life, a share of EV batteries is repurposed for
second-life use

- When available, buildings use second-life batteries

- Total demand for battery energy storage (BESS) is
unchanged (repurposing substitutes first-life batteries)

I O0SLIEyOS NYGS | gsNE N

Sensitivity analysis

- Repurposing rate: share of EV batteries diverted to
second-life use

- Acceptance rate: share of buildings willing to use second-
life batteries

- These parameters determine the uptake of second-life
batteries




Scenario implementation: value chains for battery \@
repurposing & recycling in Norway TREASoURGE

A New value chain activities in the
Norwegian economy:
T Collection of used EV batteries

I Battery repurposing for building-integrated
energy storage (BESYS)

I Battery recycling (pre-treatment in Norway)

A Key assumptions
I New first-life BESS batteries are imported

I Repurposed batteries are supplied
domestically

I Recycling capacity in Norway is capped
at 12,000 tons of EV batteries per year
(until 2040)

T Black mass & recovered metals are
exported for further refining

Funded by
the European Union
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Total economic impacts of battery collection, (3
repurposing and recycling in Norway

TREASoURCcE

SOC
5000

= Baseline

A Total direct value added (GDP) in the battery industries,

plus indirect (spillovers) in the rest of the economy by
2040:

4000 T FlulL.acceptance
= | |Mited acc.

3000

Million NOK

2000

-ca 4 billion NOK (~ 400

mi | |
- ~ 0.05% of the Norwegian economy

1000

A Contribution by battery value chain activities ~ 35%:
’ - 20% from EV battery recycling
- 14% from EV battery collection
- 1-3% from battery repurposing

2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040

5000

A Spillover effects of the rest of the economy is ~ 65%,
4000 mainly services
3000

A Sensitivity:
A Larger gains in TECH than in SOC

A Full acceptance gives more gains than limite
. acceptance

2000

Million NOK

1000

2025
2026
2027
2028
2029
2030
2031
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Effects of repurposing scenario vs baseline
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TREASoURCcE

Repurposing increases GDP and
employment, especially after 2032

Effects are stronger in TECH than in
SOC

Limiting the size of repurposing
market (limited acceptance) matters
- Full acceptance Y

-Li mited acceptanc
negative short-term effects

From 2032, recycling capacity is
saturatedinNorway Y excess
batteries exported

GHG emissions rise due to higher
economic activity, not repurposin
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Economic and employment impacts vs baseline R EASURLE
by economic sectors, 2040

Difference in GDP, 2040
A Battery repurposing is a visible new

S e source of value added and jobs
§ 100 A Indirect economic impacts on the rest of
SOR—— | I = B the economy dominates :
Primary sectors Ilrr.l'néill.dsétl:.lyg Service sectors E:élﬁ;;;cée:y re;art;z;};ng | 60% Of tOtaI |ncreased GDP
s I 45% of increased employment in
mSOC mTECH Norway
Difference in employment, 2040 A Sectoral impactS'
250 n = . u »
,, 200 I LargeSt gains In service sectors
g 1% i Additional gains in industry and
& 5 collection activities
0 -m N - .
Primary sectors Industry, Service sectors  EOL battery Battery A TECH ShOWS |al’gel’ |mpaCtS than SO
including utilities collection repurposing

mSOC mTECH
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Employment (persons) by education and expertise TREASCURCE
background, TECH, full-acceptance scenario vs baseline,
2040

A Employment gains are uneven among
education and skill groups

A By education level:
f I Largest increases in upper secondary and
( vocational education

I Smaller impact for higher university
degrees
A By skill group:

o o reratontect I Strong demand for technical and craft-
rima ower sec m Economy, administration

:Upper secondary"mdtr'ideschool = Crafts, technical, natural sciences related Skl”S

ity (upto 4 yea Primary sectors
University (over 4 year. s) = Services

-Unknown or no completed education = All others | MOderate grOWth |n admInIStrathn and
general subjects
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Conclusions TREASOURGE

Alncreasing second-life use generates moderate, but positive impacts  in
the Norwegian economy:

I Impacts extend beyond battery related activities through indirect
effects on the rest of the economy

I Employment gains are concentrated in medium skilled and technical
occupations

ARepurposing delays recycling , shifting recycling activity to later stages
of the value chain:

I This can improve resource efficiency and ease short-term pressure on
recycling capacity and logistics



L

Limitations and uncertainties TREASoURGE

AThe analysis captures impacts within Norway only:

I Downstream effects (e.g. exports of EOL batteries and black mass) are
not fully included

I Upstream impacts (e.g. battery production) are outside the system
boundary

APrices and cost structures for repurposed BESS vary by scale, location
and time

AThere is limited specific data for recycling and repurposing industries for
Norway

A Results are sensitive to price assumptions, while prices are treated as _
fixed over the modelling period
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Sustainability aSSeSSment‘
14:25)

Tomas Slany (Green Delta)
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Sustainabllity assessments specification TREASOURCE

AUnderstanding sustainability of the repurposing of EV batteries for
stationary application (Demo site level vs Regional level)

/

a

AAIl processes occuring during the
life cycles of EV batteries and
stationary systems

A Analysis of systemic factors
influencing the KVCs
(context)

O\NIETNIS A Material flow modelling
ARegional scope

Life Cycle

SUSEIEWIVAN A vironmental impacts
REREESINEN I ASocial impacts

AEconomic impacts

Funded by
the European Union
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Sustainablility assessment method

Context-specific sustainability

=, 7\
» + oPenLca ) assessment of different scenarios over
\_/ time

System dynamics

Glrna Warming Palental (HOPE)

orentca openLCA
bt

System dynamics model

tCO2 e

o

176
WiEErs

"3

B s — Base Ca5e
= Technoiogical dessiopmeant & Irvestment

—— Gov. suppart & sacietal shift
—— [Enfarcing recyTing raies
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Goal and scope - DEMO site TREASOURGE

AGoal:

AAssess and understand the
sustainability of repurposing EV
batteries into stationary BESSs from a
single installation perspective

ADecision makers:
ABESS owners

AScope:

ADEMO site BESS installations
(Lempéaala, Trosvik, Rudskogen)

AFunctional unit: 1 kWh delivered to the
grid

North Sea




R

Goal and scope - Regional assessment rreasouree

AGoal:

AAssess and understand the regional
sustainability of repurposing EV batteries
Into stationary BESSs

ADecision makers:
AMunicipalities, policymakers

AScope;:
A Stor-Oslo region

A4 battery chemistries (EV, ESS,
repurposed)
ATime period: 2025-2070

https://lwww.regjeringen.no/no/dokumenter/stmeld-nr-31
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Results T DEMO site LCA TREASOURGE

BESS impacts comparison, Lempaéla (Fl) & Rudskogen (NO)

Alst life BESS
has consistently
° higher impacts

. than the 2nd life
AAllocation of 1st
I life impacts

0%

20% ’ ®<\\° \\o
-20% o
% N ‘o @ N
@é@, ~f\‘® 0’& g Q;\o\ g @‘0\ v \Q}@\ g 0}*\0
9 & . & & N &
Nl % O Q 2
3¢ & 2 & & g
(000 3 <O c;\\ \§0 &'b
Qf.)o (be \O.\) rgo &0
*\ \2\0 & \Q@ Q’b
2
\q \)é\ Q}\
Q,Q Y @'5\
| empéala, 1st life u | empé&dla, 2nd life (cutoff) Rudskogen, 1st life m Rudskogen, 2nd life (cutoff)
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DEMO site LCA: Hotspot analysis TREASOURGE

Total climate change impacts (kg CO2 eq.) (per kWh electricity delivered)

o . ABESS production

dominates the
Impacts for the

R 1st life BESS

— AEnergy loss

dominates the

o T impacts for the
i ] ) e )

2nd life BESS

-0,01

-0,02
Lempéala, 1st life Lempé&ala, 2nd life (cutoff) Rudskogen, 1st life Rudskogen, 2nd life (cutoff)

m 1st life production ®Repurposing ® Transportation Use phase mEoL collection m®EoL recycling



Results T Total BESS stock In use TREASOURCE

AStatus-quo

A10x increase in repurposing capacity

[J 1stlife LFP [0 1stlife NMC [ 2nd life LFP
[0 2ndlife NMC [1 2ndlife LMO [J 2nd life NCA

E Total stationary BESS capacity at use E Total stationary BESS capacity at use

200k 200k
= =
Z z
2 z
8 100k @ 100k
Q. [« %
© (o]
(8] Q
3 2
L]
& 5
m m

0 0
0 10 20 30 40 0 10 20 30 40
Years Years

[J 1stlife LFP [0 1stlifeNMC [0 2ndlife LFP
[0 2ndlife NMC [ 2ndlife LMO [J 2ndlife NCA
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Results 1

INncreased reuse rate

TREASoURCcE
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S . .
=l EV NMC battery recycling E & EV NMC battery repurposing
200k Bk ;o
. |
| .
' |
] .
' |
— —_ I .
- = : 1
; g | .
=3 = :
£ z
g 100k S 3
% o
3 S
% =
£ =
® 3]
m m
0 = 0
0 10 40 0
Years Years
— Status quo - - Increased reuse rate —— Status quo - - - Increased reuse rate




Carbon footprint KVC results TREASOURCE

Accumulated carbon footprint for NMC value chain Accumulated carbon footprint for LFP value chain
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Carbon footprint KVC results TREASOURCE

Total carbon footprint of LFP and NMC stationary BESSs

2,50E+07 Accumulated carbon footprint per kWh delivered by
BESS
0,3
__2,00E+07 .
o =
3 E 0,25
8 a 0,2
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E 8 015
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8 1,00E+07 = ol \
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£ 8 005
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0,00E+00
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Carbon footprint [kg CO2 eq.]

Carbon footprint KVC results TREASOURCE

Carbon footprint for NMC KVC scenarios
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Mandated reuse (50%)

Repurposing capacity increase & mandated reuse

Carbon footprint for LFP KVC scenarios
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Carbon footprint KVC results TREASOURCE

Carbon footprint of delivered energy for NMC KVC Carbon footprint of delivered energy for LFP KVC
scenarios scenarios
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Conclusions TREASoURGCE

AObserved patterns

A Repurposed BESS enables sta_tionar\éenergy storage with lower environmental
burden compared with the 1st life BESS

A Overall impacts of BESS life cycle are expected to decrease over time
A Recycling credits decrease over time as well
A Regional value chain impacts are driven primarily by EV batteries

A Recycling provides a significant credit for NMC batteries, while only a limited credit for
LFP batteries

A Opportunities and barriers

AMandated reuse Y increased battery
ARepurposing capacity increase Y | i mi
AEV batteries exceed demand for stat ]

by EV battery life cycle management
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Repurposing Electric Vehicle
Batteries : Evaluating Transfera
Potential (14:25-14:40)

Noman Shabbir (Researcher, Tallinn University of Technolc



End-of-Life Is Not End -of-Value @

TREASoURCcE

Battery capacity in %

ATypical automotive lifetime: 8i 12 years ' \
+ End of use in the car

|

A Significant residual capacity remains. o
AEV Batteries Retain 70i 80% Capacity |
I

I

|

I

AReuse sits above recycling in circular ~ *

economy hierarch
First Life Second Life Recycling

Use in electric car Use as energy storage

30




Raw Material 53

l TREASoURCE
Battery
Manufacturing

!

First-Life in EVs
(5-10 years use)

!

EV batte. ry End of Automotive Life
Repurposing (70-80% capacity)
Repurposing Recycling
(Second Life) (Material Recovery)

!

Stationary Energy Storage Applications:

- Residential ESS

- Commercial/Industrial storage

- Grid balancing, peak shaving, frequency control
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PROS vs CONS

Lower cost PROS & CONS

Unclear Liability

Loack of Harmonized

Energy Resilience & backup Standard

Second-life
Flexibility for RES Batteries Safety & Fire Risk

. Data & Traceability Gaps

Permits & Grid Connections

Circular Economy

New Local Value Chain

Funded by
the European Union




Repurposing value chain

o Collection

OEM / dismantlers
logistics & storage

Key idea

=0

Diagnostics

SOH tests
data & grading

=)

o Remanufacture

Module selection
BMS + enclosure

Repurposing succeeds when data + diagnostics + safety design are integrated
across the full lifecycle (from first-use history to second-life operations and end-of-
life recycling).

Funded by
the European Union
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Deployment

Integration
O&M + monitoring




Use Cases that Work Well

A Residential/community storage:
self-consumption and backup (smaller scale).

ACommercial & industrial: peak shaving, demand
charges, PV smoothing.

AMicrogrids & critical loads: resilience, islanding
support.

AGrid edge: congestion relief, transformer
deferral (utility partnership).

\»
TREASoURCE

Sizing heuristics

e Energy (kWh): duration

requirement
e Power (kW): peak &
ramp needs

e Cycles/year: drives
remaining life

e Temperature profile:
derating
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Recommendation for Estonia
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Introduction TREASoURGE
The study explores the Estonian perspective on repurposing EV-batteries as ESS

(stationary energy storage systems).

What are the barriers , opportunities and policy needs?

A 7 focus group and individual interviews with different stakeholders

Alonsitewor ks hebpatfitBEeM i es as Energy Storage Syst

o 10 participants representing: the Estonian Rescue Board, the Ministry of
Climate of Estonia, the energy company, the Consumer Protection Board,
Producer responsibility organisations.

Funded by
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Questions needs answer g

TREASoURCE
AWhen does a retired EV battery become

A Who is responsible for safety: OEM, repurposer, installer, owner/operator?

A What data must be shared (battery passport, diagnostics, incident reporting)?
A Permitting: building/fire approvals, grid connection, market participation rules.

A Producer responsibility and take-back obligations at second end-of-life.



Insights from Estonian stakeholders ()

TREASoURCcE
ABroad Support but Fragmented Readiness

ARegulatory and Role Ambiguity in Installation

A Safety and Responsibility as Central Concerns

A Second-life Battery Quality: Data, Oversight and Classification Barriers
AEducation, Training & Insufficient Technical Infrastructure

AMarket Potential

Funded by
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Recommendations

ADevelop a National Regulatory Framework for Second-Life Battery
Governance

ADevelop Pilot Projects and Risk-Mitigated Demonstrations
AEstablish Testing and Refurbishment Capacity in Estonia

Almprove the Awareness on Topics of Producer Responsibility and
Ownership Transfers

AAdapt and Adopt Nordic and EU Standards
AEducate Installers, Inspectors, and Emergency Services
APromote Cross-Border Knowledge Exchange and Consortia

TREASoURCcE
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Criteria for Transferability
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