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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 2-201: Unit parameters and testing methods — Review of testing for
battery energy storage systems (BESS) for the purpose of implementing
repurpose and reuse batteries

FOREWORD

1) ['he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
bll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatipnal
Co-operation on all questions concerning standardization in the electrical and electronic fields. To this end fand
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repgrts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as HEC Publication(s)"). Their
breparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt vith
may participate in this preparatory work. International, governmental and non-governmental organizations liaiging
vith the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreemént'between the two organizations.

2) ['he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatipnal
Consensus of opinion on the relevant subjects since each technical’ committee has representation fron] all
nterested IEC National Committees.

3) |EC Publications have the form of recommendations for international use and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are-mjade to ensure that the technical content of [[EC
Publications is accurate, IEC cannot be held responsible\for the way in which they are used or for [any
misinterpretation by any end user.

4) |n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatfons
ransparently to the maximum extent possible in their national and regional publications. Any divergence between
hny IEC Publication and the corresponding natiomal or regional publication shall be clearly indicated in the lajter.

5) |EC itself does not provide any attestation of,conformity. Independent certification bodies provide conformity
bssessment services and, in some areas,(access to IEC marks of conformity. IEC is not responsible for|any
Gervices carried out by independent certification bodies.

6) All users should ensure that they have.the latest edition of this publication.

7) No liability shall attach to IEC or-its directors, employees, servants or agents including individual experts [and
members of its technical committees and IEC National Committees for any personal injury, property damagge or
bther damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal fees) [and
bxpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other [EC
Publications.

8) HAttention is drawn-to.the Normative references cited in this publication. Use of the referenced publications is
ndispensable faor the correct application of this publication.

9) |EC draws attention to the possibility that the implementation of this document may involve the use off (a)
batent(s). /EC takes no position concerning the evidence, validity or applicability of any claimed patent righ{s in
espect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be'réquired to implement this document. However, implementers are cautioned that this may not repregent
he/atest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
hall not be held responsible for identifying any or all such patent rights.

IEC TR 62933-2-201 has been prepared by IEC technical committee 120: Electrical Energy
Storage (EES) systems. It is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

120/366/DTR 120/379/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62933 series, published under the general title Electrical energy
storage (EES) systems, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
spgcitic document. At this date, the document will be

e [reconfirmed,
e |withdrawn, or

e |revised.

IMPORTANT — The "colour inside" logo on the cover page of this'"document indicates
that it contains colours which are considered to be useful forthe correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Battery energy storage systems (BESS) will become an important component of the energy
infrastructure in the future as energy demand increases and the transition to sustainable power
sources continues. Designing BESS using repurpose and reuse batteries requires a
multidisciplinary approach that balances technical, economic, environmental, and regulatory
considerations. This document reviews test methods and evaluations related to repurpose and
reuse battery integration into BESS. As society seeks solutions to manage the dual challenges
of energy storage and waste reduction, BESS evaluation methods become important. This
report examines the obstacles to battery reuse based on the legal context and examples and
ainjS 1o provide valuable insights that tacilitate decision-making more efficiently.



https://iecnorm.com/api/?name=270ed846d1294c27d65dfab3301db7bb

IEC

TR 62933-2-201:2024 © IEC 2024 -9-

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 2-201: Unit parameters and testing methods — Review of testing for
battery energy storage systems (BESS) for the purpose of implementing

repurpose and reuse batteries

This part of IEC 62933, which is a technical report, focuses on the necessity of using repurp

ang
col
bus
derji

BEBS, considering the anticipated future deployment of BESS!.

2

There are no normative references in this document.

Fof

1SQ
adq

3.1

baftery energy storage system
BESS
eleptrical energy storage system with an accumulation subsystem based on batteries W

Se(

Note 1 to entry: < Battery energy storage systems include flow battery energy systems.

3.2
rey

Scope

reuse batteries in BESS. This document also illustrates, through case studies.from vari
ntries, how repurpose and reuse batteries are regulated as per legislatiom) ‘Furthermg
iness examples of BESS using repurpose and reuse batteries are investigdted and iss
ved in terms of both the design, manufacturing, testing, operation, and maintenance

Normative references

Terms and definitions

the purposes of this document, the following:terms and definitions apply.

pse
pUS
re,
Hes

and IEC maintain terminology databases for use in standardization at the followling

resses.

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform:-available at https://www.iso.org/obp

ondary cells

se

th

lication
HCSHOR

op

oot

1 Companies and products named in this document are provided for reasons of public interest or public safety. This
information is given for the convenience of users of this document and does not constitute an endorsement by

EC.


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=270ed846d1294c27d65dfab3301db7bb

-10 - IEC TR 62933-2-201:2024 © |IEC 2024

3.3
repurpose
utilize a product or its components in a role that it was not originally designed to perform

Note 1 to entry: This action deals specifically with products and assemblies and not materials, which fall under
recycling.

Note 2 to entry: In some cases, repurposing will lead to a substantial modification, i.e., a new product which has to
be placed on the market.

[SOURCE: ISO 8887-2:2023, 3.32]

3.4

baftery module
grolup of cells connected together either in a series and/or parallel configuration with' of withput
proftective devices (e.g. fuse or PTC) and monitoring circuitry

[SQURCE: ISO 7176-31:2023, 3.3, modified — the term “module” has beensremoved.]

3.5

baftery pack
engrgy storage device that includes cells or cell assemblies qnormally connected with ¢ell
eleptronics and overcurrent shut-off device including electricalminterconnections and interfaces
forlexternal systems

Note 1 to entry: Examples for interfaces are cooling, high voltage;,auxiliary low voltage and communication.

[SQURCE: ISO 18300:2016, 3.11, modified — thé term “lithium-ion battery pack” has bgen
renmpoved.]

3.6
baftery management system
BMS

eleftronic system associated with a-battery which has functions to maintain safety and prevent
damage

[SQURCE: ISO 7176-31:2023,73.5]

3.7
baftery rack
supgport, stand qr 'grating with one or more levels or tiers for the installation of cells or moho-
blop containerssin a stationary battery

[SQURCE-NEC 60050-482:2004,482-05-24]

4 n 1 ol
DAUVRAYIoUuUIiu

4.1 BESS market trends

The demand for storage batteries is expected to increase further in the future due to the
following reasons:

e A study conducted by the National Renewable Energy Laboratory called the Renewable

Electricity Futures Study [1]2 showed the predicted storage needs in relation to increase of
renewable energy (RE) incorporated into electric grid.

2 Numbers in square brackets refer to the Bibliography.
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Dis

By 2050, storage capacity was estimated at 28 GW in the Low-Demand Baseline scenario,
31 GW in the 30 % RE scenario, 74 GW in the 60 % RE scenario, and to reach a 90 %
renewable energy scenario that included 48 % wind and solar required for around 140 GW
of installed storage capacity.

As the percentage of RE connected to grid system is increased, the need for storage
increases accordingly.

In general, RE is often an unstable power supply. It is considered effective to temporarily
accumulate RE in BESS for the purpose of stable supply and to utilize it as needed.

tribution grid operations can be improved by means of a BESS.

For
eng
pro
cor

Ac
me

battery production capacity is expected to increase by)400 % over the next 10 years.

4.2

Blo

Network congestion: In locations where network capacity is limited during peak renew{ble
generation hours, a BESS can store the excess energy and release it into the network when
renewable generation reduces.

Power quality: A BESS can be used to absorb the excessive supply of renewable enefrgy
and keep the voltage below the upper limit prescribed in the grid code. The BESS can|be
either a grid-tied or a behind-the-meter installation.

transmission network operators, a key concern arising from the-integration of renewable
rgy sources is the effect of the variability and intermittenceof ‘generation. The varipus
blems created can be addressed with the help of BESS such _as: forecast errors, netwprk
gestion, and increased ramping requirements during peakours.

ording to a report [2] by Benchmark mineral intelligepce predicting how lithium-ion battery
gafactories around the world will increase their production capacity toward 2030, lithium-ion

The motivators of this increase are the demand for EVs (electric vehicles) and the progress
of electrification in industrial equipment.

Bloomberg's forecast of lithium-ion battery demand and market shares for automotive,
consumer, and stationary applications [3] indicates that the market share for stationjary
storage batteries will remain around 10 % of the total battery market, but total demand will
increase significantly to nearly 2~ TWh.

According to an IEA report on“global electric vehicle sales from 2010 to 2021 [4], the to¢tal
number of electric vehiclés’'on the world's roads in 2021 was approximately 16,5 million,
three times the numberf in"2018.

The IEA's forecast of the global electric vehicle stock for 2020 to 2030 [5] shows that the
global electric vehicle stock continues to grow strongly and is expected to reach 175 million
units by 2030(The availability of large battery capacities is an opportunity, especially if
second-life_applications are considered and can be a motivation to explore synerdies
between €lectro mobility and battery storage to support renewable energies further.

Issues on battery supply

omberg NEF forecasts metal demand for lithium-ion batteries from 2020 to 2030 [6],

pre
17,

dicting that demand for the key element in LIB cathodes will increase each year and exceed
5 million tons by the end of the decade. Demand for lithium is set to grow the fastest, surging

more than sevenfold between 2021 and 2030.

Int

he lithium metal supply and demand forecast scenario reported by Shekhar et al [7], lithium

metal demand shows strong growth.

Lithium supply and demand can be considered adequate through 2020, but supply and demand

are

expected to tighten in the future.

After 2026, it is projected that it will be essential to systematically increase the supply of lithium

rap

idly from the planned 100 000 tons to a value matching the demand.
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The price trend of lithium carbonate in China (Shanghai market) [8] shows that lithium carbonate
prices have increased significantly in recent years and are not stable.

Effective supply-demand balancing will require the reuse of waste batteries.

GLOBAL PRODUCTION IN 2021 GLOBALDISTRIBUTION OF ESTIMATED COBALT
Other countries United States RESERVES IN 2021
Papua New Philippines 4.0% (L —
Guinea 2.7%_ Russia Lft e Papua New_Philippines Other countries ynited States
1.8% Moro::cu 4.6% 24 Ca Guinea 3.4%__ Russia 8.0% 0.9%

4%

0.6% Morocco 3.3%
0.2%

Australia
18.3%

Madagascar

ar

1.3%
Indonesia
7.8%

Indonesia
1.3%
Cuba
2.4% Cuba
Congo 6.5%
(Kinshasa)
72.6%

Copgé
(KinSha\a)
45.8%

IEC IEC

a) Global cobalt production in 2021 b) Global distribution-of 'estimated cobalt
reserves)in 2021

Figure 1 — Regional bias in natural resource reserves

Figure 1 (a) and (b) shows cobalt production and reserves.in 2021. The earth's cobalt resourges
ampunt to 25 million tons (USGS, 2022) [9].

Mogt of these resources are located in the Copperbelt, a mining area that includes part of the
Kaptanga Province in the Democratic Republic.0f*the Congo (DRC).

Considering the production of cobaltxis about 170 ktons/year, unless a tremendopus
imgrovement in cobalt production, shortage of Co is apparent.

4.3 Motivation for the use of reuse batteries

As [one way to compensate fon'the lack of resources, the use of batteries that are no longer
negded in primary use is considered to be effective.

As [electrification adyances, the amount of battery waste increases.

Somme of the used batteries are said to have residual performance that meets the requiremgnt
for|secondary/use.

Esfimates of the number of waste batteries and where they originated [10] indicate that a la
and rapidly growing number of waste batteries are being generated not only from EVs but a

histories and are expecte

d to be distributed in the market in various forms.

4.4 Configuration of reuse batteries

There are key stages in the typical process of secondary use of used electric vehicle (EV)
batteries (e.g., https://global.nissanstories.com/en/releases/4r). The stages include dismount
battery pack from EV, refurbishing for reuse, integration of reuse batteries.

Given that the batteries in EV vehicles are in a packed state, the level of refurbishing process
affects how the batteries are reused. Specifically, whether the battery is in the smallest cell
state, the module state, or in the pack state affects how reuse batteries are incorporated into
the secondary use system.
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The cell comes in several standard shapes, providing the advantage of utilizing the existing
assembly process. On the other hand, if refurbishing costs are taken into account,
disassembling down to the cell level can be disadvantageous, especially when aiming for cost-
effective reuse batteries.

Since modules and packs are often equipped with circuits designed to control cells, it is
essential to ensure that accurate control remains feasible within the secondary use system.
Additionally, in most cases, the shape of module and packs conforms to their original purpose,
therefore potentially necessitating considerations to rebuilding for secondary use.

Thére exists a substantial Tikelihood of encouniering batteries with various shapes within fthe
reuse battery market, demanding careful attention during their secondary use [11] (see'|for
exgmple: Recycling 2016, 1, 25-60; doi:10.3390/recycling1010025).

5 | Regulatory trends of repurpose and reuse batteries

5.1 Overview

Regulatory trends on repurpose and reuse batteries vary betweén)'fegions and countiies
reflecting differences in economic, safety and other environmental priorities (see Table|1).
Clguse 5 provides a general overview of regulations in different regions. It is importan{ to
understand the regulations change over time. For accurate 'and up-to-date information, it is
recommended to refer to official government agencies respensible for these issues.

The purpose of Clause 5 is to understand how varying regional regulations shape criteria|for
evdluating the efficiency, reliability and performance of BESS using repurpose and relise
batteries. It is also aimed to gain an understanding of evaluation methods needed to balance
between compliance requirements and sustainable energy solutions.

Table 1 — Regulatory trends on repurpose and reuse batteries of different regions

Rggion Regulatory trends

EU COM(2020) 798 final:

e The EuropeannCommissions adopted a draft regulation on batteries and waste batteries
(COM(2020%798) to replace the current Battery Directive (2066/66/EC). The final document
came into force as EU Battery Regulation 2023/1542 in August 2023 [29].

US National Blueprint for Lithium Batteries 2021-2030
. Establishing a domestic supply chain for lithium-based batteries.

© Solve breakthrough scientific challenges for new materials and developing a manufacturing
base that meets the demands of the growing EV and electrical grid storage markets.

Ghina,“-YPromulgation of new energy vehicle power storage battery cascade utilization management
measures (2021)

. Strengthen management and clarify responsibilities for EV battery recycling (including
repurpose and reuse).

. Companies cascade usage according to standardization.

Japan |Amendment to Ordinance for Enforcement of the Recycling Law for Electronic Products, etc.in
2021

. Promoting the construction of a collection, storage, and reuse system for used EV batteries.
Study Group on Sustainability of Storage Batteries in 2022.

. Consideration for building a sustainable storage battery supply chain
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5.2 Regulatory trend in China
5.2.1 Battery utilization based on capacity

Subclause 5.2 discusses the application scenarios and industrial policies related to power
battery echelon utilization in China. Battery echelon utilization involves repurposing batteries
after their capacity declines to decommissioning levels. Echelon utilization refers to the practice
of repurposing or reusing items, typically in a hierarchical manner, after their primary use or
function has declined or come to an end.

Thrnugh power qlmli’ry Qafp’ry and ecaonomic evaluations these batteries are sorted and
regrganized to meet low-standard use scenarios.

Figure A.1 in Annex A shows various applications of power battery echelon utilization, which
aims to maximize the remaining capacity of retired batteries and categorize them, for spedific
usg cases such as cyclic energy storage and backup power.

The¢ criteria for decommissioning and classification are outlined in the regulation. EV battefies
with reduced charge and discharge capacity below 80 % of the initialovalue are retired dug to
safpty concerns. Decommissioned batteries are classified into Class I((60 % to 80 % capaci'ty),
Class Il (20 % to 60 % capacity), or recycled (less than 20 % capacity). Referring to established
stapdards enables the elimination of unfit batteries and the classification of those with remainfing
capacity for various scenarios.

Retired traction batteries with capacities of 80 % to 60 % can be used for load storage, grid
corjnection, and power regulation, while those with capacities of 60 % to 20 % are suitable|for
bagkup power in emergency scenarios. These applications include daily lighting, UPS backup,
low-speed electric vehicle power supply, and. temporary remote power. Subclause .2
underscores the importance of repurposing batteries to enhance their value across their entire
lifepycle.

5.212 Industrial and national policies

National and local government policies, along with industry association assistance, support the
development of the power battery~echelon utilization industry in China.

China has issued policies.since 2012 to support power battery echelon utilization. Poligies
include energy-savingwplans, technical policies for recycling, interim measures for battery
recycling administration, pilot implementation plans, and management measures for echelon
utiljzation.

These policies~clarify management requirements, focus on quality, support R&D, encourage
collaboration) and provide tax incentives.

b Rower Battery Recycling and Echelon Utilization Alliance was established in 2019 to

r—safety—pretection—andresouree—madmization—efpewerbatteries—Allahce
activities, industry summits, and group standards have been initiated to promote industry norms
and standards.

China has established a standard system framework for traction battery echelon utilization. It
includes general standards for battery specifications, coding rules, dismantling specifications,
and residual capacity detection. Echelon utilization standards cover requirements at the
national level and normative requirements for local utilization.

5.2.3 Local policy (Shanghai) and business models

Shanghai Municipal Government's action plan aims to develop the recycling industry of retired
power batteries. It focuses on building a traceability and management recycling network system
and promoting recycling technology, equipment, and industry clusters.
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Policies, incentives, and demand drive the construction of the power battery echelon utilization
industry chain and business models. An authoritative body plays a role in catalysing application
scenarios and business models, leveraging the strength of the industry chain. The summarized
content provides an overview of battery utilization based on capacity, the role of industrial
policies, national and local policies, standardization framework, and business models driving
the development of the power battery echelon utilization industry in China.

Detail of policies and business models are provided in Annex A.

5.3 Regulatory trend in the European Union

5.3l1 European Battery Directive

The¢ European Battery Directive is a regulatory framework established by the European Unfion
(EU) to manage the environmental impact of batteries. It aims to reduce the negative effects of
batteries on the environment by promoting their proper collection, recycling, and|disposal.

In ﬂ)erms of reuse batteries, the directive emphasizes the importance of extending the lifespan
of batteries through various means, including reuse. It encourages member states to establish
collection systems that allow for the reuse of batteries, providedithat safety, health, and
environmental requirements are met. The directive also states<the need of recycling oyer
disposal and encourages the development of technologies that can enhance the reusability of
batteries.

ThTre exist two articles in the European Battery Directive((Article 14 and Article 59) which rgfer
to leuse batteries.

Artlcle 14 is titled "Information on the state ofihealth and expected lifetime of batterigs".
Acg¢ording to Article 14, industrial and EV batteries over 2 kWh require management systems
dethiling health and lifespan parameters bas€d on Annex VIl. Information on Annex VIl is giyen
belpw in this subclause.

Artlcle 59 is titled "Requirements related to the repurposing and remanufacturing of indusfrial
batteries and electric-vehicle batteries". Among the 6 statements in Article 59 there ar¢ 4
stafements concerning repurposing and remanufacturing. Regulation introduces requirements
related to the repurposing.-and remanufacturing of electric vehicle and industrial batterieq to
independent operators carrying out such operations. It also requires parameters in Annex|VII
for|determining the state of health of batteries and expected lifetime of batteries.

17

The following are parameters for determining the state of health of batteries in Annex VII of the
European Battery Directive:

1) [remaining capacity;
2) |overall capacity fade;

3) |remaining power capability and power fade;

4) remaining round trip efficiency;

5) actual cooling demand;

6) evolution of self-discharging rates;

7) ohmic resistance and/or electrochemical impedance.

The following are parameters for determining the expected lifetime of batteries in Annex VII of
the European Battery Directive:

a) the dates of manufacturing of the battery and putting into service;

b) energy throughput;

c) capacity throughput.
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.2 European Automotive and Industrial Battery Association (EUROBAT)

EUROBAT is an association representing the interests of the European automotive, industrial,
and energy storage battery industries. It serves as a platform for various battery manufacturers,
suppliers, and other stakeholders within the battery value chain. EUROBAT aims to promote
sustainable battery technologies, support the growth of the European battery industry, and
advocate for policies that foster innovation and competitiveness.

In

relation to the European Battery Directive, EUROBAT plays a role in providing input,

expertise, and insights from the battery industry to inform policy decisions and regulatory
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ails of activities are provided in Annex B.

Regulatory trend in Japan

apan, there is a notable trend towards addressing carbon neutrality)and greenhouse gas
uction. In October 2020, the Japanese government declared itsyaim to achieve carbpon
trality by 2050, with zero overall greenhouse gas emissions. This was followed in Octoper
1 by the Cabinet's approval of a 46 % greenhouse gas reduction target for 2030 compafed
013 levels.

esponse to these goals, the Ministry of Economy, Trade and Industry (METI) established a
lic-private council to study the storage battery industry strategy in November 2021. The
ncil began its activities and published the Storage-\Battery Industry Strategy in August 20R2.

A dubcommittee called the Study Group on Sustainability of Storage Batteries was initiated in

Jar
foo

uary 2022 as a part of this council. This subcommittee focuses on topics such as carpon
tprint, human rights, environmental due diligence, reuse, and data collaboration.

The¢ Storage Battery Industry Strategy-emphasizes the significance of batteries in achieving

car
eng

1)
2)
3)
4)
5)
6)
7)

bon neutrality by 2050, especially~in the context of electric vehicles (EVs) and renewable
rgy deployment. The strategy.includes seven key items, with several related to battery redise:
strengthening domestic manufacturing through policy measures;
forming global alliances-and standards;

ensuring upstream.resource availability;

developing next-generation technologies;

expanding the domestic market for batteries, particularly EVs;
enhancingshuman resources development;

improving the domestic business environment.

Ke

efforts in the strategy related to reuse are the formation of global alliances and standands,

expansion of the domestic battery market, and improving the domestic business environment.

The Study Group on Sustainability of Storage Batteries focuses on several initiatives:

a)
b)
c)
d)

carbon footprint;

human rights and environmental due diligence;
reuse and recycle;

data collaboration.
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Under the carbon footprint initiative, discussions revolve around calculating the carbon footprint
of battery products, including areas such as calculation scope, measurement methods,
emission intensity, units of comparison, and data exchange among stakeholders. The initiative
is supported by a trial project that collaborates with automotive Original Equipment
Manufacturers (OEMs) and suppliers to calculate and disclose carbon footprint information.

The human rights and environmental due diligence initiative addresses risks related to the
environmental and human rights impacts of battery materials, particularly minerals like lithium,
cobalt, nickel, and graphite. A trial project examines risks associated with mining practices,
focusing on both environmental and social aspects.

Regarding reuse and recycle, research is ongoing to understand the distribution of|'Used
batteries, especially their applications and market conditions after dismantling. -The data
collaboration initiative explores sharing and utilizing supply chain and value chain,data acrpss
companies, with an emphasis on maintaining corporate trade secrets and data sévereignty.

Overall, Japan's efforts focus on achieving carbon neutrality, expanding the-battery market, mnd
addressing sustainability and environmental concerns in the storage battery industry throdigh
initjatives related to carbon footprint, human rights, reuse, and data callaboration.

Se¢ Annex C for details.

5.5| Regulatory trend in Korea

In Bouth Korea, the electric vehicle (EV) market is poised for significant growth, projected to
surge from $136 million in 2020 to $187 million in_2025. In 2022, the Korean EV market daw
the| distribution of 389 855 electric vehicles, and a/forward-looking analysis suggests that| by
2032, 20 % of reused batteries could amount t0-3;2 million units.

The¢ Korean Battery as a Service (BaaS).industry is strategically focused on repurposing [EV
batteries for energy storage systems (ESS), fostering a circular economy. Government poligies
arel evolving to support this initiative;.including waste regulation exemptions, safety standards,
and independent battery supply systems. A BaaS demonstration project is outlined in the
indpstrial innovation base construction roadmap, with the Ministry of Land, Infrastructure and
Trgnsport preparing a battery registration system.

certification centre, such-as KTR (Korea Testing Research Institute), is establishing safety and
relipbility inspection technologies, with plans for a BaaS platform data centre, battery storage
facjlity, and testing.facilities to support the growing BaaS market.

Various Korean companies are actively involved in the second life of batteries. Testing }hd

This comprehensive approach aims to create a robust ecosystem for battery reuse and
repurposing; aligning with the broader goal of sustainable and efficient energy practiceg in
Kofea's electric vehicle sector.

See Annex D for details.

6 Case studies for BESS using repurpose and reuse batteries

6.1 General

As mentioned above, BESS are becoming increasingly important for grid stabilization,
renewable energy integration, and other energy management applications. Reuse of batteries
in BESS involves repurposing used batteries from EVs or other sources for secondary use in
stationary energy storage applications. Figure 2 shows a value chain that uses retired EV
batteries in a cascade that is being built to improve resource utilization and reduce CO,

emissions.
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Figure 2 — Close-loop value chain of EV batteries

Table 2 shows examples of repurpose batteries utilized for BESS~usihg batteries in EVs. |[EV
batteries typically have a useful life in vehicles before their capacity declines below a cerfain
level. However, these batteries can still have significant energy storage capacity remaining|for
statlionary applications. Companies have started repurposifig Tetired EV batteries for usg in
BEPS. These batteries might not have sufficient capacity for driving an EV but can|be
aggregated into energy storage systems to support renewable energy integration, grid stability,
and peak demand management.

Table 2 — Examples of repurpose batteries utilized for BESS

Players Type Region MWh Details
gMW Automotive EU 20 (!\7<) |Development of MWh-class BESS and progress in connectioh
OEM to the power grid using 500 used BMW i3 batteries. It can
supply up to 14 MW of power.
Renault Automotive EU 20 ('18~) |[Developed a 20 MWh BESS for their own factory using a total
OEM of 650 new/used batteries. Plan to use both grid power contrpl

& demand power adjustment.

GETEC Electric utility EU 13, 18 Constructed a 1,8 MWh class battery plant with a total of
i 1 000 battery systems. Reuse of 1 920 modules from Daimle|
(116, '19~) | gy battery packs in collaboration with Mercedes-Benz Energjy.

-

Jtate Electric utility CN 45 ('20~) |Constructed a 45 MWh BESS in Nanjing City using used EV
brid batteries. Started operation from the first half of 2020.

ghing,/ | Communication CN 60 ('18~) |Reused 9 600 sets of used EV batteries in Jiangsu Province
TJVVUI CIII\’.J.l Ufobt;VU:y Ut;:;LUd thc OtUIaHU uapau;ty Uf abuut CG IIVI:‘VAV'I .

Substitutes 1 800 tons of lead acid battery.

B2U Startup us 4 ('20~) |To relieve the burden on the power grid due to the introduction
of renewable energy with volatile output with used EV battery
solutions and battery operations optimization system.

Reuse batteries can also be used in residential energy storage systems. These systems store
excess energy generated from solar panels and discharge it when needed. By repurposing EV
batteries for residential use, homeowners can take advantage of the remaining capacity in
retired EV batteries to power their homes, reduce energy bills, and contribute to grid stability.
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In some cases, reuse batteries are used in community-level energy storage projects. These
projects might involve using retired EV batteries to create microgrids that can provide backup
power during outages or support renewable energy integration within a localized area.

Below are several examples listed, along with their characteristics.

6.2

Case 1 (China)

As mentioned in Clause 5, government and municipal levels have established laws, regulations,
and so forth. Operational practices in accordance with these laws and regulations are already

in

The case study in China on retired power battery utilization highlights several key paints:

1)

2)

3)

4)

5)

Th

sudtaifability and innovation in various sectors, including energy storage and communica

lace.

Recycling advancement in Shanghai: Shanghai's plan to promote greenh industiies
emphasized retired power battery utilization. Concentrated in regions with”high eleciric
vehicle ownership, Shanghai had five enterprises aligning with the "New“Energy Veh|cle
Waste Power Battery Comprehensive Utilization Industry Specification~€onditions." In July
2022, Shanghai achieved its first localized battery disassemblyyand utilization ling| at
Shanghai Weixiang Zhongyi New Energy Technology Co., forming@ sSustainable mechan{sm
for waste battery recycling and setting a benchmark for _environmentally-friendly and
advanced energy recycling.

Battery energy storage system (BESS) demonstratiofz ;)Shanghai Yixin Environmental
Protection Co., founded in 2018, focused on recycling; testing, and utilizing retired electric
vehicle batteries. They qualified as a national high-tech enterprise and established a robjust
recycling production line, including rapid testing and. sorting platforms. They also introdu¢ed
the "Baowu Qingneng—Factory Environment)Décommissioned Power Battery Enefgy
Storage Demonstration Station" to showcase battery repurposing for energy storage.

Echelon utilization in 5G base stations: Hangzhou Yuhang District Power Supply Company
innovatively supplied stable energy \te~5G base stations using retired batteries. |By
transforming a base station in Chagshan Scenic Area, they achieved substantial savin(gs.
They adapted to peak-shaving and*demand-side response, showcasing the potential of
retired battery reuse in powering.communication infrastructure.

Future prospects and trends;: The trend of diverse battery applications continues, expandjing
the opportunities for retired battery utilization. The demand for base station backup battefies
grew in 2021, indicating a‘rising need for echelon utilization. Bulk retirement of lithium ifon
phosphate batteries -sifice 2022 makes a significant volume available for gradual use,
fostering continued.growth.

Challenges and epportunities: Technical gaps exist in sorting, reconstitution, consistepcy
assessmenty and remaining life detection. Intelligent manufacturing holds promise| to
overcomenthese challenges, enhancing the safety and reliability of reused products and
industry chain maturity.

se case studies underscore China's strategic approach to retired battery reuse, promoqing
ion

infrastructure:

See Annex D for details.
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6.3 Case 2 (UK)

The UK case study focuses on an entity that pioneers the repurposing and second life use of
BESS. This entity collaborates with partners like a vehicle manufacturer, an energy company,
and a venture capital firm. The approach of this entity involves reusing EV batteries for energy
storage, contributing to a greener energy alternative and a circular economy. It provides
benefits like reducing energy costs, optimizing renewable energy usage, managing peak loads,
and generating revenue by offering grid balancing services. The specifications of their BESS
include power, capacity, and the use of second life EV batteries. Additionally, this entity
collaborates with another entity to deploy transport battery systems into stationary energy
storage.

The¢ installations by this entity include repurposing EV batteries for grid load management of
eleftric vehicle rapid chargers and monetizing excess power for an industrial corporation, which
bridges power quality gaps and generates revenue. There is also collaboration with|an
automotive brand that provides stationary energy storage solutions for variods applications,
including peak load balancing and integration of renewable energies. This @utomotive brind
usgs its proprietary Battery Control System to standardize the interface for controlling and
opgrating EV batteries in stationary energy storage applications, ensuring optimal battery state
forlcompliance and longevity. The spare parts store for EV batteries of this automotive brand is
trapsformed into a large stationary storage facility with significant,.capacity for energy storage
and market participation in the primary balancing power market i Germany.

Se¢ Annex E for details.

6.4] Case 3 (Japan)

The Japanese case study focuses on repurposing EV batteries for BESS used in virtual poyer
plapts (VPPs). An integrated control system was 'developed to manage multiple EV batteries
alopgside distributed power sources like renewable energy. This aimed to assess battery
responsiveness and degradation. The repurposing scheme involves BESS manufacturers
utillzing battery packs selected by a.reuse-focused entity, supported by an automofive
mahufacturer and a trading company The certified battery packs are transformed into BESS
usihg prior information from the autemotive manufacturer. Communication between the BESS
corntrol system and battery management unit (BMU) is vital. The study addresses challenges
likg varying battery conditions by-using split DC/DC converters to adjust current distribution and
engure continuous operation.

Se¢ Annex G for details:

6.5/ Case 4 (Australia)

In Australia;~several startup entities have initiated battery repurposing projects for BESS. The
collaboration” between a battery management and inverter control project and a vehicle
mahufacturer has resulted in the creation of a project. This project repurposes used EV battefies
a specific vehicle model into a 36 kW, 120 kWh BESS. This BESS is integrated intp a

v eredtuctionof €O5¢ ons-and-energy-say at-s
manufacturing facility. The BESS specialist concentrates on battery management and inverter
control technologies.

Another endeavour undertaken by a startup based in Melbourne entails the repurposing of used
EV batteries from a certain vehicle model to develop a 120 kWh BESS. This BESS is intended
to be connected to rooftop solar and other renewable energy sources. It will function as an
industrial backup or off-grid power source in the facility owned by the startup entity. This
initiative, which is part of a larger corporate group, has plans to introduce this BESS product to
the market by March 2024.

See Annex H for details.
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As the example shows, the BESS to which the reuse battery is applied is installed with various
roles for the power grid. Another characteristic of the two examples is that the reuse battery is
supplied from a specific automotive OEM.

6.6 Case 5 (North America)

In North America, several startup companies have launched battery repurposing projects for
creating BESS. These initiatives involve a range of activities and applications:

Energy initiatives:

o [Developed a 40 kVA to 320 kVA ESS using used batteries.
¢ |Used batteries from a renowned automaker are utilized for 60 kWh ESS units.

e [Target applications include commercial and industry, microgrids and off-grid,@nd utilitie

@

Innpvative power systems:

¢ |Installed a 200 kW rooftop PV at UC San Diego with a 500 kWh ESS:
¢ |Reused batteries are applied in their energy storage system "MOAB""

¢ |MOAB effectively supports the PV system and reduces grid demand after sunset.
Sustainable solutions:

o [Developed an ESS with a maximum capacity of 1,2 MWh using EV batteries.
e |Used well-known EV battery modules for a 60 kW/275 kWh BESS.

e |Targeting commercial and industrial applications, with a product launch planned for 202[3.
Resgourceful storage solutions:

o |Deployed a 25 MWh ESS in Lancaster, California, using 1300 used battery packs.
e [Collaborated with various automakers for battery supply.

e |BESS is integrated into the hybrid energy storage and solar facility.
Innpvative robotics:

e |Offers an automated solution for repurposing retired EV batteries.

—h

e |Focuses on designing sustainable battery solutions and disassembling batteries
repurposing.

or

e |Potentialsupplier of repurpose batteries without relying on specific OEMs.

The¢se case studies demonstrate diverse applications of repurpose EV batteries for BE§S,
corntributing to sustainable energy solutions across various sectors and industries.

See Annex | for details.

6.7 Case 6 (Korea)

Korea is prioritizing environmental protection and efficient resource use by intensifying efforts
to reuse, repurpose, and recycle batteries, aligning with international regulations such as the
Korean government's battery policy and the EU battery law.
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The government is actively establishing battery-related centres across regions. Companies in
Korea evaluate battery performance based on State of Health (SOH) to make informed
decisions on reuse, repurposing, and recycling, contributing to environmentally friendly and
economically efficient battery use. Ongoing advancements in battery condition estimation
technology and life prediction models by government organizations and companies aim to
enhance the accuracy of SOH estimation techniques, improving the quantity and quality of
recyclable batteries.

The activation of the Battery as a Service (BaaS) industry in Korea aims to create a sustainable
business model and extend the life of batteries while promotmg an eco- frlendly approach
NO GIJIy, I\UICGO UUIIGUUIGLIVU CIIUI I.O UULVVUCII LIIC HUVCIIIIIIUIIL allu bUIIIpaIIICO al'c< yIGI Ing

pogitive results in the sustainable direction of the battery industry.

Se¢ Annex J for details.

6.8/ Summary of case studies

A ¢omparison of the BESS manufacturing process flow using new batteries with a BESS
mahufacturing example using repurpose and reuse batteries described above can |be
sumhmarized as in Figure 3.

Process 1. Process 2. Process 3.

System manufagcturer
Reuse battery | ».| (BESS manufagture using
provider/testing repurposed @nd reuse

Recovery/collection
of reuse and !
repurpose batteries

Y

batteries)
Operator
Process 4. (service provider)
Battery manufacturer System manufacturer |
(new battery) Re (BESS manufacture) o

IEC
Figure 3 — Flow of BESS manufacture and service

In the process 2 of accepting reused batteries, as illustrated in the aforementioned caseg, it
car) be inferred that the'degree of preparation varies for "Recovery/collection of reuse Tnd
replurpose batteries" and "Reuse battery provider/Testing," each performed by different entities.

As|shown in the. process 4 of Figure 3, when dealing with new batteries, the battery
mahufacturer’provides batteries that conform to the system specifications. On the other hand,
when utilizing repurpose and reuse batteries, the BESS manufacturer implements them basged
on the testing results of the "Reuse battery provider.”

Aslseen in the cases above, the "Reuse battery provider" can involve automaotive OEMs that
can provide a certain level of information about the batteries' primary use. However, there is a
possibility where there are no automotive OEMs engaged in the process. When automotive
OEMs are involved, the manufacturer can receive accurate information. However, in cases
where OEMs are not involved, the BESS manufacturer is expected to make decisions based on
their own judgment.
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Therefore, compared to using new batteries, avoiding malfunctions in a BESS using reuse
batteries compared to using new batteries requires additional precautions and considerations
due to the unique challenges posed by repurpose and reuse batteries. The following compares
steps to take for each process:

a)

b)

Using new batteries:

— Standard testing: New batteries come with well-defined specifications and performance

characteristics. Manufacturers can rely on standardized testing procedures to ens
their suitability for the BESS.

— Reliable source: Purchase new batteries from established battery manufacturers

ure

or

authorized distributors, ensuring their quality and compliance with safety standards.

— Predictable performance: The BESS is designed with confidence, knowing thatcthe n
batteries will perform within expected parameters, reducing the risk of malfunctions.

— Warranty protection: Leverage warranties provided by battery manufactirers to co
potential malfunctions, replacements, and repairs.

— Standard design guidelines: Follow industry-standard design guidelines and practices
integrate new batteries into the BESS with minimal risk of malfune¢tions.

Using repurpose and reuse batteries:

— Comprehensive testing: Conduct thorough and specialized testing on repurpose Ind

reuse batteries before integration to uncover hidden “defects, weaknesses,
performance variations.

ew

ver

5 to

nd

— Reputable sources: Source repurpose and reuse batteries from reliable and reputable

recycling facilities or vendors with a track record of quality repurposing.

— Stringent selection criteria: Establish strict~criteria for selecting repurpose and re
batteries based on factors such as capacity,>age, performance, and safety records.

— Safety protocols: Develop and implemeént safety protocols specifically designed for
use of repurpose and reuse batteries'4to minimize the risk of malfunctions.

— Enhanced monitoring: Utilize advanced battery management systems (BMS) or po
control systems (PCS), or both¢that can handle the unique characteristics of repurp
and reuse batteries and provide real-time monitoring and early warning systems. |
noted that the specific eharacteristics of reused batteries can vary based on
reprocessing methods and the type of original battery being reused. The detail will
described in Clause-8:.

— Performance thresholds: Define performance thresholds and alarms in the BMS

ise

the

ver
hse
L is
the
be

to

trigger protective actions or shutdowns if repurpose and reuse batteries exhibit abnormal

behavior.
— Redundancy and isolation: Incorporate redundancy and isolation mechanisms in

the

BESS/design to mitigate the impact of repurpose battery malfunctions on critical systems.

— Frequent maintenance: Implement a proactive maintenance schedule that inclu
regular inspections and testing of repurpose and reuse batteries to identify poten
iSsues early.

les
tial

— Advanced dafa analyfics: Use dafa analyfics tools to monitor the performance
repurpose and reuse batteries over time and identify any patterns that could lead
malfunctions.

— Emergency response plan: Develop a comprehensive emergency response p
specifically tailored to repurpose and reuse batteries to manage malfunctions and saf
risks.

of
to

lan
ety

— Vendor collaboration: Collaborate closely with repurposing and reuse battery vendors or

experts to ensure proper integration and ongoing support for repurpose batteries.

— Continuous evaluation: Continuously evaluate the performance and reliability

of

repurpose and reuse batteries within the BESS and be prepared to transition to new

batteries if ongoing issues arise.
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Avoiding malfunctions with repurpose batteries involves specialized testing, stringent selection
processes, enhanced safety protocols, advanced monitoring systems, and a proactive approach
to maintenance and evaluation. While using new batteries offers more predictability and fewer
challenges, repurpose batteries can be incorporated successfully with careful planning, testing,
and ongoing vigilance to ensure the reliable and safe operation of the BESS.

7 Issues from the viewpoint of utility and user

7.1 Overview

Thé contribution of BESS to the power grid can be considered to depend on the size of. the
BEPS. Both large and small-scale grid operators contribute to overall grid stability and efficiency,
but| the scale and complexity of their responsibilities vary based on the size of the grid they
mahage. The following are issues from the viewpoint of utility and user of large-scale BESS
and small-scale BESS.

7.2 Grid operator and large-scale BESS user’s point of view

A large-scale grid operator bears a comprehensive set of responsibilitiesraimed at ensuring the
robjust and efficient operation of a regional or national electricity grid:”At the core of their role
is the responsibility to maintain grid stability by effectively balane¢ing the supply and demand of
eleftricity, regulating parameters like frequency and voltage,and preventing disruptions that
colld impact both consumers and industry. A redundant design is required as a system| In
addition, it is important to reduce the maintenance and batteries exchange time. The repurppse
battery system will be required the best O&M manuals-and the handing training.

The¢ operator's scope encompasses managing the{complexity of energy flow within the gJ;id,
strategically coordinating the generation sources to meet varying demand patterns and
ovgrseeing the distribution of power to residential and commercial sectors. The responsibllity
extends to the management of high-voltage transmission networks that facilitate the lohg-
distance transport of electricity, as well 'as the administration of lower-voltage distribufion
networks that deliver energy to end-usérs and integrate decentralized energy resources slich
as fenewable energies. In order to avoid limitation of the operation, it is important to accurafely
mepsure the repurpose battery's\BESS parameters such as state of energy (SOE) and state of
health (SOH).

In the case of emergencies, a large-scale grid operator is tasked with swift response and
recpvery, aiming to restore power promptly and safeguard public safety. They navigate fhe
complexities of integrating renewable energy sources into the grid, optimizing their contributipns
while managing thejintermittency inherent in sources like solar and wind. Engaging in enefgy
mafkets, ensuring regulatory compliance, making data-driven decisions, planning infrastructure
upgrades, ahd-'embracing technological advancements are all key components of their
multifaceted responsibilities.

7.3| .“¢Small-scale BESS user's point of view

Operating a small-scale, localized BESS with repurpose and reuse batteries entails to ensure
efficient and safe energy storage within the local grid. The primary considerations revolve
around battery evaluation and selection, emphasizing the need for meticulous assessment to
choose batteries with optimal health and performance characteristics. Continuous performance
monitoring becomes crucial, enabling operators to promptly identify any signs of degradation
or inefficiencies and make informed decisions.
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Safety and risk mitigation stand as paramount aspects in the operation of a localized BESS with
reused batteries. Users need to be aware that repurpose batteries have a greater risk than new
batteries and have a risk of fire, explosion, and toxic gas poisoning. Users need to be
knowledgeable of safety manual for the use of repurpose and reuse batteries and prepare for
the risks. Rigorous implementation of safety measures is imperative due to the potential
variability in the condition of reused batteries. Operators must be vigilant in managing
associated risks to protect both local communities and the environment, ensuring that the BESS
operates securely within the grid infrastructure.

Regulatory compliance is also a concern, as operators need to fulfil specific requirements
.“‘ v iV OSEe < 1LY - S€e v "“ SARREY. v‘i vv‘ Hre S Rviv HO1TS a1
stapdards is essential ure legal compliance and uphold t f:the

In jaddition to these technical considerations, localized BESS operators’ should priorifize
segmless integration with the local grid, actively engage with consumers,tofoster understandjing
and trust regarding the use of reused batteries and remain attentive to environmental
responsibilities by responsibly managing the end-of-life disposal~or recycling of batteries.
Collectively, these aspects form a comprehensive approach to ‘eperate a small-scale BESS
effectively and responsibly with repurpose and reuse batteries within a localized enefgy
ecqgsystem.

7.4 Summary

o

id operators' responsibilities differ based on the‘size of the grid they oversee. Large-sdale
grid operators manage expansive regional¢on' national grids, emphasizing grid stability,
renewable integration, market participation>and infrastructure planning. Their intricate nole
invplves coordinating diverse energy sources, maintaining grid stability, integrating significiant
renewable capacities, participating in cemplex energy markets, and shaping regional enefgy
poljcies through regulatory compliancé:

Their responsibilities revolve around efficient energy distribution, managing local demand, and
integrating distributed energy resources. These operators prioritize voltage regulation, lpad
balpncing, and rapid response to local emergencies to ensure reliable power supply to their
serviced areas. Consumer engagement and promoting energy efficiency are also crugial
aspects, with a narrower scope of regulatory adherence compared to their larger counterpafts.

Smiall-scale grid operators focus“on localized distribution grids serving specific communit{s.

Whiile both types of operators contribute to grid stability, large-scale operators bear fthe
complexities of managing diverse energy sources on a regional or national scale, while smaller-
scdle operators concentrate on ensuring reliability within their localized service areas,
incprporating distributed renewables, and engaging directly with local consumers to promjote
efficient energy consumption.

The stability and reliability required for these BESS, whether using new batteries or reused
batteries, need to achieve the same level of performance. However, when using repurpose and
reuse batteries, due to the higher uncertainty on the battery side, there will be a greater burden
on the user and operator in terms of operations and maintenance (monitoring, inspection,
maintenance).

In other words, since the various margins and safety factors inherent in BESS using new
batteries cannot be expected when using reused batteries, they must be supplemented through
system design and operation (operations and maintenance).
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Therefore, it is essential to investigate and propose standardizations for these aspects in
advance. In particular, the effective treatment of the uncertainty of the tested performance of
repurpose and reuse batteries during the BESS operation is significant, which will be described
in Clause 8.

8 Comprehensive testing with intensive monitoring of BESS

8.1  Current status of testing methods

IEC 62933-2-1 to IEC TS 62933-2-3 implement the following tests for ESS systems including
BEPBS.

IEQG 62933-2-1, Electrical energy storage (EES) systems — Part 2-1: Unit parameters and testing
melthods — General specification

IEG TS 62933-2-2, Electrical energy storage (EES) systems — Part 2-2: Unijt\parameters and
tesfing methods — Application and performance testing

IEG TS 62933-2-33, Electric Energy Storage (EES) Systems — Part 2:3: Unit parameters gnd
tesfing methods — Performance assessment test after site operation

BEPS using repurpose batteries can encounter difficulties that.cannot be covered by the abgve
items. On the other hand, the following two prior documents, i.e. IEC 63338 and IEC 6333(Q-1,
haye contained the testing procedure of repurpose battery for accumulation subsystems.

IEG 633384, General guidance on reuse and repurposing of secondary cells and batteries
IEG 63330-1°, Repurposing of secondary batteries — Part 1: General requirements

IEG 63338 provides an overview ofza* flow of battery evaluation for reusing or recycling
sedondary batteries.

IEG 63330-1 [19] specifies the-classification of repurpose batteries. It shows the required
performance to be assessed for repurposing the batteries after original use; for example
operating range, history of*failure, residual capacity, residual usable period. Residual capa¢ity
and usable period are used to classify batteries to be repurpose to other applications such| as
BEPBS (see Figure 4)\Also, it describes the concept for estimating the residual usable perjiod
after repurposing.(Ifyithe load conditions are the same as to those of original use, the residual
usgble period can:be estimated by extrapolating the trajectory (performance-duration). If the
loafd conditions-"of the new application using repurpose batteries are lighter or heavier, the
resjdual usable period should be extended or shortened.

Whlenonsidering the design, installation and operation of BESS with the repurpose and relise
batteries—someiostes-h-syStems-perspective-are stitkpendingwhich-are-roteoveredby-oi
IEC 63338 [20] or IEC 63330-1 [19] and thus, are within the scope of this document. In 8.2, the
technical issues will be reported, which is based on performance uncertainty of the
accumulation subsystem consisting of repurpose and reuse batteries. In 8.3, the system
architecture including accumulation subsystem, power conversion subsystem and control
subsystem to mitigate the issues will be investigated.

3 Under preparation. Stage at the time of publication: IEC CC 62933-2-3:2024.
4 Under preparation. Stage at the time of publication: IEC FDIS 63338:2024
5 Under preparation. Stage at the time of publication: IEC FDIS 63330-1:2024.
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Figure 4 — Categorization of used batteries in terms ofresidual
performance and usable period (IEC 63330-1 [19])

Issue on testing and design for BESS with repurpose and reuse batteries
1 Performance uncertainty of new and repurpose batteries

ure 5 shows differences in battery and BESS performance between the case for n
teries and repurpose and reuse batteries. Generally, the usable capacity, defined as
acity charged or discharged between the uppérsand lower voltage limit, depends on
lied power. For example, in Figure 5 (a) and (d), the usable capacity under maximum po
maller than that of rating power due to the farger voltage drop. In the case of new batter
rmation on dependence of the usable capacity on the applied power (as solid line in Figur
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is provided by the battery manufacturer and it can be utilized in BESS design at beginn
he primary use. In the BESS designiprocess, the performance information at end of lifg
ary use is also necessary. Not only the initial profile as solid line in Figure 5 (a), but g

in Figure 5 (a) can be proyided by the battery manufacturer. Based on this informati
S5S design can considerCthe system performance (capacity-power relationship) fi
inning to end of the primary use (as shown in Figure 5 (c)).

teries is limited~The voltage-capacity profiles of repurpose and reuse batteries are chan
the operation.hjstory and environment in the primary use. Therefore, even if it is the s

v product,fRe resultant profiles are varied. At present, there is no countermeasures
urately grasping and providing all profiles of usable capacity in plural repurpose batter
d in the.BESS.

As

the other hand, the'accessibility of the performance information of repurpose and rejse

ing
b in
Iso

change in profile after the degradation under a specific operation condition as the dashed

on,
om
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ies

described in 8.1, IEC 63330-1 [19] introduces how to categorize the repurpose and re

ise

batteries by testing them in terms of residual performance and residual usable period. By
classifying the repurpose and reuse batteries into the same category (e.g. B2 in Figure 4) for
one BESS, the initial performance of the BESS can be designed but there will be the
performance uncertainty during its operation. In addition, even when following the category, the
dependence of the usable capacity on the applied power and BESS performance at the end of
the repurposing is unspecified as shown in Figure 5 (e) and (f). In conclusion, it is difficult to
design a BESS using the repurpose and reuse batteries in the same manner as new batteries.
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The performance uncertainty of repurpose and reuse batteries can be seen in a prior technical
article by Baumhofer, et al. [21] reported the battery cell degradation under the constant
operation condition. In this article the capacity ageing trajectories in a charge-discharge cycle
test for 48 cells of the same specification were shown. The trajectories were almost the same
at the initial stage (small number of charge/discharge cycles). However, when the cycle number
was beyond a certain amount, the capacity was rapidly decreased and the performance
distribution among the cells got significant, as schematically illustrated in Figure 6 (a). In this
report [21], there were multi-modal distribution of residual capacity after the degradation while
the narrow-shaped monomodal distribution was seen before the test (Figure 6 (b)).

thely can drastically degrade soon with the wider distribution(stage(ii)). As shown in Figune 6
(a)] the capacity trend can be predicted with a sufficient accuracy at the initial stage. When the
capacity degrades rapidly (stage(ii)), the prediction accuracy can get worse.
Battery Performance System performance for EESS design
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Figure 5 — Differences in battery and system performance of BESS
between new batteries and repurpose batteries
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Figure 6 — Schematic illustration of (a) a capacity degradation trend
and (b) capacity distribution depending on the degradation stages

8.2|2 Prediction accuracy of battery performance in BESS

ure 7 shows a schematic illustration of performance distribution between new batteries and

Fig
replurpose batteries in a BESS.
Initial After deterioration
Sharp Predictable with sufficient
accuracy
BESS using
new batteries
Broad Predictable but
with lower accuracy
Battery using
reprpose P A
batteries -

IEC

Figure 7 — Differences in performance distribution

In case of BESS with new batteries, the initial performance of batteries is homogenous; hence,
distribution of performance appears sharp, and the performance distribution after deterioration
can be predictable based on the ageing model developed by using the battery deterioration

data provided by the battery supplier.
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On the other hand, the initial performance distribution of repurpose and reuse batteries appears
broad as shown in Figure 7. Also, the homogeneity will get lower during BESS operation and
its curve is sometimes changed (e.g. multimodal shape). This is because the operation histories
of the original use are not necessarily the same for all the batteries in one BESS. Also, in some
case as indicated in 6.6, there are various batteries produced by different suppliers in one BESS.
In these cases, the degradation trajectories of the batteries are not the same even under the
constant load condition in one BESS. Consequently, it is hard to predict the performance
distribution after deterioration with a sufficient accuracy, especially when used under severe
conditions beyond the original use.

8.2 3—Summaryof-testing—and-designissues

If such a difference between new batteries and repurpose and reuse batteries could be-solvied,
it W]ould be possible to build and operate the BESS using repurpose and reuse batteries with a
sufficient reliability.

a) |Testing issue: Specifically, it is envisioned that the test items will be the homogeneity of the
initial performance and the difference in load conditions between the original use and the
repurposing use in order to predict the performance after deterioration. However,
IEC 62933-2-1 [16] to IEC 62933-2-3 [18] and IEC 63330-1 [19] and IEC 63338 [20] do ot
show the test items related to the above.

b) [Design issue: Alternatively, it is possible to design and build a'BESS on the assumption that
distributions of the performances at the initial stage and after deterioration are unknown| In
that case, it is necessary to monitor intensively the\status of BESS and specify the
degradation trends of the batteries for identifying a risk.in advance.

8.3] System investigation for BESS implementation

8.3]1 General

The existing project on BESS with repurpose/battery has suggested how to address the isslies
on [the uncertainty and inhomogeneity of*the performance degradation during repurpose and
reuse batteries. The use case from-JAustralia (https://www.relectrify.com/technology) has
intioduced the Relectrify’s CellSwitchitechnology where the health state of the battery cell is
extensively monitored and then eontrol for the cell operation is optimized to equalize the
pernformance degradation among the battery cells and then maximized for the system lifetime.
In this case, the system configuration of battery cells, BMS, and inverters were totally different
from the conventional ones” This use case suggests that investigation of the system architecture
including the power conversion subsystem and control subsystem to minimize the uncertainty
and distribution is necessary to ensure the system reliability.

Figure 8 shows a schematic illustration of the system architecture of a BESS which is descrilhed
in [EC 62933-2-1'[16] to IEC TS 62933-2-3 [18], where the items to be addressed for BESS with
replurpose batteries are highlighted.
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Figure 8 — Schematic illustration of system architecture
for discussion for BESS with repurpose batteries

8.3]2 Testing and intensive monitoring of performance distribution in BESS

he system, the testing and intensive monitoring during BESS operation will be significan

[ to

understand the performance degradation trend of batteries inside the accumulation subsystem.

Figure 9 shows the BESS design method in combination with monitoring the battery status.

As

shqwn in the left illustration (a) of Figure' 9, the plural sets of repurpose batteries categorized
in the same rank (B2 in this case) arenimplemented to plural sets of accumulation subsystems,

named as System(S)-1, S-2 and¢S-N, respectively. Figure 9 (b) illustrates the performa
disfribution in the case that thenew batteries are implemented to the S-1 to S-N. Although
distribution at initial stage .is\narrow, each subsystem shows the different degradation r
(cofresponding to the slopeof the solid and dashed arrows), which resulted in the wi
ormance distribution.” Since the degradation rate can be estimated by using the modell
4ed on the degradation data provided from the battery supplier. Figure 9 (c) illustrates
ormance distribution in the case that the repurpose batteries are implemented to the S-1

¢ of the battery in each subsystem is hard to predict due to the uncertain operation his
¢ach accumulation subsystem, leading to much wider performance distribution than tha
batteries. In this case, it is probable that the performance of some of the subsystems
meet the application performance requirement (red dashed line in Figure 9 (b) to (d)), wh

. The distribution at initial stage is wider than that of new batteries, and the degradaﬂ:)on

hce
the
ate
der
ing
the
to

ry
of
do
ich
is

seS/serious issues in system rellablllty One of the approaches to avoid the issues

the

concept of the monitoring, where some parameters relating to performance |nhomogene|ty can
be diagnosed and an effective maintenance is executed when the parameters reach the lower

criteria (red dashed line).
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Figure 9 — BESS design method by monitoring the battery status

8.33 System design consideration

8.3[3.1 Architecture of power conversion subsystem

Whlen there is a performance inhomogeneity for each of the plurality of accumulafion
sullsystems as shown in Figure 9, the€ontrolling of the operation plan and load current shojuld
be |controlled to minimize the inhomogeneity. In the case that the performances of some
acqumulation subsystems do not-meet the product criteria, the low-performance subsysfem
shquld be preferentially checked and replaced with new one in the regular maintenance.
Acg¢ordingly, the power conversion subsystem needs to be reconsidered to realize the intengive
dispatch of load current-to"the plural accumulation subsystems based on their performance
degradation trend. Also, it should have well-defined circuit switch to disconnect the lpw-
pernformance accumulation subsystem to recover the performance.

8.3[3.2 Architecture of control subsystem

To |monitorthe performance degradation during the operation and optimize the load dispatch to
thel accumulation subsystem to minimize the degradation inhomogeneity, the battery
infgrination inside the subsystem should be collected, and control strategy should |be
del IlIIiIIUd IUdbUUI UTl1 tilc illfUllIIdiiUll. ill miaity Last btuu'icb ill tilib IU}JUIt, tiIU pl;llldly UStT Of
the most repurpose batteries is electric vehicle application. An example of BMS architecture of
electric vehicle is shown in the prior article [e.g. Energies 2022, 15(12), 4227,
https://doi.org/10.3390/en15124227] [24]]. The difficulties in utilizing the BMS developed for EV
application are relating to "interface" and "software". As for interface issues, the method of
designing the interface with multiple BMS differs depending on whether cooperation with an
OEM that understands the functions of the BMS is possible or not. In particular, it is necessary
to allocate CAN communication addresses and IP addresses to several BMSs. In addition, when
the plural battery module/packs with different BMSs are implemented in one system, the
information items and their definition from the different BMS should be aligned. Also, as for
BMU/BMS software issue, the existing software used in the primary use in not always
compatible with repurposing as BESS. To solve these issues, the BESS control architecture
where the battery information from the existing BMS is attached with the repurpose batteries
should be developed. This should be the unique challenges for BESS with repurpose batteries.
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8.4 Summary

In Clause 8, the issues on testing of BESS necessary for system design and its operation when
using repurpose and reuse batteries have been reviewed. The existing standard such as in [19]
stipulates a testing procedure of repurpose and reuse batteries prior to their application to the
accumulation subsystem, which enables to triage the repurpose and reuse batteries for BESS.
On the other hand, the usage histories of the batteries in the primary use are different, and
even if they are operated under the same conditions in repurpose and reuse batteries, the
deterioration trends of the batteries are not uniform. Further, when the performances of battery
cells such as capacity tend to deteriorate rapidly after long-term usage, the performance
distribution will get wider. Since the BESS performance is dominated by the lowest performance
ampng the constituent batteries, and it is hard to predict with a sufficient accuracy.

In grder to solve this testing issue and ensure reliable operation of BESS over the longterny, it
is mecessary to consider the entire system investigation. To grasp the performance thaf is
difficult to predict with a high accuracy, both testing in the BESS installation )and intengive
mohitoring of the cell/module deterioration information during the operation @re significant| In
addition, it is significant to investigate the system configuration and algorithmyto control the Ipad
on each battery with respect to the obtained deterioration information including its distributipn.
Based on the monitoring results, predictive maintenance such as battery replacement is glso
required. The above survey suggests the necessity of standardization of the sysjem
corffiguration and its test and monitoring method to ensure the reliability of BESS usling
repurpose and reuse batteries.

9 | Suggestion for future discussion

9.1 General

Frdm an economic perspective, including considerations for BESS supply and demand, as well
as |[from an environmental standpoint, therfes is a significant potential for the utilization| of
repurpose and reuse batteries. Furthermore, in anticipation of these factors, it has bg¢en
obgerved that in several regions, effortsiare being made to establish and examine regulations,
including those aimed at actively promoting the utilization of repurpose and reuse batteries.
Regearch has also revealed that worldwide, the manufacturing and utilization of BESS usjing
repjurpose and reuse batteries_have already begun to align with these trends. (See Clausg 4,
Clguse 5, and Clause 6.)

Theére has been a diseussion about the distinct challenges in utilizing repurpose and relise
batteries compared tonew batteries. Even in cases where traceability is ensured for repurppse
and reuse batteries, the combination of usage history and the intended reuse method can result
in yariations in performances that differ from new batteries, and therefore, the performanges
might not be guaranteed. Especially when considering instances where intermediaries suchl as
automotive(OEMs are absent, it has been argued that relying solely on traceability to guarantee
BEPBS performances could be challenging. Furthermore, it has been recognized that BESS play
varjous..foles within the power grid and need to provide services with corresponding
responsibilities based on those roles. (See Clause 7 and Clause 8.)

In 9.4, while organizing these aspects, the key points to consider when utilizing reused storage
batteries will be summarized.

9.2 Issues related to accuracy of measurements related to operation and
management

Operating BESS with repurpose and reuse batteries requires measurement accuracy for the
system's successful operation and management, as seen in Clause 8. This is related to the
variability in battery performance, difficulties in accurately assessing degradation and health,
voltage and current measurement inconsistencies, temperature monitoring issues, and the
complexities of SOH estimation and capacity evaluation. Addressing these concerns is crucial
to ensure the reliability, safety, and efficiency of the BESS.
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To mitigate these challenges, BESS operators must implement strategies that enhance
measurement accuracy. This begins with the adoption of an advanced battery management
system (BMS) equipped with sophisticated algorithms capable of accommodating performance
differences among reused batteries. Individual cell monitoring within battery packs aids in
identifying performance variations, contributing to more precise measurement readings.
Regular calibration and correction of measurement sensors counteract inaccuracies by
accounting for the variability inherent in reused battery behaviour.

One of the simplest methods to measure the performances of repurpose and reuse batteries is
ut|I|zat|on of the BMS bunt in the battery system for the prlmary usage for example BMS used

SO[C from the existing BMS. However, the usable energy capacity strongly depends on not gnly
the| BMS readings but also on 1) power consumption of auxiliary devices and,2) error factors
dug to PCS DC under voltage limit and DC-CT measurement drift. In addition, the measufed
vallies of the existing BMS tend to be inaccurate when significant battery degradation takes
plape as described in Clause 8. To overcome the above-mentioned_.issues on inaccuracy of
mepsurement using the existing BMS, an investigation is done of/the system configuration to
callbrate and correct the measured values of existing BMS. Also, the new BMS systen} is
spgcially designed for the BESS using repurpose and reuse batteries.

Usable BESS energy capacity
Not only battery SOH but alsg gnother sub-system
1) Energy loss items : Add-Aux, Add-protection..
2) Err factor : PCS DC under Voltage limit,
DC-CT-measurement drift

SOC100% = 100km SOC100% = 100km SOC100% = 100km
SOH100% = 100km SOH 90% = 90km SOH 60% = 60km

or 50km

t , S
Batter: atter) 43
‘ !
2 years 4 years ‘Vatterjv
< R, )4 S

&= &= L S e ™
Navigation

IEC
Figure 10 — Accuracy of information from BMS

Incprparating these measures allows BESS operators to overcome the challenges tied| to

measurement accuracy when utilizing reused batteries. By doing so, they enhance the reliabllity
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stability of the grid.

9.3 Consideration of BESS application

BESS can be deployed in different ways within the grid, either behind the meter (customer-side)
or in front of the meter (utility-side), each offering distinct roles and benefits. Following are the
various roles of BESS based on their deployment location (see Figure 11).


https://iecnorm.com/api/?name=270ed846d1294c27d65dfab3301db7bb

IEC TR 62933-2-201:2024 © |IEC 2024 - 35—

[Front of the Meter (FTM) | [ Behind the Meter (BTM) |

Utility-scale Generation Residential solar
Utility-scale Energy Storage

Transmission and Distribution Microgrid

a)

b)

Behind the meter (customer-side):

1)

2)

3)

4)

5)

6)

Front of the meter«(utility-side):

1)

2)

IEC

Figure 11 — Front of the meter and behind the meter and its examples

Peak demand reduction: BESS installed behind the meter can help commercial and
industrial customers manage their peak electricity demand. . By~discharging stofed
energy during peak demand periods, customers can reduce thejr,demand charges, which
are based on the highest power usage within a billing cycle’

Load shifting: Customers can use BESS to shift their electricity consumption from high-
cost peak hours to low-cost off-peak hours. This can, help them optimize their energy
costs by purchasing electricity when prices are lowenr.

Microgrid support: BESS can provide backup,pewer to critical facilities during grid
outages. Hospitals, data centres, and other gssential services can maintain operatipns
even when the main grid is down.

Renewable self-consumption: BESS canystore excess energy generated from on-sgite
renewable sources (such as solar panels) and discharge it when needed, maximizing
the consumption of self-generated.clean energy.

Demand response participation;:'\BESS can participate in demand response progragms
where customers curtail their~energy consumption during peak demand events| in
exchange for financial incentives.

Voltage support: In aréas with voltage fluctuations, BESS can help stabilize voltage
levels by injecting ,orvabsorbing power as needed, improving power quality for the
customer.

Grid frequency regulation: BESS located on the utility-side can respond rapidly to grid
frequency. fldctuations, helping to stabilize the grid by injecting or absorbing power| as
needed to maintain a stable frequency.

Renewable Integration: Utility-scale BESS can smooth out fluctuations in renewable
energy generation by storing excess energy during peak generation and releasing it
during low generation periods, helping integrate renewables more effectively.

3)

4)

5)

6)

7)

Peak shaving: Utility-scale BESS can reduce peak demand on the grid by discharging
stored energy during periods of high demand, thus relieving stress on generation and
transmission resources.

Ancillary services: BESS can provide ancillary services like spinning reserves, voltage
support, and reactive power to maintain grid stability and reliability.

Black start capability: Utility-scale BESS can provide essential power for restarting
critical grid components in the event of a complete blackout, helping to restore power
more quickly.

Congestion relief: BESS strategically placed at congested grid points can alleviate
transmission congestion by providing additional power where it is needed most.

Grid resilience: Utility-scale BESS can enhance grid resilience by providing rapid
response capabilities during disturbances, ensuring stable grid operation during
unexpected events.
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8) Wholesale market participation: BESS can participate in electricity markets by buying
low-cost energy during off-peak times and selling it back to the grid during high-demand
periods, potentially generating revenue.

Both behind-the-meter and utility-side BESS have valuable roles in enhancing grid stability,
efficiency, and sustainability. The choice of deployment depends on factors such as customer
goals, grid needs, and regulatory environment.

The regulatory framework for BESS can vary based on whether the system is deployed behind
the meter or in front of the meter (especially in the US). These terms refer to the location of the

BE SS-inrelationto-the—utiitv's—meter
Po—H e O ROt e—thity-S—Hete+

1) |Behind-the-meter (BTM) regulations:

a) Consumer focus: Regulations governing BTM BESS tend to prioritize consumer rights
and benefits. Customers deploying BTM BESS are often subject to_less stringent
regulatory requirements compared to utilities, as they are primarily usingithe system to
optimize their own energy consumption and reduce costs.

b) Distributed energy resources (DERs): BTM BESS regulations are often designed to
encourage the integration of distributed energy resources, such)as rooftop solar panels
and energy storage, into the grid. These regulations can includelincentives, net metering
programs, and simplified interconnection processes.

c) Rate structures and incentives: Customers with BTM,BESS can benefit from favorapble
rate structures, such as net energy metering (NEM);<which allows them to offset their
energy consumption with the excess energy they_generate. Incentives and tax credits
for residential and commercial energy storage installations are also commonly available.

d) Grid interaction: BTM BESS typically have fewer requirements for grid support serviges,
as their primary function is to serve the:individual customer's needs. However, some
regulations can encourage BTM BESSdoyparticipate in demand response programs|for
grid stability.

2) |Front-of-the-meter (FTM) regulations;

a) Grid integration: FTM BESS (are subject to more comprehensive grid integration
regulations, as they play a ditect role in supporting the overall grid operations. The¢se
regulations are aimed at ensuring the smooth integration of utility-scale storage into the
grid's infrastructure.

b) Grid services: FTM BESS regulations often require these systems to provide spedific
grid services, such as frequency regulation, voltage control, and grid stabilization. The¢se
services contribute to maintaining grid reliability and stability.

c) Market participation: FTM BESS regulations can allow these systems to participate in
electricitynmarkets, providing services such as energy arbitrage (buying low and selling
high) @and providing ancillary services. This often requires adherence to more complex
market'rules and participation agreements.

d) Grid operator control: Regulations for FTM BESS can include provisions for grid
operators to have more direct control over the operation and dispatch of the systems to

~Waldla a a a\Vvel o on a olien-nolpresen a) = AV . 2

The difference of regulation strictness generally depends on the specific aspect being
considered. BTM BESS regulations are often more consumer-friendly and can involve fewer
technical requirements, allowing customers more flexibility in how they use and deploy their
energy storage systems. FTM BESS regulations are more focused on ensuring grid reliability,
stability, and integration, which can result in stricter technical and operational requirements.
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Key factors for BESS operation
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Figure 12 — Reuse batteries that can be utilized t0)BESS
in recognition of the role in the grid network

Figure 12 summarizes the concept of how to decide the us€. of repurpose and reuse battej
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Figure 13 shows the difference in flow between new and used batteries used in the system,

Fof
it ig

At
ned

EC

ies

BESS. However, it is important to note that the regulatery-landscape is continually evolving,

the specific regulatory environment can differ significantly from one jurisdiction to anoth
recommended to consult local regulatory authorjtie€s and experts to understand the preg
ulations applicable to BTM and FTM BESS deployments in a particular area.

Issues related to information required.for BESS design and operation

the system operator, if the battery is new, it can be received from the manufacturer, by
a used battery, it will be received through the intermediary of the collector and its provig

this time, the information obtained at process 4 and 2 process in Figure 13 are
essarily the same.

er.
ise

tif
er.

not

Process/1. Process 2. Process 3.
Recovery Reuse battery System manufacturer OQperator
/ collectiop-of PrOVIder _ (BESS manufacture (service provider)

reuse_& Testing using repurposed and reuse

repurpose batteries)

batterie’s

responsibility
Sgstem manufacturer
(BESS manufacture)
Battery Manufacturer Process 4.
(New battery)

IE

Figure 13 — Difference in flow between new and used batteries
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The amount of information and certainty obtained will depend on the reuse battery provider. In
the case of a new battery, the information required will be obtained from the manufacturer. On

the

other hand, the condition of the battery depends on process 2.


https://iecnorm.com/api/?name=270ed846d1294c27d65dfab3301db7bb

- 38 - IEC TR 62933-2-201:2024 © |IEC 2024

There are cases where it is not certain who is responsible for checking the condition of the
battery related to process 2. For example, reuse battery providers can be independent or
individual. In addition, it will be assumed that there can be a case in which one company
performs system assembly from collection.

In any case, the system manufacturer will provide the service to the operator and be responsible
for the service. Therefore, the acceptance of the system to function normally regardless of the
form of process 2. or process 4, and the obligation to provide stable service to the operator are
imposed.

used in BESS to overcome these challenges. There are some special circumstances whgre
relipbility is cited, such as using the same affiliated company to obtain information related to
process 2 and process 4 above.

It }fs been seen In Clause 6 that there are cases where repurpose and reuse batteries jpre

Fudthermore, as shown in Figure 14, it is necessary to assume that repurposSe and relise
batteries will be distributed in various system levels and configurations. Imsuch a situation, it
is ecessary to assume that the information obtained in "process 2" in Figure 3 is not sufficignt.

Pack
A series of individual modules and protection
systems organized in a shape that will be installed in
a vehicle or a functional system.

Battery Module
A collection of cells connecied in series or in parallel.

Battery Cell
A single unit device which converts chemical energy
into electrical energy.

IEC
Figure 14 — Battery cells, module and pack

It ig important toxmake a rule that prohibits the use of rechargeable batteries if a collector qr a
provider of repurpose and reuse batteries fails to provide the necessary information. On the
other hand( the effectiveness of the rule is uncertain if there are no concurrent rules unfder
which the-provider of information responds to the request. To address these concerns, the
requirements for data traceability and data provision in battery repurposing are specified in
IEG 63330-1 [19]. At the same time, it has been seen in Clause 8 that the condition of fthe
battery varies depending on the history of its use, making it difficult to make a complete
prediction.

It is necessary to examine the acceptance conditions, design and operation methods for the
operators that use it as a system to fulfil their responsibilities to the operator. In addition to the
stable control during service provision, it is also important to consider how to dispose of it after
use when considering the life cycle of a system.
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Annex A
(informative)

Application scenarios and industrial policies in China

A.1  Power battery echelon utilization and its main value scenarios

Echelon utilization refers to the reuse of a power battery after its capacity decay reaches the
decammissioning condition, and after power quality and safety and economic evaluation it
mepts other low standard use scenarios through sorting and reorganization. Figure A.1 shqws
scgnarios for power battery echelon utilization.

The¢ remaining capacity potential of retired power batteries are brought into (play and pgre
clagsified them for use in suitable scenarios such as "cyclic energy storage and'backup power
with low and medium capacity requirements, so as to enhance the application, value of poywer
batteries in the whole life cycle.

. =3

A [ ] Capacity 80%-60%, Energy storage L Energy;:’r)ge}ower station, base station power
P .
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‘ s [ ] Capacity 60%-20%, Backup power " - F-.: Stavgd\h&‘(wer. low-speed power for parks, homes
‘!‘ﬁ IH e

s
- <%
IE

Figure A.1 — Scenarios for power battery echelon utilization

C

The¢ decommissioning conditions and-e¢heloning classifications are as follows.

— |Decommissioning conditions:*Eor EVs with lithium iron phosphate and other power batteries,
if the charge and discharge capacity is reduced to 80 % of the initial value, that is, the
energy efficiency is less than 80 %, they will meet the conditions for retirement based|on
safety and reliability considerations.

— |Criteria of classjfication: Decommissioned batteries with a capacity of 60 % to 80 % pre
classified as Class |, 20 % to 60 % are classified as Class Il, and those with a capacity less
than 20 % are recycled.

By [referring 1o typical standards, not only can unqualified batteries be eliminated, but battelies
car] alsobeclassified according to their remaining available capacity, for application in different

scgnarios. Retired traction batteries with a remaining capacity of 80 % to 60 % of the rafed
valyileXcan be used for power system source network load storage linkage based on battery
packs or modules. They can participate in new energy grid connection an ermal power

frequency regulation on the generation side and be matched with distributed power sources and
microgrids on the user side, as well as serve as energy storage devices for parks and
households. Due to low charging efficiency, retired traction batteries with a remaining capacity
of 60 % to 20 % of the rated value are mainly based on their low-speed discharge capacity and
used as backup and low-speed power supply for emergency scenarios, such as daily lighting,
UPS backup power supply, low-speed electric vehicle power supply, and temporary power
supply in remote scenarios.

A.2 Industrial policies

National and local government policies and industry association assistance facilitate the
development of power battery echelon utilization industry in China.
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Since 2012, China has issued a series of policies to support the echelon utilization of power
batteries. Some of the representative policies are shown in Table A.1.

Table A.1 — National policies of echelon utilization in China

Issue date Main issue dept. Documents Content
June 28th, State Council Energy-saving and New Clear requirements are put forward for the
2012 Energy Automobile construction of power battery recycling

Industry Development Plan
(2012-2020)

system and echelon utilization managemgnt
system.

Jahuary 5,
2016

National
Development and
Reform
Commission

Technical Policy for the
Recycling of Electric
Vehicle Power Battery
(2015 Edition)

A guiding document which aims to)guide the
enterprises to reasonably carry.out’the
design, production and recycling of electric
vehicle traction batteries, and to establish a
power battery recycling system formed by
upstream and downstream enterprises.

Jahuary 26,
20[18

Ministry of Industry
and Information
Technology

Interim Measures for the
Administration of Recycling
of New Energy Vehicle
Power Battery

It specifies the reSponsible entities and
their responsibilities for the design,

production, reeycling, echelon utilization gf
electric vehicle power batteries.

Market Regulation
and Ministry of
Industry and
Information
Technology

new energy vehicle
traction battery echelon
utilization products

February Ministry of Industry | Pilot Implementation Plan Announcement to carry out pilot work on
22Pd 2018 and Information for Recycling and theeeycling of new energy vehicle powe
Technology Utilization of New Energy batteries in some selected regions of
Vehicle Traction Battery Beijing, Tianjin, Hebei Province, the
Yangtze River Delta, the Pearl River Deltg,
and the central region of China, including
building recycling system, exploring
diversified business models, promoting
advanced technology innovation and
application, and establishing and improving
policy incentive mechanism.
Adgust 19th, Ministry of Industry | Management' Measures for | Clarify the management requirements for
20R1 and Information the Echelon Utilization of echelon utilization and recycling
Technology New Energy Vehicle Power | enterprises, and the quality requirements
Battery for echelon use battery products.
Dgcember Ministry of Finance, | Announcement on From March 2022, the value-added tax
30th, 2021 and State Taxation~ s Improving the Value Added | rebate ratio of traction battery recycling apd
Administration Tax Policy for battery disassembly enterprises will be
Comprehensive Utilization increased from 30 % to 50 %, providing tgx
of Resources incentives for the traction battery reuse and
recycling industry.
March 2nd, State Announcement on Announcement to carry out voluntary
20R3 Administration for conducting certification of certification of new energy vehicle power

battery echelon utilization products, and t
establish a publicly accessible database fpr
certified echelon utilization products.

O

Policy points are listed as follows:

— Clarify the management requirements of the echelon utilization of new energy vehicle power
batteries, involving the enterprises and products of echelon utilization, recycling
specifications

— Focus on the quality of echelon use battery products.

— Support the research and development of key generic technologies and equipment for
echelon use batteries to promote their application.

— Guide the collaboration between industry, universities, research institutes and users, and
encourage the construction of new business model innovation and demonstration projects
for echelon utilization.
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Based on the policy, the series of standards for power battery recycling GB/T 34015 and
dismantling specification GB/T 33598 are under continuous development and publication.

The parts in power battery recycling GB/T 34015 are mainly related to the "automotive power
battery recycling, gradual utilization Part 3: Gradual utilization requirements" (GB/T 34015.3-
2021), "automotive power battery recycling, gradual utilization Part 4: Gradual utilization
product marking" (GB/T 34015.4-2021).

A.4 Local policy (Shanghai Government policy)

On|July 11th 2022, Shanghai Municipal People's Government issued a key document titlled
"SHanghai Action Plan Aiming at the New Track to Promote the Development of Green-and Low-
carpon Industries".

The policy points are listed below:

— |proposal to develop the recycling industry of retired power batteries;

— |building of the traceability and management recycling network system of the whole poyer
battery industry chain in the city;

— |promoting the development of power battery recycling technology, process, equipment, and
industry cluster.

As |of November 16, 2022, the Ministry of Industry and Ilnformation Technology has releaged
the| list of four batches of enterprises that meet, the industrial specifications for fthe
comprehensive utilization of waste power batteries; a total of 88 enterprises, including
4 egnterprises in Shanghai that meet the specificatiens and standards.

A.% Other initiatives

Echelon Utilization Alliance was established, including new energy vehicle enterprises, battery
mahufacturing / recycling and eehelon utilization enterprises and upstream and downstrelam
enterprises in the industry chain;-universities, scientific research institutions and social groups.

On| 18th April 2019, a cross-industryZahd non-profit alliance, Power Battery Recycling }nd

It aims to explore the economy, safety, protection and resource maximization of power battgry,
promote the construction of industry norms and standards, and share and exchange experience
with peers around the)world.

Allignce activities and industry summits are routinely carried out, and 13 group standards slich
as [GeneratRequirements for the Production of Recycling Enterprises of Used Power Batteries
haye beenuinitiated.

A.¢

Clause A.6 provides an overview of echelon utilization standards and screening standards in
China.

At present, China has constructed the standard system framework of traction battery echelon
utilization. In terms of general standards, it is mainly for the requirements of vehicle traction
battery specifications, coding rules, dismantling specifications, and residual capacity detection
issued by the General Administration of Quality Supervision and Quarantine. In terms of echelon
utilization standards, there are mainly relevant requirements for echelon utilization of vehicle
traction batteries at the national level and normative requirements for local utilization. The
following two tables list (Table A.2 and Table A.3) representative standards.
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Table A.2 — General standards of echelon utilization in China

used in electric
vehicle —
Dismantling
specification

operating procedures,
storage and management
requirements for the
dismantling of used traction
battery packs and modules

GB/T 34013-2017

Dimension of

Specifications and

Std. No. Name Content Issue Dept.
General GB/T 33598-2017 Recycling of Terms and definitions, General
standards traction battery general requirements, Administration of

Quality Supervision,
Inspection and
Quarantine of the
People's Republic of
China

traction odtiery

dimensions of tractiom battery

for electric units, modules and standard
vehicles boxes

GB/T 34014-2017 Coding The object, code structure
regulation for composition, code structure
automotive representation method and

traction battery

data carrier of automobile
traction battery coding

GB/T 34015-2017

Recycling of
traction battery
used in electric
vehicle — Test of
residual capacity

Definitions, symbols,
detection requirements,
process and detection
methods of residual energy
detection of residual capacity

Table A.3 — National level and normative requirements for local utilization in China|

Std. No. Name Content Issue Dept.
Eghelon GB/T 34015.3-2021 Recovery of General requirements, State Administration
N traction battery appearance and for Market Regulatign
uitilization used in electric performance requirements
standards vehicle — Echeléh | of echelon utilization of
use — Part traction battery
3:Echelon:using
requirefmient
DB34/T 3077-2018 Technical General requirements of Anhui Provincial
Specifications for discharge before Bureau of Quality and
the discharge of disassembly of used Technical Supervisipn
battery-recycling lithium-ion traction
used in electric batteries
vehicles
DB31/T 1053-2017 Specification for Basic principles, of traction | Shanghai Municipal
recovery and battery recycling, and the Bureau of Quality and
utilization of conditions of disassembly, Technical Supervisipn
traction batteries detection and echelon
for electric utilization of used traction
vehicles battery
DB44/T 1203-2013 Specification of General requirements for Guangdong Provincial
recycling lithium- the collection, storage, Bureau of Quality and
ion batteries for transportation, treatment Technical Supervisipn
UiUb‘llib VUiIibiUb dlld Iﬂbybiillg Ulr th‘u‘
lithium-ion batteries
A.7 Business models

Policies incentives and demand traction promote the construction of power battery echelon

utilization industry chain and business models.
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Power battery echelon utilization policy incentives
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Figure A.2 — Power battery echelon utilization policy incentives

Figure A.2 shows power battery echelon utilization policy incentives in China and Figure A.3
shqws the business model of power battery echelon use industry.

The current industry cultivation is mainly based on the demonstration and drive of benchmpark
projects supported by national policy incentives and local preferences; participating enterprises
haye not yet formed ecanomies of scale.
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Business model of power battery echelon use industry
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Figure A.3 — Business model of power battery echelon use industry
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Annex B
(informative)

EUROBAT
(Association of European Automotive and Industrial Battery
Manufacturers)

EUROBAT (Association of European Automotive and Industrial Battery Manufacturers) is the
leading association for European automotive and industrial battery manufacturers, covering all
batfery technologies fo study all matters of inferest to storage battery manufacturers and their
sul}-contractors in Europe, the Middle East and Africa (https://www.eurobat.org/hvp-
content/uploads/2022/03/Joint_industry_paper_future_Batteries_Regulation_January42022| FI
NAL.pdf).

The¢ Technical Annex to the EUROBAT White Paper 'Battery Innovation Roadmap 2.0' [23]
provides the reader with more in-depth technical background on the state-of<pfay and innovation
potential of the mainstream lead-, lithium-, nickel- and sodium-based batteries, as well as|on
promising future battery technologies with a horizon up to 2030.

Theé Annex consists of two main parts.

ThI first part analyses the state-of-the-art and potential fot/improvement of each identified
battery technology in relation to their intrinsic performance; safety and environmental aspedgts.

As |patteries are designed to be used in particular applications, the second part of the Annex is
evgn more important and analyses the mainstream battery technologies used in crit|cal
applications in support of the objectives of the.Green Deal. In this part Il, the battery KPIs pre
corjsidered per application as the innovationcpriority areas for the different mainstream battery
technologies are strongly linked to this.

As [the safety aspect for the auxiliaryservices is also crucial, lead will generally remain the
prefferred option, both flooded and, AGM battery types. For lithium-based batteries, LFP and
LTO batteries will become the anode chemistry of choice for such applications.

Nolinternational standard is_¢urrently available for auxiliary batteries. However, IEC TC 21 WG2
of TC 21 is working ona standard for this battery type (both lead and Li-ion batteries) focusing
on fest methods and-requirements, dimensions and functional safety / diagnosability.
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Annex C
(informative)

Regulatory trends in Japan

C.1  Overview

In October 2020, the Japanese government declared its goal of becoming carbon neutral, which
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ans that overall greenhouse gas emissions will be zera by 2050

Dctober 2021, the Cabinet also approved a greenhouse gas reduction target for 2030 044
bw the 2013 level.

esponse to these policies, the Ministry of Economy, Trade and Industry (MEW) launche
lic-private council to study the storage battery industry strategy and began’its activities

January 2022, the Study Group on Sustainability of Storage Batteries was launched a
committee of the above council.

ember 18, 2021 and published the Storage Battery Industry Strategy ©n-August 31, 2022.

%
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In this study group, discussions on carbon footprint and human rights and environmental due

dili

C.7

C.2

The first part of the strategy describes the\importance of storage batteries.

Bat
in B

In ¢

jence are particularly advanced.

) Storage Battery Industry Strategy

.1 General

teries are key to achieving carbon heutrality in 2050 and are the most important technol
EV and so on.

rder to make renewable-energy the main source of power, it is essential to deploy batteri

gy

eS.

The¢ batteries are antessential piece of infrastructure supporting the foundations of a digital

SO(Q

There are 7 items in the Battery Industry Strategy [11], [25]:

1)
2)

iety (e.g., a back-=up power source for 5G communication base stations and data centres

policy-package for further expansion of domestic base to achieve manufacturing targets;

stfategic formation of global alliances and global standards;

).

3)
4)
5)
6)
7)

bcbulillg Upbi.lb‘dlll resources,

development of next-generation technologies;
expansion of a domestic market;
strengthening human resources development;

improving the domestic business environment.

Items 2), 5), and 7) will be introduced as items related to reuse of batteries in this document.

C.2.2 Strategic formation of global alliances and global Standards

Promotion of the following items to establish international rules and to form global standards

for

safety.
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The Storage Battery Industry Strategy by METI examines carbon footprint calculation method
and risk assessment and reduction in the supply chain (due diligence). At the same time, there
is harmonization with overseas systems while starting trial projects.

Consideration of measures such as standardization of battery safety and promotion of third-
party testing and verification services.

Cc.2.3 Expansion of a domestic market

It is important to stimulate domestic demand for batteries in parallel with the strengthening of
the[sUppty Stde.

To|promote EVs, active support of the purchase of EVs and the development of rechargling
inflastructure to achieve 100 % EVs in new car sales by 2035.

To |promote stationary battery systems, in addition to providing support for the introduction of
stofage batteries for stationary use, improvement of the environment, inéluding institutional
review of storage battery facilities installed alongside power generation;will be considered in
light of the clarification of the position of storage batteries under the revised Electricity Busingss
Act.

Ensuring safety and the security required for infrastructure( systems for stationary storage
battery systems connected to the power grid.

C.4.4 Improving the domestic business environment

Prgmotion of the following items to strengthen the€énvironment for the manufacture and usg of
stofage batteries in Japan.

To |promote recycling and reuse of batteries,”examine measures to strengthen the collection of
usgd batteries, revitalize the reused._battery market, and establish a domestic recycling
inflastructure and system by 2030.

As |efforts to ensure sustainability, investigation of the calculation of CFP, assessment and
reduction of risks in the supply chain, promotion of reused and recycling, and the data platfgrm
required for these. A trial initiative was launched in 2022.

On|May 31, 2023, the Ministerial Ordinance of the Fire and Disaster Management Agency was
revjsed. Previously, batteries of 4 800 Ah cell or more were subject to the Fire Act, but those of
10 KkWh or lesstand those of 20 kWh or less with fire prevention measures taken are rjow
exdluded frommthe regulation.

C.3 . Study Group on Sustainability of Storage Batteries

C.3.1 General

The following four items have been identified as initiatives of the Study Group on Sustainability
of Storage Batteries [26]:

e carbon footprint
e human rights and environmental due diligence
e reuse and recycle

e data collaboration
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C.3.2 Carbon footprint

As for CFP, issues such as the scope of calculation, measurement of activities, emission
intensity, units of comparison, and exchange of information among stakeholders are being
discussed in depth, and a trial project has been started in 2022 (see Figure C.1).

Automotive OEMs ask upstream suppliers to perform calculations, and suppliers provide the
information to downstream companies via the secretariat in METI. The automotive OEMs will
compile the results and submit the final results to the secretariat.

Al§T s (Natiomat Institute of Advanced ndustrial Sclence and Technotogy) IDEA (Inventory
Database for Environmental Analysis) is used for calculation.

> secretariat secretariat
Submit detailed Only GHG Submit detailed Only GHG
data including emissions are data including emissions are
activity data shared activity data shared
downstream downstream
A\ 4
- Automotiye .
[ [TierN Tier1 K |:> secretarit
Calculation Calculation OEM -
request request Final regults
submission

IEC
Figure C.1 — Trial project'on CFP

Cufrent perceptions in the study group include thefollowing:
e [Proposed CFP calculation method for automotive batteries, presenting a framework| of
possible CFP calculation levels.

e |A wider range of products and businesses should be targeted.

e |Cooperation from a large number'of suppliers, including overseas businesses, is necessary,
but the current voluntary framework is limited in its ability to involve a large numbey of
businesses.

Fuflure issues to be considened are as follows.

— |The calculation method will continue to be improved.

— |Incentives are(needed to engage a wider range of businesses (e.g., subsidy requirements
for end-product installations, legal action, etc.)

— |Consideration of a mechanism for third-party certification of calculation results.
— [Mechanisms for data information exchange and collaboration need to be considered.

Regarding making CFP a requirement: Consider making it a phased requirement, for exam;l)le,
startwith calculation only, then proceed to information disclosure.

1) First, consider not publishing the CFP value and report the results to METI.
2) Several support measures are already underway to consider making CFP a requirement.

The first is a requirement under the Act on the Promotion of Economic Security for a project to
support the strengthening of the storage battery manufacturing SC, and it has already been
introduced. In this requirement, the CFP will be reported to METI and is not disclosed.

The second is a requirement in the Clean Energy Vehicle Introduction Promotion Subsidy, which
is under consideration for introduction. Hearings are scheduled with related businesses with
the aim of introducing the system in 2024 or later.
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C.3.3 Human rights and environmental due diligence

For due diligence, discussions are being deepened while also taking into account the study of
the "Study Group on Guidelines for Respecting Human Rights in the Supply Chain", and a trial
project has been started in 2022.

In the project, the target materials are lithium, cobalt, nickel, and graphite as mineral substances
for which demand is expected to grow with the increase in storage batteries.

There are two parts to the target risks: environmental and human rights.

Thl following risks are listed for the environment.

— |atmospheric effects by dust from mining area;

— |effects on water by pumping up large amount of water;
— |effects on water and soil by chemicals used for mining;
— |impact on biodiversity by deforestation;

— |health hazard and impact on local communities by contaminated water, soil, and air.
The¢ following risks are listed for human rights:

— |impact on occupational health and safety and risks of foréedlabor caused by toxic materijals
and inadequate protective equipment and safety measures;

— |risks of child labour due to livelihood dependence ©n mining in poor areas.
The risk identification procedure is as follows (see\Figure C.2).

a) |check with suppliers to see if there are any‘environmental or social impacts; if not
b) |confirming the checking method (with ot 'without interviews with local companies).

The first trial will focus on whether theframework works.

Check for environmental response that  Result (1) :
and social impacts at S Impac . There are risks
suppliers _ Result (2):
E-mail etc. No responce Risk unconfirmed
Received response that no
impact
Check if.there are Result (3) :
intefuiews with local . > No impact
companies Not (without confirmation)
implemented
l Implemented . . . . . .
» Considered high risk suppliers in the
Result (4) : order (1)-(4)
No impact > AS anm mittar survey, determine the

percentage of suppliers that fall under

(D-(4)

(confirmed on site)

IEC
Figure C.2 — Risk identification procedure

C.34 Reuse and recycle

Research is underway on the distribution of used batteries. It was found that 51 % of the
batteries were reused after dismantling. Details on the distribution situation after intermediate
treatment and the reuse market are unknown. Continue to investigate the details of the actual
distribution situation.
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Scope of future research:

a) Reuse facts:
— applications (automotive, others);
— actual market conditions (price, quality).
b) Actual condition after intermediate treatment:
— treatment method;

— distribution of incineration residue.

C.3.5 Data collaboration

As [for data collaboration, specific use cases in CFP and DD are being discussed.

The issues dealt with are as follows.

1) |identification of required data;
2) lidentification of basic requirements for system design;

3) |cooperation with overseas.

The details of each item are listed in Table C.1.

Table C.1 — Discussion points in CFP and DD use cases for storage batteries

Issues CFP of storage batteries DD of storage batteries
(1] Identification of required Activity Environmental risks
data Emission intensity etc. Human rights risks
(to be considered in the trial project) (to be considered in the trial project)

(2] Identification of basic Identification method, scope of data sharing, Open API, costs,
requirements for system Standardization of data sets, security, participation of SMEs
design

(3] Cooperation with Coordination with overseas regulations (EU Battery Regulation)
overseas Coordination with foreign platforms (e.g. Catena-X)

Organize a mechanism_to link data from the operational aspect of trade secrets to the technijcal
aspect of data propagation, ensuring scalability and economic rationality while maintainjing
corporate trade secrets and data sovereignty, so that data in the supply chain and value chjain
carn be shared and-.utilized across companies.
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Annex D
(informative)

Regulatory trends in Korea

D.1 Market trend in Korea

The EV market will surge from $136 million in 2020 to $187 million in 2025, and it will lead the
growth and scale of domestic battery market Figure D 1 shows the growth of the battery market

in terms of market. It is clear that EV batteries will dominate the market demand in Koreab‘

Q
= 3%

1000
00
€00
400

0

EV BAT Industria@ﬂ Electronic device BAT

Q

Figure D.1 — Electric vehicle battery market trend in Korea

IEC

The¢ Korea EV market continued to g&%v led by Hyundai Motor Group, while Tesla's sales
deglined as it raised vehicle priceé)and lost subsidies. Figure D.2 illustrates a comparison
ampng different companies, with-a particular emphasis on the significant growth of Korean
automakers. C)\\

.

BRAN O® 2020 2021 2022 Growth rate Growih rate
Sales W5 Sales %W Sales Y @2 @2
Hyundai@»emup 27,888 59.5 71807 7.1 120438 739  157.8% 67.5%
deaa 18,952 40.4 42899 424 71,019 436  126.4% 65.5%
O|ON|QS - - 22671 224 27,399 16.8 - 20.9%
C)é POTER2EV 9.037 19.3 15,805 15.6 20418 125 74.9% 29.2%
Q/ KIA 8,936 19.0 28,998 28.7 49,419 303  2245% 70.4%
\ E\'Js - - 1|In23 1n_0 zﬂ‘séz 1R‘2 - 1:}R.RQL
BONGO EV 5357 114 10,728 106 15,373 9.4 100.3% 43.3%
TESLA 11,826 25.2 17,828 17.6 14571 89 50.8%  A18.3%
MODEL3 11.003 235 8898 88 7323 45  A19.1% 17.79
MODELY - - 8891 88 7248 4.4 - A1859
BENZ 608 1.3 1,363 1.3 5006 3.1  1242%  267.3%
BMW 152 03 366 0.4 4888 30  140.8% 1,235.5%
POLESTAR - - - - 2,794 1.7 - -
AUDI 601 13 1553 15 2771 17 1584% 78.4%
ETC 5834 12.4 8105 8.0 12519 7.7 V% 54.5%
Total 46909 100 101,112 100 162,987 100  1155% 61.2%

IEC

Figure D.2 — Electric vehicle sales in Korea
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In 2022, a total of 389 855 electric vehicles were present in Korea as shown in Figure D.3.
Based on the number of EVs introduced by year, if 20 % of reuse batteries are collected, it is
expected that there will be 0,9 million units in 2030, 1,9 million units in 2031, and 3,2 million
units in 2032.

Electric Vehicle Registration Status

24.5%

The proportion of electric vehicles
among eco-friendly cars

15.0

20.0

16.5 39.0

2018 2019 2020 2021 20

(10,000 units)

@Gj IEC
A

Figure D.3 — Electric vehicles Qe@ence in Korea

As mentioned above, there is an increasing nu fbatterles from electric vehicles circulafing
in the market. On the other hand, reuse and r. érpose stage, as illustrated in Figure D.4} is
beihg considered. In order repurpose and re he batteries, battery performance needs to| be
me

psured and stability needs to be endur@ hen batteries reach EOL for EVs.

EV battery performance
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Figure D.4 — Stages of repurpose and reuse batteries from electric vehicles in Korea

%C—ase in electric car

IEC

D.2 BaaS industry development in Korea

D.2.1 Policy development in Korea

The BaaS demonstration project was announced in the '203 to 2025 industrial innovation base
construction roadmap by Ministry of Trade, Industry and Energy (MOTIE). As shown in
Figure D.5, the Ministry of Land, Infrastructure and Transport (MOLIT) is preparing a separate
registration/management system for batteries when registering electric vehicles.
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Figure D.5 — Policy developmentdn-Korea
D.3.2 Battery and electric vehicle companies based on repurpose and reuse batterjes
Baftery and electric vehicle companies are develaping and preparing for commercialization of

varjous application products and services based on repurpose and reuse batteries ($ee

Tatple D.1).

fable D.1 — Battery and electric vehicle companies based on repurposed and reus¢

Company

Description Classificatipn
SyngEl HiTech LGES, Samsung SD{;-8K ON, 3 domestic battery makers, Hyundai Motor Reuse
Company, etc.
Hylundai Glovis Development.-of\srenewable energy power grid models and complexes to Reuse
achieve carbon neutrality and improve power grid utilization efficiency.
Establishmeént of energy storage utilizing used batteries and supply of
electricity linked to renewable power generation in Shinan County
EdoPro CnG Signéd a long-term supply contract with LG Energy Solutions for waste Repurpose
batteries in 2019.
Started the Battery Recycle Plant (BRP) in Pohang, Korea
PQSCO HY Established a joint venture with China's Huayu Cobalt Co. Repurpose
Clean Metal

(Recycling business to extract NCM cathode materials and supply them as
cathode materials)

ISIDONGSEO

nveste equity in Canadian hattery recycler Recion
| ted 5 Y Juity C d hattery ycler R

(with patented wet smelting technology) as a strategic investor

Rnlnurpnen

PMGROW

Built 'Battery Green Cycle Camp' in Pohang, including design and
manufacturing of electric vehicle battery packs and ESS utilizing used
batteries.

Reuse

POEN

Receive defective battery packs from Hyundai or EV owners, inspect them,

and repackage only the defective modules for sale to application
manufacturers.

Selectively replace and repackage only defective battery modules and sell
them to application manufacturers.

Recycle

Power Logics

Establishing a pilot production facility for ESS reuse with Hyundai Motor
Company

Reuse
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D.2.3 Testing and certification center for BaaS system (KTR)
Figure D.6 is an example of establishment of battery status tracking (history management)

system that can predict battery safety/reliability inspection technology and remaining life to
revitalize the BaaS market which is organized by Korea Testing & Research Institute (KTR).

Current Status Map of Center for Secondary Battery

e

scaled secondary battery

Baa$S center of KTR

est and certification
center of secondary
pattery

b ittery test center

Test and certification
en er of secondary battery

Recydling ceter for
reuse battery
EHectric motorcydle battery
Shared Station
Retum center
for reuse battery
ling industrialization

cetar for reuse battery & Available with existing infrastructure centers
> Relevance to all rear businesses

Increasing synergy

2 - et © > - A &
e Test facility for .
Data éeptér storage faclity performance . Sp.emﬁc Facility for S,
of battery and safe vibration room

IEC
Figure D.6 — Current status map’/of centre for battery in Korea

Talble D.2 describes detail of the testingiand certification function in KTR. It can be seen that
all hecessary functions are integratedinto one site.

Table D.2 — KTR testing and certification centre for BaaS System

New buildings Description
D4ta centre Establishment of a BaaS platform data centre that receives used battery samplgs
and manages the BaaS life cycle history (ID number and status information of
using and used batteries, test results, and operational specifics, etc.)
Stprage facility of battery Establishment of a centre that classifies received used battery pack samples by
pre-treatment, diagnoses the disassembly and primary performance of packs ar|d

modules, and automatically stacks and stores batteries by sectors.

Telst facilitynfor Establishment of a centre that accurately diagnoses KC tests of used batteries
pefformanee and safety (packs, modular units) using multi-purpose charging and discharging machines
and environmental/performance/safety tests using stationary chambers and
charging and discharging machines.

Specific vibration room Establishment of a centre that conducts vibration/shock tests to confirm the
adequacy of transportation and mobility applications of used batteries (packs,
modular units).

Facility for SAT Data-based battery condition diagnosis result reliability verification, field test for
BaaS application, type test for fault verification, and on-site maintenance support.

Figure D.7 illustrates the operation of life-cycle status tracking data platform centre to provide
subscription-type battery/battery system history management, analysis, and diagnosis services
for BaaS:
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Figure D.7 — Battery life cycle data historical management
The following are details of each stages in Figure D.7.
1) |Operation and management of first life data

e Collect BMS data from more than 2 000 EV vehicles on the road. At this time, not gnly
new vehicles with 100 % SOH value, but also'vehicles that have deteriorated to 80 % to
90 % over a long period of time, and colleet and analyze battery data during use.

¢ Installation of a communication module device to transmit data from the EVs’ local BMS
to a real-time Baa$S platform.

e Development of Al-based learning model technologies such as battery abnormglity
detection, future performance and life prediction, and condition monitoring.

2) |Test and classification of KC, 10031

e Condition diagnosis. @and residual value rating evaluation according to battery
life/application.

e Develop and standardize battery health inspection process and BaaS sysfem
performance/safety test procedures by grading the safety level according to the BMS
condition in“the battery system and classifying the test method accordingly.

e Perform:KC 10031(Safety requirements for lithium rechargeable batteries for reusg of
spent'batteries) testing.

3) |Operation and demonstration of second life data

e {,Demonstration of subscription-type BaaS system and establishment of regular

|~ "maintenance inspection system through real-time data collection/diagnasis/evaluafion

activities for subscription-type battery/battery system operators by application.

e Consistency verification of e-mobility data analysis and battery condition estimation
results.
o Verification of applicability/utilization of BaaS application through mobile ESS

demonstration operation.
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Annex E
(informative)

Case study in China

First power battery disassembly and utilization line in Shanghai

Shanghai Action Plan Aiming at the New Track to Promote the Development of Green and Low-

caWW_@MmWMW&LMM
battery echelon utilization:

An
pro

China's power battery decommissioning recycling and echelon utilization industryjis’'ma
concentrated in Beijing, Shanghai, Tianjin, as well as other cities with a largésnumbe
new energy vehicles in Yangtze River Delta, and Pearl River Delta regionsyShanghai
five enterprises in line with the "New Energy Vehicle Waste Power Batteny) Comprehens
Utilization Industry Specification Conditions" (88 nationwide).

In July 2022, Shanghai's first localized power battery disassembly.and utilization line

ver

nly

of
nas
ive

vas

completed, forming a long-term mechanism for localized waste powet battery recycling and

utilization, and setting a benchmark for a safe, environmentally friendly and technologic
advanced energy recycling economy. It shows the production line for battery recycling
the used case. (https://www.Iqgpy.com/show-57-4948-1.html)

Factory Environment Decommissioned Power Battery Energy Storage
Demonstration Station

enterprise engaged in retired power battery\recycling and reuse in Shanghai has bui
duction line for echelon utilization of retired“power batteries with annual processing capa

of

batteries and a comprehensive evaluation laboratory for batteries. It constructed a retired po
battery recycling network for car dismantling factories and developed a decommissioned po
battery energy storage station in factory environment with a total capacity of 1,574 MV

(ht

E.3
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0 000 tons (700 MWh), as well as a rapid detection and sorting platform for retired po

ps://www.shyxhbkj. com/chanpinzhongxin/18.html)

Energy supply to'5G base stations based on the echelon utilization of
retired batteries

ower supply compony in Hangzhou provides stable energy supply to 5G base stations ba
the echelon utilization of retired batteries.

5 5G base station is an important communication base station shared by three natig

batteries’with a total capacity of 20 kWh, and the new capacity of 100 kWh retired battery p
forldouble backup

nmunication operators. The original backup power supply in this station is 24 lead-g

ally
in

ta
City
ver
ver
ver
\Vh.

sed

nal
cid
hck

The 5G backup power storage station is adapted to peak-shaving and demand-side response.
Annual savings amount to 36,000 yuan for the communication operators. According to
predictions in 2021, China's 5G base station backup power storage load will reach 78,6 GWh

int

he future.

5G construction and base station energy storage applications open up a large market for the
secondary use of retired batteries, and the scale of 5G base stations is expected to be 8 million
in 2025, with a standby power storage demand of nearly 80 GWh.
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E.4

Development trends and future prospects

Diversified power battery applications continue to expand the echelon utilization of supply space.
Figure E.1 shows a schema of key technologies and factors for evolution.

The demand for backup batteries for base stations in China was 21,2 GWh in 2021, showing a
growing demand for echelon utilization products.

Lithium iron phosphate batteries have been retired in bulk since 2022, with a forecasted volume

of mare than 32 GWh available for gradual use in 2025
+Power quality rapid *Sorting & restructuring
diagnostic tool Technology
+Echelonability *Monitoring &
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Figure E.1 — Key Technologies ‘and factors for evolution
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Annex F
(informative)

Case study in UK and EU

UK case study of repurpose/second life BESS

An organization known for its use of repurpose and second-life battery energy storage systems
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Befefits are as follows:

The following is an example of BESS specifications:

SS) was recognized in 2019 as one of the fastest-growing businesses in the United Kingd
Fe information can be found about this organization at https://connected-energy.co.uk/t

5 organization has been an early advocate of the repurpose or reuse battery.approa
vely contributing to the promotion of this sustainable system. Their efforts notconly adva

mizing their use of renewable resources. Battery supply partners are companies, includ
mobile manufacturers, a major player in energy solutions, a venture capital firm associa
n a leading heavy machinery manufacturer, and an energy technology company.

circular economy but also assist businesses in achieving decarbonization targets Ind

s company in the UK specialises in battery energy storage systems that provide busines
ibility over their power usage demands by providing repurpose and reuse batteries fi
Ctric vehicles.

Reduction in energy cost: Using energy from the‘battery when tariffs are at their peak.

Optimization of renewable energy sources: Renewable energy technology including sq
and wind to store surplus generation and use as and when needed.

ch,
hce

ing
ed

bEeS

ar

Management of peak load: Supporting‘energy-intensive equipment including EV charging

(see later slide for example).
Overcoming capacity constraintsi\Avoiding expensive grid upgrades.
Generation of additional revenue: Providing balancing services to grid operators.

Demand response: With.battery linking to site energy management systems.

power: 300 kW

capacity: 360.kWh

20 ft container

using<24 second-life Renault EV batteries
single or multiple systems working together

F.2 Other example installation of BESS system

F.2

A EV charger

The use of a BESS (e.g. https://connected-energy.co.uk/battery-energy-storage/) to handle grid
load management for multiple electric vehicle (EV) rapid chargers has gained popularity as an
effective solution to address the costly grid upgrade challenge. This system combines two
advanced technologies: repurpose EV batteries, which contribute to the circular economy, and
sophisticated control software that efficiently optimizes available energy.


https://connected-energy.co.uk/
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