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Preface

This is the Second Edition of ANSI/CAN/UL 1974, Standard for Evaluation for Repurposing or
Remanufacturing Batteries.

UL is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.

This ANSI/CAN/UL 1974 Standard is under confinuous maintenance, whereby each revisioh is approved
in compliande with the requirements of ANSI and SCC for accreditation of a Standards’|Development
Organization, In the event that no revisions are issued for a period of four years_fronj the date of
publication, gction to revise, reaffirm, or withdraw the standard shall be initiated.

In Canada, there are two official languages, English and French. All safety warnings must|be in French
and English.| Attention is drawn to the possibility that some Canadian authorities may require additional
markings andl/or installation instructions to be in both official languages.

Comments or proposals for revisions on any part of the Standard may be submitted to ULSE at any time.
Proposals should be submitted via a Proposal Request in_the Collaborative Standards |Development
System (CSIDS) at http://csds.ul.com.

Our Standardls for Safety are copyrighted by ULSE Inc:(Neither a printed nor electronic copy pf a Standard
should be alfered in any way. All of our Standards.and all copyrights, ownerships, and rights regarding
those Standards shall remain the sole and exclusive property of ULSE Inc.

This Edition| of the Standard has been “formally approved by the Technical Committee (TC) on
Repurposing|or Remanufacturing Batteries; TC 1974.

This list reprgsents the TC 1974 mémbership when the final text in this Standard was ballotgd. Since that
time, changes in the membership:may have occurred.

TC 1974 Membership

Name| Representing Interest Category Region
Barrett, Jim ENEL-X Producer USA
Byczek, Rich Intertek Testing and Stds Org USA
Caporal, Sophie BMW Group Supply Chain Germany
Chen, Xinwei Strides Frontier Supply Chain Singapore
Chu, Kuo-Chuan Energy Moana Technology Co. Ltd. Producer Taiwan
Chung, Steven ReJoule, Inc. Supply Chain USA
Coy, Todd KBI Producer USA
Ding, Yi US Army Government USA
Funde, Adinath Savitribai Phule Pune University General Interest India
Harada, Yoshinori 4R Energy Corp Producer Japan
Holmdahl, Bryan Amazon Commercial / Industrial User USA

TC 1974 Membership Continued on Next Page


https://ulnorm.com/api/?name=UL 1974 2023.pdf

ANSI/CAN/UL 1974

NOVEMBER 10, 2023

TC 1974 Membership Continued

Name Representing Interest Category Region

Jordan, Diana Pappas | UL Standards & Engagement TC Chair — Non-voting USA

Le, Rebecca UL Solutions Testing and Stds Org USA

Leber, Jody CSA Group Testing and Stds Org Ontario, Canada

Lei, Bo Electric Power Research Institute, General Interest China
China Southern Power Grid

Lei, Qikai CSG Power Generation Company Commercial / Industrial User China

Litke, Adam Tennant Company Commercial / Industrial User USA

McKean, Colin Canadian-BatteryAssociation SeneraHnterest Ontariog Canada

Mitchell, Paul Energy Systems Network General Interest UBA

Moh, Lionel Genplus Pte Ltd Producer Singapore

Nowikowski, Joseph Rimkus Consulting Group General Interest UPA

Nusbaum, Howgrd NSVRP - National Salvage Vehicle AHJ USA
Reporting Program

Paiss, Matthew| Pacific Northwest National Laboratory Government UPA

Phillips, Regingld Vehicle Road Safety Solutions (VRSS) Testing and Stds)Org Ontario,|Canada
Pomerleau, Gu Blue Solutions Canada Inc. Producer Quebec] Canada
Procopio, Joseph Panasonic Corporation of North Rroducer USA
America

Richard, Rober] Hazmat Safety Consulting LLC General Interest UBA

Rogers, James Town of Oak Bluffs AHJ UPA

Savage, Micha¢l Marion County, FL AHJ USA

Soares, Gabrie Moment Energy Producer British Columbia, Canada
Sudler Ill, Samyel SEALTD General Interest UBA

Swan, Lukas Dalhousie University General Interest Nova Scotja, Canada

Szymczyk, Rich eCamion Producer Ontario,|Canada

Tian, Lixia Shanghai Makesens Energy Storage Supply Chain China
Technology-€0.;*Ltd.

Tong, Antonio University of California San Diego General Interest UBA

Tsen, Maoee Pheonix Battery Corp Producer Taiyvan

VanHeirseele, Megan UL\Standards & Engagement TC Project Manager — Non- UBA

voting

Virupaksha, Dafshan Nunam Technologies Pvt Ltd Producer Inglia

Wages Jr., Joseptt trtermatiorat-Assoctatiormrof Etectricat AT gSA
Inspectors

Warner, Nicholas Energy Storage Response Group General Interest USA

Woo, Minje LG Energy Solution Producer Korea

Yan, Xiao Volta Institute of Digital Battery Energy General Interest China
Storage

Yoo, Yeong National Research Council of Canada Government Ontario, Canada

Yun, Zheng Zhangjiagang Tsingyan Testing Testing and Stds Org. China

Technology Co., Ltd
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International Classification for Standards (ICS): 29.220

For information on ULSE Standards, visit http://www.shopulstandards.com, call toll free 1-888-853-3503 or
email us at ClientService@shopULStandards.com.

This Standard is intended to be used for conformity assessment.

The intended primary application of this Standard is stated in its scope. It is important to note that it
remains the responsibility of the user of the standard to judge its suitability for this particular application.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET

ANLCOL ALCO
MAINULATOL
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INTRODUCTION

1 Scope

1.1 This Standard covers the sorting and grading process of battery packs, modules and cells and

electrochemical capacitors that were originally configured and used for other purposes, such as electric
vehicle propulsion, and that are intended for a repurposed use application, such as for use in energy
storage systems and other applications for battery packs, modules, cells and electrochemical capacitors.

1.2 This Standard also covers application specific requirements for repurposed battery packs/systems
and battery packs/systems utilizing repurposed modules, cells and other components.

1.3 This Stlandard also covers the sorting and grading process for remanufacturedreg

rebuilt batter
(EV) batterig)
application.

1.4 This St
other than th

2 Compon

21 Acomp
a) Co
b) Be
c) Be

NOTE: Section

2.2 A component of a product by .this Standard is not required to comply with a specif

requirement

a) In
prody

b) Is g

c)ls

ents

es that may have not been previously evaluated to a safety standard, such'as e
s remanufactured by the OEM intended for use in the same EV application o

andard does not cover the aftermarket repair or replacement.of OEM batterie
e OEM or by an agent designated by an OEM.

onent of a product covered by this Standard shalf:
mply with the requirements for that companent as specified in this Standard;
used in accordance with its rating(s) established for the intended conditions of u

used within its established use limitations or conditions of acceptability.

L includes CSA, UL, and ULC components standards that may be used in the products covered by th

hat:

olves a feature~or characteristic not required in the application of the com
ct;

uperseded by a requirement in this Standard; or

separately investigated when forming part of another component, provided the

onditioned or
ectric vehicle
a similar EV

5 by an entity

se; and

is Standard.

Cc component

bonent in the

component is

used within its established ratings and limitations.

2.3 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

2.4 A component that is also intended to perform other functions such as overcurrent protection, ground-
fault circuit-interruption, surge suppression, any other similar functions, or any combination thereof, shall
comply additionally with the requirements of the applicable standard(s) that cover devices that provide
those functions.
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3 Units of Measurement

3.1
approximate i

nformation.

4 Referenced Publications

4.1

interpreted as referring to the latest edition of that code or standard.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

Any undated reference to a code or standard appearing in the requirements of this Standard shall be

4.2 The foIIowrng standards are referenced in this Standard and portlons of these referenced standards

may be esser

repurposed 0
applicable in

repurposed of

CSA C22.2
Electrolytes -
Them, for Us

CSA C22.2
Electrolytes
Them, for Us

IEC 61982-4,

r remanufactured batterles covered by thls Standard in an end product shall ‘¢
stallation codes and standards as appropriate for the country or countfie
remanufactured battery is to be used.

No. 62133-1, Secondary Cells and Batteries Containing Alkaline or OthH
Safety Requirements for Portable Sealed Secondary Cells)and for Batterie
b in Portable Applications — Part 1: Nickel Systems

No. 62133-2, Secondary Cells and Batteries Containing Alkaline or OtH
Safety Requirements for Portable Sealed Secodndary Cells, and for Batterie
b in Portable Applications — Part 2: Lithium Systems

Secondary Batteries (Except Lithium) for.th€’ Propulsion of Electric Road Vehi

Safety Requifements of Nickel-Metal Hydride Cells and*Modules

IEC 62281, S

IEC 62619,

IEC 62660-3
Requirement

IEEE 1625, R

IEEE 1725, R

afety of primary and secondary lithium cells and batteries during transport

Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrol)
Requirement$

for Secondary Lithium Cells and Batteries, for Use in Industrial Applications

Secondary Lithium=lon Cells for the Propulsion of Electric Road Vehicles — R

h

echargeable Batteries for Multi-Cell Mobile Computing Devices

echargeable Batteries for Mobile Phones

and use of
nform to the

5 where the

er Non-Acid
5 Made from

er Non-Acid
5 Made from

tles — Part 4:

ites — Safety

art 3: Safety

SAE J2464,

Electric and Hybrid Electric Vehicle Rechargeable Energy Storage System (|

and Abuse Testing

ESS) Safety

SAE J2950, Recommended Practices for Shipping Transport and Handling of Automotive-Type Battery
System — Lithium lon

UL 810A, Electrochemical Capacitors

UL 1642, Lithium Batteries

UL 1973, Batteries for Use in Stationary and Motive Auxiliary Power Applications

UL 2054, Household and Commercial Batteries


https://ulnorm.com/api/?name=UL 1974 2023.pdf

NOVEMBER 10, 2023 ANSI/CAN/UL 1974 11

UL/ULC 2271, Batteries for Use in Light Electric Vehicle (LEV) Applications

UL/ULC 2580, Batteries for Use in Electric Vehicles

UL 62133-1, Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Safety
Requirements for Portable Sealed Secondary Cells, and for Batteries Made from Them, for Use in

Portable Applications — Part 1: Nickel Systems

UL 62133-2, Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Safety
Requirements for Portable Sealed Secondary Cells, and for Batteries Made from Them, for Use in

Portable Applications — Part 2: Lithium Systems

5 Glossary

5.1 Forthe
5.2 BATTE
series and/of

5.3 BATTE
control syste
their specifie
operation thr|

5.4 BATTE
use, contain
systems and

5.5 BATTE
and other m
electric vehi
systems may

5.6 CALEN
guarantee th

expiration date for usage~Sometimes referred to a "duration of life".

5.7 CELL H
separators, (¢

purpose of this Standard the following definitions apply.

parallel configuration.

RY MANAGEMENT SYSTEM (BMS) — The electrical, electronic and software m
m of a battery that is often relied upon to maintain the battery and its compone|
d operating region for charge and discharge, and.may be source of memory
bughout its life.

RY PACK — Assemblies of batteries that contain one or more cells/modules that
ed in a protective enclosure, which may or may not contain protective de
monitoring circuitry.

RY SYSTEM — An assembly that-is ready for use and consists of the battery p
bnitoring circuitry and contrels and that provides electric energy for application
Cle. This assembly cansinclude thermal management and safety systems.
include electrochemical capacitors.

DAR EXPIRATION DATE - Years or months designated by the original mg

e performance of the cell, module, and/or battery pack/system. This may also

Thebasic functional electrochemical unit containing an assembly of electrode
ontainer, and terminals. It is a source of electrical energy by direct conversio

RY — A general term for either a single cell or a group of cells connécted together either in a

onitoring and
nt cells within
of the battery

are ready for
ices, cooling

ack and BMS
s such as an
Some battery

nufacturer to
be known as

s, electrolyte,
n of chemical

energy.

5.8 DUT — Device under test.

5.9 ELECTROCHEMICAL CAPACITOR - An electric energy storage device where electrical charge is
typically stored as a result of non-Faradaic reactions at the electrodes. The unique porous surface of the
electrodes increases the surface area for holding charge resulting in much larger capacitance and energy
density. Some other common names for an electrochemical capacitor are "double layer capacitor”, "ultra
capacitor", "electrochemical double layer capacitor" and "super capacitor".

510 GRADING — A process performed by the repurposing manufacturer or original equipment
manufacturer (OEM) of evaluating battery packs, modules and cells against metrics to determine if they
may be directly reused or can be sorted into respective groups for repurposing based upon determined
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state of health and remaining usable energy as determined in the process associated with the repurposing

or remanufact

5.11

5.12
clearances) o

5.13 INSUL

uring of the subject items.

r over surfaces (i.e. creepage distances) used to prevent electrical conduction.

ATION LEVELS - The following are levels of electrical insulation:

a) BASIC INSULATION - Insulation to provide basic protection against electric shock.

b) DQUBLE INSULATION - Insulation comprising both basic insulation and su
insulation.
c) FUNCTIONAL INSULATION - Insulation that is necessary only for the correct func

equipment. Functional insulation by definition does not protect against ‘electric sh

howey

d) RE
agains
Stand

HIGH (HAZARDOUS) VOLTAGE — A voltage exceeding 30 Vrms/42.4 Vpeak or 60 Vdc.

INSULATION, ELECTRICAL — Materials or other means including distances through air (i.e.

er, reduce the likelihood of ignition and fire.

NFORCED INSULATION - Single insulation system that provides a degree
t electric shock equivalent to double insulation undefthe conditions spe
brd. The term "insulation system" does not imply that the insulation has t

pplementary

tioning of the
ock. It may,

of protection
cified in this
o be in one

homogeneous piece. It may comprise several layers that.cannot be tested as basic ipsulation and

supplg

e) SU
insula

5.14 MANU
the specified

equipment manufacturer (OEM).

5.15 MANU
repurposing [

5.16 MODU
together eithe
battery monit

5.17 RECY
has been disj

mentary insulation.

PPLEMENTARY INSULATION - Independent insulation applied in addit
ion in order to reduce the risk of electric shock in the event of a failure of the bas

FACTURER - The organization responsible for the original manufacturing of {
components such as the compenent cells and BMS, sometimes referred to a

FACTURER, REPURPQSING - The organization responsible for the
rocess.

LE — A subassembly consisting of a group of cells or electrochemical capacito
r in a series_and/or parallel configuration (sometimes referred to as a block) w
bring unit;

CLE.— The recapture of materials for reuse from a product that has reached its €
osed of.

on to basic
ic insulation.

he battery or
5 the original

sed battery

s connected
th or without

nd of life and

5.18 REMANUFACTURED BATTERY — A battery pack/system that was used in the field and returned
for repair and/or replacement of parts for use in the same intended application. Other terms used for a

remanufactur

ed battery are "refurbished battery” or "rebuilt battery".

5.19 REMANUFACTURING OEM - The organization responsible for the used battery remanufacturing
process, and can be either the original equipment manufacturer (OEM) or the OEM’s designated agent
under the supervision of the OEM.

5.20 REPURPOSED BATTERY — A battery pack/system that was used in one application in the field that
is subject to some level of analysis and reconfiguration for use in a different application. An example of a
repurposed battery is a stationary energy storage battery that has been built using used electric vehicle
batteries, modules or cells. Another example of a repurposed battery is a battery of a low performance
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vehicle that has been built using batteries, modules or cells retired from a high-performance electric
vehicle. Another term for a repurposed battery is "second life battery".

5.21

ROOM AMBIENT — The room ambient temperature controlled by the repurposing manufacturer for

the battery sorting and grading process, typically Tg 2 °C (3.6 °F), where Ty is a value between 20 °C

and 25 °C.

5.22 SAMPLE, FRESH — The new sample produced by the OEM, typically not more than 6 months old.

5.23 SORTING AND GRADING PROCESS - A determination of the state of health and other
parameters of the subject to identify continued viability and the rating mechanisms the repurposing

manufacturef

5.24 STATH
cell expresse
capacity (Wh

5.25 STATH
performance
cycle life det
increase in in

CONSTRUC
6 General
6.1 The us

already beer
information i

may-use forthose that are determined suitabhle for continued use

E OF CHARGE (SOC) — The available capacity in a battery system, battéry‘pa

ck, module or

d as a percentage of rated capacity in terms of both coulombic capacity{Ah) and/or energy

)-

E OF HEALTH (SOH) — A quantification of condition of the battery and the leve
for reuse, and the amount of usable energy capacity in a battery and its antic

| of expected
ipated useful

ermined through various diagnostic measurements, whichican include usable ¢nergy decay,

ternal resistance, etc.

TION

ed components of the battery systems 'shall not be considered for repurposing if they have

used longer than the calendar expiration date specified by the original manuf
5 available, the repurposing manufacturer shall confirm the designated calen

date of the components for repurposing.

Exception:
performance

The components may be considered for the repurposing if the suitabilit)

of the components-has been verified by the repurposing manufacturer. The

mechanical performance of the materials, the state of health of the cells and battery, and f

battery and
suitability of

ts components-shall be considered by the repurposing manufacturer when dg
he components of the battery systems for repurposing.

6.2 Theco

struetion of a battery for the purpose of sorting and grading associated with its r

remanufactufing.'shall be based on its suitability for its intended end use application. H

acturer. If this
Har expiration

and safety
electrical and
he age of the
termining the

Ppurposing or
or repurpose

batteries, guidarce on required battery construction can be found
For remanufactured batteries, guidance on required battery construction shall be deter
OEM’s manufacturing process.

il in Table 6.1.

mined by the


https://ulnorm.com/api/?name=UL 1974 2023.pdf

14

ANSI/CAN/UL 1974

NOVEMBER 10, 2023

Table 6.1
Applicable standard requirements

Applications

@) The scope of
light electric rail

storage.

recreational vehicles and for temporary energy storage system
applications that are mobile, but used as stationary energy

End Use application Standard
Batteries For Use In Light Electric Vehicle (LEV) Applications UL/ULC 2271
Batteries For Use In Electric Vehicles UL/ULC 2580
Batteries for Use in Stationary and Motive Auxiliary Power UL 19732

UL 1973 includes batteries for use in stationary,
applications, and as auxiliary power in

6.3 Therep
materials relg
reassembly o

6.4 The remanufacturing OEM shall follow their manufacturing control*documents that ide

construction
comply with
manufacturin

7 Materials

7.1 Material
materials util
flammability,

battery's inter
consist of me

7.2 Guidandg

standards oullined in Table 6.1.

8 Enclosur

8.1

urposing manufacturer shall set up the requirement documents for the key con
ted to safety in order to comply with the end application standard. .During the
f the repurposed batteries, these requirement documents shall be followed.

and materials of the EV battery related to safety to ensure that the batteries
their remanufacturing process. During the remandfacture of the EV bat
j control documents shall be followed.

s employed in the battery shall be suitable for the intended application.
zed as enclosures, casings and elegtrical or thermal insulation shall have

ded use. Metallic materials shall'he corrosion resistant and if used for current c
als acceptable for that purpose.

e on suitable material ‘choices for the intended battery application may be

2)
-3

S

The sui

enclosure m
equipment, \;{here it will be protected by the equipment enclosure or it may serve as all g
equipment erjclesure. If the battery enclosure serves as all or part of an end use application e

ability of\a battery enclosure is dependent upon the end use design and apq
y serve”as a protective casing of a component battery intended to be

struction and
redesign and

ntify the key
continue to
eries, these

Non-metallic
temperature,

band electrical or other material properties sufficient for their utilization in the battery and the

arrying parts,

found in the

lication. The

nstalled into
r part of the

nclosure, the

type of application (e.g. whether the product is a portable, a vehicle or a stationary application, etc.) will

also determin

e the requirements for that enclosure.

8.2 When evaluating the enclosure construction, consideration shall be given to the materials employed
as outlined in Section 7, the robustness of the enclosure to prevent mechanical abuse to the contents of
the enclosure, the methods of securement of the enclosure parts, and the size and location of openings in
the enclosure to ensure the ventilation or thermal management of the battery and to prevent access to
hazardous parts of the battery and to prevent ingress of debris and moisture into the enclosure.

8.3 The suitability of a remanufactured battery enclosure is dependent upon its original end use design
and application and may be based on the remanufacturing OEM’s manufacturing process.

8.4 Guidance of requirement and evaluation of the battery enclosure for the intended application may be
found in the standards outlined in Table 6.1.
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9 Wiring and Connections

9.1 Wiring shall be reliably secured to prevent inadvertent shorting and reduction of spacings. The wiring
shall be provided with insulation sufficient for the voltage levels and environmental exposure. Refer to the
battery standards of Table 6.1 for wiring criteria for specific end use applications.

10 Electrical Spacings and Insulation Levels

10.1

There are several different levels of insulation that may be provided in a battery depending upon the

voltage. These levels include functional insulation, basic insulation, double insulation (consisting of basic
and supplementary insulation) and reinforced insulation. See 5.13 for definitions of the insulation levels.

10.2 Batter
between haz

a) Ba
b) Do

Cc)As

10.3 Electr
referred to in
applicable ba

11 Control

11.1
evaluated to
other battery
battery stand
manufacturir
remanufactu
repurposing

12 Coolan
12.1 Other

that they are
Systems reli

ardous voltage circuits and accessible conductive parts consisting of one ¢fthe

BMS and other protection controls that are<dntended to be used in the repurposed b4

es with hazardous voltage circuits shall be provided with at least two levels

Sic insulation plus protective grounding;
Lible insulation; or

ingle layer of reinforced insulation determined equivalent tocdoUuble insulation.

cal spacings through air, referred to in some standards as clearances, and
some standards as creepage distances, shall comply with the requirements ¢
ttery standards of Table 6.1.

ascertain their ability to serve thgir intended purpose. Any reliability analysis of

of protection
ollowing:

over surface,
utlined in the

ttery shall be
the BMS and

control system relied upon for'safety, shall comply with the requirements of the applicable

ards of Table 6.1 or in the-case of remanufactured EV batteries, the remanufad
g process. A check (©fy'the BMS functionality shall be part of the re
[ing production testing, on all production battery systems with the BMS
br remanufacturingiin‘accordance with 18.6.

and Other Critical Systems

systems of the battery such as thermal management systems shall be evaluateq
functioning and can remain if intended to be used in a repurposed or remanufag
bd ypon for the safe operation of the repurposed or remanufactured battery s

turing OEM’s
purposing or
included for

to determine
tured battery.
hall meet the

criteria of the

13 Cells and Electrochemical Capacitors

13.1

Cells and electrochemical capacitors intended for repurposing or remanufacturing shall comply with

appropriate safety test requirements of the intended end use application standard. Standards outlined in
Table 13.1 are reference standards, other cell or capacitor safety standards may be applied if accepted by
the end use application.
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Table 13.1
Cell safety criteria

Chemistry

Safety Test Requirements?-?

Lithium ion

62619, IEC 62660-3

UL/ULC 2580, UL/ULC 2271, UL 1973, UL 1642, UL 62133-2/CSA C22.2 No. 62133-2, IEC

ion

Chemistries other than lithium

61982-4

UL/ULC 2580, UL/ULC 2271, UL 1973, UL 2054, UL 62133-1/CSA C22.2 No. 62133-1, IEC

Electrochemica

| capacitors UL/ULC 2580, UL/ULC 2271, UL 1973, UL 810A

13.2 Docuni
for the technd
use applicatiq
tests outlined
application sf
uses to com
disassembled

13.3 Cells 4
QUALITY C(Q
14 Quality

14.1 There
characteristic
grading for rg
place. These
remanufactur|
limits enablin
these key ele

a) Cor
b) Cor

c) Cor

a) Other safety test requirements may be applied if accepted by the end use application.

b) Additional cell-level testing of the repurposed or remanufactured cell may be required by the end-product application standard

as noted in %

entation that the cell or capacitor design had complied with a safety testingprog
logy when initially manufactured shall be collected to determine the complianc|
n. If proof of compliance is not available then compliance shall be determined
in one of the appropriate referenced standards in Table 13.1 te_eomply with
andard. Testing may be conducted at the module level for repurposed or rer
ply with the end use application standard, if the cells, or)capacitors cann
from the module.

NTROL AND SAFETY OF FACILITIES
Control

pburposing manufacturer or the remanufacturing OEM shall have sufficient knoy
5 and handling of cells, modules;-battery packs/systems and/or BMS to perforn
purposing or remanufacturing; and shall have documented production proceg
controls shall continually'monitor and record the following key elements of the rg
ng manufacturing process that can affect safety, and shall include measure
j corrective/preventative action to address defects (out of limit parameters) fo
ments:

trol of incoming parts including used batteries;
trol of\repurposing or remanufacturing processes and data gathering; and

trohof rejected parts.

jram suitable
e for the end
through the
the end use
hanufactured
ot be easily

ssembled into repurposed batteries shall be of the §ame model from the same manufacturer.

vledge of the
n sorting and
s controls in
purposing or
d parametric
und affecting

14.2 The facilities used for repurposing or remanufacturing shall provide a controlled environment for
storage, handling and testing the batteries, in accordance with the repurposing manufacturer’s or
remanufacturing OEM’s specifications. Test equipment used for evaluation of the batteries shall be:

a) Suitable for the testing;

b) Mai

ntained in accordance with the test equipment specifications; and

c) Calibrated on a routine basis, in accordance with the repurposing manufacturer’s or
remanufacturing OEM'’s quality control procedures.
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15 Safety of Facilities

15.1 Batteries such as lithium ion batteries are considered hazardous materials and handling and testing
of batteries shall be done with care. Repurposing manufacturers and remanufacturing OEMs shall have
operating procedures in place for the safe handling, storage, testing, shipping and disposal of batteries
and parts associated with repurposing or remanufacturing.

15.2 Facilities utilized for the repurposing or remanufacturing of batteries including their storage,
processing and testing, shall be in accordance with local fire and building codes.

EXAMINATION OF INCOMING SAMPLES

16 Genera

16.1 As pa
made of the
process shal

16.2 Care
should be
manufacture
codes with
batteries, tra
batteries can

battery and an assessment of the manner in which it was tested as{part of the 1
be conducted. If available a review of the battery's previous use shall also be cq

vhen handling and storing batteries, especially large battery~samples such as
practiced at all times. Storage of batteries shall be(in accordance with
’s or remanufacturing OEM’s procedures and also in~accordance with local firg
regard to hazardous materials storage. When transporting batteries, includ
nsport regulations should be followed. Guidance.on the safe handling and tra
be found in SAE J2950.

17 Procedlires for Examination and Sorting of Used Batteries and Their Components

It of the repurposing or remanufacturing sorting procedure, a visual_examination shall be

nanufacturing
nducted.

EV batteries,
repurposing
and building

ing used EV
nsport of EV

171 Geneial
17.1.1  Docpmentation and information-t€lated to the battery pack/system to be repurpgsed such as
markings, ingtructions, history of previous use including electronic data stored, and involvement in any

incidents thg
repurposing
was intendeg

t would affect its safety or performance, and other information shall be reyv
manufacturer to assist\in understanding the overall construction of the battery, h
to be used, information on components that are critical to the safe operation g

ewed by the
bw the battery
nd use of the

battery and tp assist in establishing the overall state of health of the battery.

17.1.2 Docpmentation and information related to the battery pack/system to be remanufactured such as
markings, instructions, history of previous use including electronic data stored and fetained, and
involvement fin ‘any incidents that would affect its safety, and other information shall be reviewed by the
remanufactu 'ing QEM- to _assist in ncfahliehing the overall state of health of the Fattery to be
remanufactured.

17.2 Information gathering and review as part of the initial sorting procedures

17.2.1 Battery

17.2.1.1 Information (such as labels, specifications, maintenance history, records of any safety related

incidents) available on the battery shall be gathered and reviewed by the repurposing manufacturer or the
remanufacturing OEM, for an understanding of the battery to be used for repurposing or remanufacturing.
Documentation useful for determining the state of health and for a better understanding of the overall
battery design and history includes the following:

a) Battery markings: Battery nameplate for ratings, and other markings, including date of
manufacturer, warning labels, symbols and instructions;
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17.2.2 Modlles

b) Battery schematics;

c) Battery specifications, instructions including information on the battery chemistry, and other
available literature on the battery including commissioning, recommissioning, charging,
discharging, storage, service/handling/ operational procedure manuals, electric vehicle first
responder manuals, etc.;

d) Battery construction and configuration, weight, dimensions, contents of battery, schematics and
configuration of modules and other parts in battery;

e) Information on the battery system components such as cooling system (including coolant if
applicable), isolation monitoring system, high voltage bus, insulation and support materials, etc.;

f) Reason for the battery being taken out of service, date of removal from service anfl information
on stofage and handling history before repurposing or remanufacturing procedures;

g) If available, information on the BMS should be gathered includingxBMS specifications,
algorithms for charging and discharging, BMS manufacturer, part number; date of manufacturer,
etc.;

h) If qvailable, the storage condition after the battery has been-taken from the previous end
application and the latest operational data available from the BMS before the battefy was taken
from the previous end application;

i) If available, the records of the battery fault/breakdown/abnormal conditions and maintenance in
the prévious end application; and

j) If avpilable, the standard(s) the battery componients had initially complied with.

17.2.2.1 Infprmation available on the battery modules shall be gathered for review by thg repurposing
manufacturer| for a better understanding.of the design of the battery. The following information shall be

gathered:

a) Moglule markings, ratings, manufacturer and part number as well as date of mandfacturer and
any other markings on'the modules;

b) Modlule specifications, instructions and other available literature including installatiop information
of modlule, charging and discharging parameters; and

c) Magdule ,configuration and construction, including contents of module, schgmatics and
configlration of cells, weight, and dimensions

17.2.3 Cells

17.2.3.1 Information available on the cells used in the battery shall be gathered and reviewed by the
repurposing manufacturer for a better understanding of the battery design, and state of health of the cells.
This information shall include:

a) Date of manufacture of the cells;
b) Chemistry of the cells, weight, dimensions, and overall design of the cells if available, etc.;
¢) Manufacturer and part number of the cells, along with other markings on cells;

d) The cell specification sheet indicating ratings for nominal voltage and capacity of cells at start of
life, discharging, charging, storage and other specifications of the cells shall be provided;
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e) If available, the safety test data/information on safety tests conducted on the cells gathered for
review; and

f) Calendar expiration date.

17.2.3.2 The cell construction shall be reviewed according to the repurposing manufacturer’s procedure
for an understanding of the internal construction of the cells. If drawings and information from the cell
manufacturer are not available, a disassembly of a representative discharged cell(s) from a battery
intended for repurposing, shall be conducted to review the internal construction including electrode
assembly, placement of insulation, separator coverage, center tube (if present in the battery design), vent
or other means to relieve pressure, internal protective devices, tab construction and placement, etc. See
IEEE 1625 or IEEE 1725 for guidance on cell construction items to review. The construction information
shall be gathered and can assist with the cell data analysis of 18.9.

17.2.4 BMS$ and auxiliary systems

17.2.4.1 Information on the BMS and other auxiliary systems, such as the c¢ooling system used in the
battery that gre intended to be repurposed or remanufactured, shall be gathered and reviewed for a better
understandir]g of the battery design, state of health, and suitability for repurpesing or remanufacturing. The
information tp be gathered and reviewed may include:

a) For BMS:

1) Date of manufacture, part number and manufacturer and BMS specifications with regard
to current, voltage and temperature protections’and correlated trip delay time;

2) Communication protocols, CANBUS ‘message schemes, variables, etc.;
3) BMS software version update rélated to battery safety during service; and

4) Schematics, board layoutialgorithms, markings and any literature pertaining to use,
installation, operation, progtamming and maintenance of the BMS.

b) For cooling systems:

1) Manufacturef; part number and specifications with regard to temperature|and controls,
system flow rate, and incoming and outgoing temperatures;

2) Coolant-material/fluid and parts list of cooling system; and

3) Information on installation, trouble shooting, operating, maintenance, etc.

c) Fortother cyefnme'

1) Manufacturer, part number and specifications (e.g. electrical ratings, physical
dimensions, use parameters, etc.); and

2) Information on installation, trouble shooting, operating, maintenance, etc.
17.3 Initial and subsequent rejection procedures

17.3.1 A review of available information on the battery use, safety related incidents or repairs shall be
conducted to determine the reason(s) for the battery to be taken out of service from its first use application.
Batteries taken out of service due to certain known exposure circumstances that could affect their safe
operation and use shall not be considered for repurposing in accordance with the repurposing
manufacturer's procedures or for remanufacturing in accordance with the remanufacturing OEM'’s
procedures. These circumstances may include, but are not limited to, severe environmental exposures
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and abuses such as vehicle crash which is likely to have affected the battery, vehicle flooding, and
exposure to fire. The repurposing manufacturer or remanufacturing OEM shall identify for their processes,
those exposure situations where a battery may not be considered for repurposing or for remanufacturing.

17.3.2 In addition to exposure criteria for rejection, the repurposing manufacturer or remanufacturing
OEM shall identify performance issues, physical, and other signs of damage to or problems with the
batteries or other parts to be repurposed that would be cause for rejection during the initial and
subsequent sorting and grading process for repurposing or for remanufacturing.

17.3.3 Batteries and other parts intended to be rejected for re-use, shall be disposed of according to
repurposing manufacturer's or remanufacturing OEM’s procedures as identified in Section 20. Batteries

and parts ide

tified as not suitable for repurposing or remanufacturing shall not be reintrod

ced into the

sorting and g

17.3.4 The
to subsequen
OEM.

17.4 Visual

17.4.1 A vis
shall be cond
discoloration,
reviewed wit
determine if i
damage.

17.5 Gathe

17.5.1 Anin
cells is throug
gathered fron
remanufactur,

ading process.

samples that are not rejected shall be assigned tracking numbers and shall-then
t sorting and grading procedures by the repurposing manufacturer oriby the ren

inspection of incoming samples

ual inspection of the incoming sample such as the overall battery and its auxi
ucted before disassembly. Visible signs of damage ‘'such as cracks, swelling,

or burn marks, shall be noted and documented. Visible damage that is ident
 the repurposing manufacturer's or remantfacturing OEM’s procedures fof
t is necessary to reject all or some portions’of the assembly as a result of vig

[ing and analysis of BMS data

nportant means for obtaining\information on the state of health of the battery,

h accessing the stored data'from the battery BMS. See Annex A for informatior
n the BMS that would be-useful in determining the health of the battery for re
ng. Minimally, the leVel ‘of information that should be retrieved from the BMS fq

grading of the battery, modules; cells and other components monitored by the BMS that are

repurposing @
a) The

b) The

r remanufacturing shall include:
average@nd extreme values of voltage, current, temperature, and SOC;

out of specification values for voltage, current and temperature;

c) Th

be subjected
anufacturing

iary systems
hotable odor,
fied shall be

rejection to
ible signs of

modules and
that may be
purposing or
r sorting and
intended for

total times or numbers at extreme values and out of epnr\ifir‘n’rinn vvalues for vo

tage, current

and te

mperature;

d) The total charge and discharge throughput over the lifetime;

e) The total times or numbers under charge and under discharge over the lifetime;

f) The

number or type of error messages; and

g) The number of times contactor operated.

Exception: In some cases, BMS data may not be available for analysis. For this situation, a process for
conducting an in-depth analysis of the incoming samples is required including a procedure for determining
the health of the cells and other parts of the system without the aid of BMS data through testing of samples
and documentation provided on the cells and comparison with data from fresh samples or specifications
for the cells.
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17.5.2 If any out of specification limits for voltage, current and temperature are not a signal forimmediate
rejection of the battery for repurposing or remanufacturing, the maximum value of the parameter and
length of exposure time to these out of specification limits shall be retrieved from the BMS if available. A
determination must then be made as to the effect on the cells for repurposing or remanufacturing. If the
length of exposure to out of specification limits is not available from the BMS, the battery and/or the
damaged module or cell, shall be rejected for repurposing or remanufacturing unless it can be established
through testing that the cells have sufficient health for repurposing or remanufacturing.

17.5.3 If the number of error messages from the BMS or number of times the contactor operates is
outside of specified limits, this shall be an indication for rejection of the battery for repurposing or
remanufacturing due to faulty BMS information and/or potential battery exposure to hazardous conditions
unless it can be established through testing that the cells have sufficient health for repurposing or
remanufactufing.

17.6 Disassembly and examination

17.6.1 The|procedure for evaluating batteries for repurposing or remanufacturing shall in¢lude a visual
examination of the battery pack/system and its components and parts to determine that therg is no visible
evidence of damage. Any signs of visible damage determined during this.exdmination shall ie considered
sufficient regson for rejection of the damaged component, unless thé.damage is minor and it can be
determined through testing that the damage does not impact the safety of the batteries fand parts for
repurposing |or remanufacturing. Examples of signs of damage )that can be considered grounds for
rejection can|include, but are not limited to the following:

a) Swelling of cells or modules, vented cells, electrolyte leakage, bent/damaged| casings and
terminals, traces of burning or other damage;

b) Frayed, damaged wiring, damaged/discolored insulation, damaged HV bus, isojation system
damage, examination of PCBs for damage;

c) Bent or damaged casings and enclosure or support structures, loose connections and parts; or

d) Damage of thermal management systems such as leaking coolant systems, blockage of fans or
other|locking or overloading of rotating parts.

17.6.2 Afte[ overall nondé€structive examination of the battery packs/systems and its parts and any
testing in acgordance with:Section 18 that needs to be conducted on the assembled battery pack/system
prior to disgssembly,{the pack shall be disassembled into its anticipated smallest usable part for
repurposing.| This can) be minor disassembly of auxiliary or other parts with the pack remaining in its
original configuration, to disassembly into modules or even individual cells.

17.6.3 The procedures for safely disassembling the battery pack including the need for any initial
discharging shall be conducted according to the repurposing manufacturer procedures or according to the
remanufacturing OEM’s procedures. Individual separated parts taken from the battery pack shall be
tagged with a tracking number and documented in a process log. Discarded parts shall be removed from
further processing and disposed of in accordance with 17.3 and Section 20.

17.7 Storage condition tracking

17.7.1 Batteries that are intended for repurposing or remanufacturing in accordance with this Standard
shall have the ambient temperature and humidity conditions associated with their storage before
repurposing or remanufacturing monitored and recorded on minimum a daily basis by the repurposing
manufacturer or by the remanufacturing OEM.


https://ulnorm.com/api/?name=UL 1974 2023.pdf

22 ANSI/CAN/UL 1974 NOVEMBER 10, 2023

17.7.2 Any charging or discharging conducted as part of the storage procedures shall be measured and
recorded by the repurposing manufacturer or by the remanufacturing OEM.

17.7.3 The open circuit voltage (OCV) of the part(s) under storage after the sorting and grading
procedure shall be documented at the initial and final stage of storage of the processed parts by the
repurposing manufacturer or by the remanufacturing OEM. Any sorted parts that are found to have a self-
discharge rate outside of the repurposing manufacturer's or remanufacturing OEM's established

acceptable limits, shall be discarded according to procedures outlined in Section 20.

17.8 Grading of batteries for repurposing or for remanufacturing

17.8.1 The

packs/systen
disassembled
battery packs
the final asse

17.8.2 The
remanufactur|

17.8.3 Cells
been found s

repurnasing-—manufacturer shall havae o sustem for aradina cells  maodules.
Ladabll o I J J J 7

s for repurposing. This is to ensure that assemblies using repurposed cells

and battery
and modules

from previously used battery packs employ a combination of used cells; modules and

that are balanced and appropriately matched to prevent performance and,safet
mbly.

remanufacturing OEM shall have a system for grading of the battery packg
ng based upon their determined state of health.

and modules that have been disassembled from a battery pack and battery pa
itable for repurposing through evaluation and testing.shall be graded in a man

they are ass¢mbled with cells, modules and battery packs that*are equivalent with regard

usable energ

17.8.4 The
grading of th

and state of health.

problems in

/systems for

cks that have
ner to ensure
to remaining

repurposing manufacturer or remanufacturing OEM shall have a defined criterion for the

b batteries. It is recommended that theirepurposing manufacturer or remanufg

use a 6 sigma limit or narrower from the new battery specification values as a criterion for pro

as OCV, cap
specified sign
limit.

1785 Asp
manufacturer
evaluation in
module or ba

PERFORMA

peity, internal resistance, mass, dimensions, etc. For example, batteries that f]
na range for each property ean be placed in a particular grade associated wif

art of the grading system, batteries shall be identified and documented by the

or remanufacturing OEM with regard to their assigned grade upon comp
Cluding testing{ and sorted into their specified grades prior to being re-asse
tery assembly:

NCE

cturing OEM
perties, such
all within a 6
h that sigma

repurposing
etion of the
mbled into a

18 Testing

For-the Sorting and Grading P

18.1 General

18.1.1

In addition to the inspection for damage outlined in 17.4, the following test procedures shall be

conducted by the repurposing manufacturer or remanufacturing OEM as part of the routine analysis of the
incoming battery assembly:

a) Incoming open circuit voltage (OCV) measurements (18.2);

b) Incoming high voltage isolation check (18.3);

c) Capacity check (18.4);

d) Internal resistance check (18.5);
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e) Check of BMS controls and protection components (18.6);

f) Discharge/charge cycle test (monitoring of temperature, voltage and current of cells and
modules) (18.7); and

g) Self-discharge (18.8).

18.1.2 In conducting these tests, when the original specification is referenced, it applies to the
specification of the batteries as reported by the original manufacturer of the item.

18.1.3 The test procedures in 18.4, 18.5, 18.7, and 18.8 shall be conducted on the whole battery
pack/system for repurposing or remanufacturing and also on its smallest intended disassembled unit for

repurposing.
battery pack
is a cell, th
repurposing.

18.1.4 |If th
required on {
check (18.3)
pack/system

18.1.5 All data obtained during the testing noted above i5¢{to be documented and cq

specified val
within the ac

18.1.6 Batt
with repurpo

18.1.7 The
numbers for

For example If the smallest disassembled unit is a module, the testing Is done
system and also on the modules intended for repurposing. If the smallest disa
b testing is done on the whole battery pack/system and also on the‘cells

e repurposing manufacturer only intends to repurpose a module or cell, thg
he battery pack/system is the incoming OCV (18.2) and the“ineoming high vo
tests. The tests of 18.4 through 18.8 can be waived on thé: battery pack/system
will not be repurposed and only the disassembled modules’and cells are being

Les to determine if they fall within the acceptable levels for the parameters.
Ceptable levels are further grouped according. to tolerance range per 17.8.

eries and/or parts falling outside of spegific limits for testing shall be rejected i
5ing or remanufacturing procedures:of’17.3 and Section 20.

parts measured (i.e. battery, pack/system, modules and cells) shall be assi
racking purposes during the process.

on the whole
ssembled unit
intended for

e only testing
tage isolation
if the battery
epurposed.

mpared with
DUTs that fall

n accordance

pned tracking

18.2 Inconjing open circuit voltage (OCV) measurements
18.2.1 The| following OCY jmeasurements shall be made on the battery and its components for
determining its state of charge as needed for the various tests of this Standard:

a) Bajtery Pack/System high voltage system OCV;

b) Madule . @CVs; and

c) Cell OCVs.

18.2.2 The sum of cell OCV voltage in the module shall be compared to the module OCV, the sum of
module OCV voltage in the battery pack/system shall be compared to the battery pack/system OCV. The
reason for any variation shall be determined and recorded. The misused cells should be identified for
further determination through subsequent testing.

18.2.3 The measured OCVs shall be compared to the minimum voltage limit acceptable for the DUT
specified by the repurposing manufacturer or remanufacturing OEM. Those cells and modules and battery
packs/systems that have been found larger than or equal to the specified minimum voltage limit shall be
subjected to other processing tests as required in this Standard to determine acceptance. Those DUTs
with OCV below the minimum voltage limit specified by the repurposing manufacturer or remanufacturing
OEM shall be rejected and discarded in accordance with 17.3 and Section 20. All OCV measurements
shall be documented with parts measured identified.
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18.3 Incoming high voltage isolation check

18.3.1 The isolation of the battery high voltage system shall be checked to determine that there is no
insulation breakdown in the battery. The insulation shall be checked as outlined in 18.3.2 — 18.3.4.

18.3.2 A battery with accessible parts shall be subjected to an insulation resistance test first between the
positive terminal and accessible dead metal parts of the battery and second between the negative terminal
and the accessible dead metal parts of the battery. If the accessible parts of the battery are covered with
insulating material that may become live in the event of an insulation fault, then the test voltages are

applied between each of the live parts and metal foil in contact with the accessible parts.

18.3.3 The jasu
resistance mgq

18.3.4 The
dead parts o
combined cir
pack with lo
packs/systemn
below these
repurposing 1
battery that h
been damage

18.3.5 Allhi
18.4 Capac

18.4.1 The
according to
OEM. If the s
follows in 18.4

18.4.2 The
manufacturer
charged. The
4 h.

18.4.3 Atth

asurement device using a 500 Vdc potential applied to the locations under test;

measured insulation resistance between the positive/negative terminals land th
f the battery shall be at least 100 Q/V for dc circuit and at least’500 Q/V f
cuit or 50,000 Q. If the modules and cells are intended to be repurposed ever
v isolation resistance, special care shall be taken during disassembly of t
s to identify the circuits with breakdown isolation. Batteries_or battery circuits

nanufacturer or remanufacturing OEM may be able towuse individual cells or mg
d and are suitable for repurposing.

ph voltage isolation check measures shall be’documented and the battery identi
ity check

capacity check of the battery.(cell, module or battery pack/system) shall b
he standard capacity test ag\specified by the repurposing manufacturer or remn

fandard capacity test method'is not available, the capacity check test shall be ¢
1.2 -18.4.4.

cell, module or battery pack/system shall be charged in accordance with the
s or the remanufacturing OEM’s specifications at room ambient temperature
DUT shall remain at rest in room ambient conditions at full state of charge for a

b congelusion of the rest period, the DUT shall be subjected to a constant currer

an insulation

e accessible
r ac and ac
in a battery
hose battery
with values

limits shall be rejected and discarded in accordance~with 17.3 and Secfion 20. The

dules from a

bs low insulation resistance if their process can demonstrate that these compongnts have not

ed.

e conducted
anufacturing
onducted as

repurposing
intil it is fully
period of 1 to

t or constant

power discha

rge-at the repurposing manufacturer's or the remanufacturing OEM'’s standard d

scharge rate

until it reaches the end of discharge condition. The delivered coulombic capacity and/or energy capacity to
specified end of discharge condition shall be recorded.

18.4.4 The capacity of the aged DUT shall be calculated using the measured values for current and time
and documented. This measured value obtained for capacity shall be compared with the repurposing
manufacturer's ratings or as-received data on the DUT's capacity. DUTs whose measured capacities show
a drop greater than the repurposing manufactures or remanufacturing OEM'’s specified limits for capacity
shall be rejected and discarded in accordance with 17.3 and Section 20.

18.4.5 All capacity measurements shall be recorded with measured DUTs identified. Cells and modules
that are not rejected shall be sorted according to available capacity into groups per 17.8.
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18.5 Internal resistance check

18.5.1 An internal resistance check of the battery (battery pack, module or cells) shall be conducted.
This test shall follow the capacity check test of 18.4. The test shall be conducted in accordance to the
standard resistance test as specified by the repurposing manufacturer or remanufacturing OEM. If the
standard resistance test is not available, the test shall be conducted as follows in 18.5.2 — 18.5.7. If a
complete battery pack is intended for repurposing or for remanufacturing, there shall be additional
resistance checks at the module level (or cell level if the battery does not contain modules) at locations
where cells may be subjected to the most severe thermal conditions during use due to their location within
the battery pack.

18.5.2 The DUT shall be charged per the repurposing manufacturer's or the remanufacturing OEM’s
specification$ in room ambient conditions until the DUT is in the fully charged condition. Thg sample shall
then sit at fully charged condition at room ambient between 30 min to 4 h.

18.5.3 The| DUT shall be discharged at a constant current rate /,, specified* by thg repurposing
manufacturef or remanufacturing OEM in room ambient temperatures for a,ddration of T{ specified by
repurposing manufacturer or remanufacturing OEM (typically a discharge time to reach capacity between
80 % to 90 9o SOC), the discharge voltage V; under load shall be measuréd and recorded. The DUT is
then immediately subjected to an additional constant current discharge-at a rate of I, = 5/, for a duration of
T, specified py the repurposing manufacturer or remanufacturing @EM (in seconds, typically a discharge
time between 1 s to 10 s). The corresponding discharge voltagé. V, of the DUT is measurg¢d under load
and recorded at the end of pulse discharge. Voltage and current during the discharge should be recorded
at a rate not less than 10/T, sample per second.

18.5.4 Thelresistance shall be calculated using thexfellowing formula and compared with|the specified
value:

RUS
X (IQ — 4 (Q)

Where:

R is the dc resistance in'ghms (Q).
V, is the first voltage measurement in volts (V).
1, is the first discharge current rate in amps (A).

V, is {hersecond voltage measurement in volts (V).

I, is the second discharge current rate in amps (A).

18.5.5 The internal resistance of the DUTs shall be determined using the method outlined in 18.5.4.
DUTs with a measured internal DC resistance greater than the specified value by the repurposing
manufacturer or remanufacturing OEM based on its intended repurposing application or original
application for remanufacturing shall be rejected and discarded in accordance with 17.3 and Section 20.

18.5.6 All internal DC resistance measurements shall be recorded with measured DUTs identified. All
internal resistances shall also be cataloged based on remaining capacity, previous duty cycle, and
previous climate, if known, and historic data used for comparison against similar specimens.

18.5.7 The DUT shall be continuously discharged to 20 % SOC in accordance with the method specified
by the repurposing manufacturer or remanufacturing OEM and then allowed to rest at room ambient
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temperature between 30 min to 4 h. The internal resistance measurement shall then be repeated on
samples that are at 20 % SOC in accordance with 18.5.3 through 18.5.4.

18.5.8 DUTs that have not been rejected shall be subjected to further repurposing processes.
18.6 Check of BMS controls and protection components

18.6.1 If the BMS and any other protection components are to be utilized for repurposing, a check to
ensure that they are functioning as anticipated shall be conducted on the battery.

18.6.2 A functlonallty check of the BMS and other protect|on components shaII be conducted to
determine that-they e—fe v S . < ‘ . cF shall include
both performance and safety parameters to ensure functionality of these parts.

18.6.3 Whe
obtained and

h evaluating the BMS for functionality, a review of its data including error'messages shall be
reviewed to determine if the BMS can be utilized for repurposing. See Annex A.

18.6.4 Com
damage to in
test value an
standard outl

bvaluated for
The voltage
ation battery

ponents including the BMS that are located in high voltage-gircuits shall be
sulation through inspection and if necessary dielectric withstand voltage testing
i method of testing shall be in accordance with the applicable end use applid
ned in Table 6.1.

18.6.5 If th
remanufactur

e BMS or other controls are determined 10- be unsuitable for repurpgsing or for
ng, they shall be rejected and discarded in accordance with 17.3 and Section 2Q.

18.7 Discharge/charge cycle test (monitoring of temperature, voltage and current of cells and
modules)

18.7.1 The battery (battery pack/system, module or cells) shall be subjected to discharge/a
while monitofing for temperature, voltage;and current to ensure that component cells or
operating within the repurposing (manufacturer’s specifications or the remanufactu
specifications.

harge cycles
modules are
ring OEM’s

18.7.2 The $samples shall be discharged and charged for at least 1 cycle at room ambient te
operating ambient temperature as specified by the repurposing manufac

the minimu

repurposed application-orby the remanufacturing OEM for the original application for rema

mperature. If
turer for the
ufacturing is

}

st 1 cycle at

he—b SHPE A gee rdance with
specmcatlons while monltorlng temperatures voltage and current on the |nd|V|duaI cells or modules
during charging, until the battery reaches its fully charged state. At the conclusion of the charge, the
battery shall be discharged under maximum, normal loading conditions specified by the repurposing
manufacturer based on the repurposed application or by the remanufacturing OEM for the original
application for remanufacturing while monitoring temperatures, voltage and current on the cells and
modules.

18.7.4 Temperatures, voltages and current on the cells and modules measured shall be compared with
specifications to determine if they fall within the specified limits. DUTs that have cells and modules outside
of the limits for temperature, voltage and current specified by the repurposing manufacturer or by the
remanufacturing OEM, shall be rejected and discarded in accordance with 17.3 and Section 20.
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18.8 Self discharge

18.8.1 The modules and cells shall be evaluated for self-discharge in accordance with 18.8.2 as part of
the determination of its state of health. Depending upon the level of disassembly for repurposing or
remanufacturing (i.e. cell, module or battery pack), the self-discharge shall be checked at the cell level and
at the module level. For repurposing or remanufacturing complete battery packs, all modules shall be
checked and cells chosen for checking levels of self-discharge, shall be those cells in locations considered
to be subject to worst case thermal conditions during their use.

18.8.2 The DUTs shall be charged to a fully charged state and then be stored in a controlled environment
at room ambient for at least 1 day. The OCV of the fully charged DUT shall be recorded at 5 min, 1 h, and

24 h after ¢

arging and at the end of the storage period if longer than 24 h or a higher

sampling rate

specified by
measured a

specified by the repurposing manufacturer or remanufacturing OEM.
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the repurposing manufacturer or remanufacturing OEM during the storage per;
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discharge measurements shall be recorded with measured DUTs,identified.
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been rejected shall be further processed.

aged cell samples representative of samples for repurposing or remanufacturi
ns where the cells cannot be separated out to gather this data, this testing can
This data shall be used to better.characterize used cells’ performance and sz
ng manufacturer’s or remanufacturing OEM’s process improvements. Refer tg
dance.

of Assembled Repurposed or Remanufactured Batteries

hblies using repurposed batteries or remanufactured batteries shall com
pecific tests_far’those batteries. See Table 6.1 for a list of application sp

hblies_using repurposed batteries or remanufactured batteries shall com
5tsn the transportation regulations before shipping.

od. The OCV
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manufacturer
tion 20. DUTs

repurposing manufacturer or remanufacturing OEM shall have a program for lpng term data
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Annex C for
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19.3 Samples used for testing shall be representative of design intent with the worst case representative
state of health for a given test (e.g. samples with highest level of energy may be worst case for certain
tests), using actual repurposed or remanufactured cells/modules that have completed the repurposing or
remanufacturing process in accordance with Sections 16 — 18.

20 Disposal of Damaged and Rejected Parts Procedures

20.1 Any parts that are identified for rejection for repurposing or remanufacturing including parts
identified for disposal including, but not limited to, rejected cells, modules and complete batteries shall be
documented and then disposed in accordance with the repurposing manufacturer's or remanufacturing
OEM'’s process for disposal and local regulations. The process shall identify those parts intended for
recycling as well.
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20.2 The method for documentation and disposal of rejected parts is to prevent re-introduction of any

parts back into the re-use process.
PACKING AND SHIPMENT

21 General

211

packaging for shipment in accordance with transport regulations and shall be secure
packaging to prevent short circuiting or damage from anticipated shipping conditions.

Batteries, module and cells evaluated for repurposing or remanufacturing shall be provided with

d within the

MARKINGS

| languages, English and French. Annex B provides translations in French o
safety markings specified in this Standard.

22.1 All reqpired markings shall be permanent and shall be legiblewith type colors contra

with marking$ provided as part of the re-purposing’of the batteries. This includes nameplatg
the repurposgd batteries in accordance with Section 23 to avoid confusion in the field a
responsible ehtity is for the repurposed battery.-All nameplates, models, trademarks (external
shall be remojved to ensure there is no reference to the OEM after the product has been repur

Exception Nd 1: The markings from the original manufacturer for the internal modules and o
be removed if there is no disassembly of the complete battery pack into modules or cells for re

Exception Nd. 2: For OEM markings printed on the batteries that are not easily removed,
covered with markings provided as part of the re-purposing of the batteries.

Exception Nop 3: The markings from the original manufacturer need not be removed if it is th

bs fo conform
anada, there
f the English

5ting with the
entation with

nameplates,
hnd replaced
markings of
5 to who the
and internal)
posed.

ells need not
purposing.

they may be

b same entity
d battery will

conducting the.repurposing and the information on the label is still applicable. The repurpose
need to be mé ver-Section T

22.3 As part of the remanufacturing process, all markings from the original manufacturer [e.g.

nameplates, models, trademarks (external and for internal battery modules and cells)] need not be

removed if there is no disassembly of the battery pack.
23 Nameplate Markings

23.1 The repurposed batteries, modules and cells shall be provided with a nameplate

marking that

includes the electrical ratings (i.e. nominal voltage, capacity and/or watt-hour rating); chemistry; model
number; repurposing manufacturer's name, trade name or trademark; or other descriptive marking which
the organization responsible for the repurposed product may be identified. The part shall also contain the
date of repurposing manufacture, which may be in the form of a code, and the repurposed parts shall also
be marked "Repurposed" and "UL 1974".
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23.2 Additional information to be included on the nameplate shall be provided in accordance with the
intended application standard. See Table 6.1. For repurposed cells that are not assembled into modules or
battery packs, except for the repurposed cell model number and the repurposing manufacturer’s name,
trade name or trademark, some of the nameplate information (i.e. electrical ratings) may be provided on
an accompanying specification sheet shipped with the cells rather than being marked on the cells if space
precludes this information.

23.3 Remanufactured batteries shall be provided with a nameplate marking that includes the electrical
ratings (i.e. nominal voltage, capacity and/or watt-hour rating); chemistry; model number; manufacturer's
name, trade name or trademark; or other descriptive marking which the organization responsible for the
remanufactured product may be identified. The part shall also contain the date of remanufacture, which
may be in the form of a code, and shall also be marked "Remanufactured”, "Reconditioned" or "Rebuilt"

and "UL 193".
24 Other Markings

241 Other|markings in accordance with the intended application requirements shall bg provided as
outlined in the application standard. See Table 6.1.

INSTRUCTIONS
25 Genera

25.1 Storage, installation, operation, maintenance and. disposal instructions shall bg provided in
accordance vith the intended end use application standard. See Table 6.1. All information provided on the
markings in $ections 22 — 24, shall be included with the.information packaged with the devicgs.

26 Routing Maintenance Instructions

26.1 Instrugtions pertaining to routine maintenance and diagnosis testing that should be performed on a
repurposed gystem shall be provided-along with specifying how often and when the routinel maintenance
and diagnosip testing should be performed. See Annex D for recommended routine maintengnce tests and
diagnosis. The instructions shall.inelude safety procedures to be followed if there are abnornal test results
during maintgnance tests and(iagnosis, such as replacement of the modules or components.
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ANNEX A (informative)
A1 Useful Information that May be Gathered from the BMS

A1.1 Table A.1 provides guidance on useful information that may be gathered from the battery BMS to
use for repurposing or remanufacturing if available to the repurposing entity.

Table A.1
Useful BMS data to be retrieved

Measurement parameters which may be measured by BMS

Capacity (kAh[6rRWhH):
Measurled Capacity
Charge|Capacity (total) over lifetime (kAh or kWh)
Dischalige Capacity (total) over lifetime (kAh or kWh)
Total cHarge and discharge capacity over lifetime (kAh or kWh)

Current (A):

Maximym charge current over lifetime

Maximym discharge current over lifetime

Currenf distribution during charge and discharge over lifetime
Maximym specified current limit exceeded?

Voltage (Vdc):

Maximym charge voltage

Minimum discharge voltage

Averagg cell voltage over lifetime

Maximym cell voltage over lifetime (ID cell)

Minimupm cell voltage over lifetime (1D cell)
Battery|voltage distribution over lifetime

Averagg cell voltage distribution dver fifetime
Module|voltage distribution oVerjlifetime

Maximym cell charge valtage'limit exceeded (ID cell)®
Minimufn cell dischargeVoltage limit exceeded (ID cell)?

Power (kW):

Maximym charge power over lifetime

Maximym discharge power over lifetime

Power distribution during charge and discharge over lifetime
State of Charge (SOC) (%):

Maximum SOC over lifetime

Minimum SOC over lifetime

SOC distribution over lifetime (off and on times)

Temperature (°C):
Maximum and minimum cell temperature over lifetime (ID cell)

Maximum electronics temperature over lifetime

Maximum and minimum cell temperature distribution over lifetime

Table A.1 Continued on Next Page
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Table A.1 Continued

Measurement parameters which may be measured by BMS

Maximum electronics temperature distribution over lifetime
Maximum temperature limited exceeded (ID cell)®

Minimum temperature limit exceeded (ID cell)®

Time (h):

Lifetime since production
Battery on over lifetime

Battery on charging over lifetime

Battery
Battery
Battery
Total ti
Total ti
Total ti
Total ti
Total ti

on discharging over lifetime

on balancing

off over lifetime

me for cells in overvoltage condition?

e for cells below low voltage limit?)

e for cells in overheated condition in charge and discharge®
e for cells below low temp limit in charge and discharge®

me for cells in overcurrent condition under charge and discharge®

Internal Resi

ance (Q):

Measured

Measured vs specified

Numbdg

Times

Error MessagLs:

r or type of BMS error messages recorded (errarmemory)®

contactor(s) switched under load (error indieator)®

a) Out of specif
17.5.
®) Increase in e

battery. An err
17.3.

cation limits indicators may be a signal*forrejection of the battery for repurposing or remanufacturin

rror messages recorded above anticipated normal limit would suggest a problem with BMS or other
r message limit needs to be determined as cause for rejection of batteries for repurposing or reman

j. See 17.3 and

problems with
ifacturing. See
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