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EXECUTIVE SUMMARY

BACKGROUND
The state of California has long been a leader in policies that support electric vehicle (EV)
adoption and their success has maddguSaliforni

Department of Energy, 2021d&Vs are powered by lithiuion tractionbatteries. As EVs retire

from service, a flow of endf-life (EOL) lithium-ion batteries (LIBs) will be generated. These

LIBs can be resold as, remanufactured, repurposed, recycled, or discarded in a hazardous

waste landfill. In 2018, California AssenylBill 2832 (AB2832) required the convening of the
Lithium-lon Battery Recycling Advisory Group whose mandate includes submission of policy
recommendations to the Legislature to-iemnsur e
batteries in the sta are reused or recycled at evfd | (Da&hie, 2018)

ADVISORY GROUP MEMBERSHIP AND PROCESS

In compliance with AB2832, an Advisory Group was convened and met quarterly between fall
of 2019 and spring of 2022. The Advisory Group process was brokew jprimvary periods:
knowledgebuilding (November 201:®ecember 2020), and report development (January 2021
March 2022). The report development period was further divided into four phases: phase 1
(January 202March 2021) to identify barriers, opportueti and the existing landscape; phase
2 (April 2022-July 2021) to identify potential policy options; phase 3 (August AZD2dember
2021) to incorporate feedback and create a rough draft; and phase 4 (Janudahagd22022)

to finalize the report with pady recommendations.

During the knowledg®uilding period, the Advisory Group heard from 26 experts from industry,
academia, and government agencies. In the report development period, Advisory Group
members participated in subcommittees to identify baraed opportunities and develop policy
recommendations specific to three key processes for EOL LIBs: recycling, reuse and
repurposing, and logistics. Each subcommittee explored different barriers and opportunities and
put forward proposals for policies.

Based on the proposed policy options and their barriers and opportunities and proposed policy
options that emerged from subcommittees, further deliberation by the whole Advisory Group
yielded a final list of proposed policies. Policies were divided intcethivat define EOL
management responsibilities, and supporting policies that help achieve the goal of maximizing
reuse and recycling of EOL EV LIBs in a cagfective manner.

At the November 24, 2021 and Decembel"72021 Advisory Group meetings, the mmigers

voted on each policy proposdMembers could either vote in favor, vote to oppose, vote to
abstain, or could recuse themselves from the vote altogether. Policy proposals that received at
least majority support from voting members of the Advisory @Grane presented here as
recommended policies.

The Advisory group approved the report for public review on Decenfh@021, and the public
comment period was open from Decembéf, 2021 to February@l", 2022. A total of 21 public
comments were received and reviewed.



RECOMMENDED POLICIES

Policy proposals that define EOL management responsibility

Two policy proposals that define EOL management responsibility rose to the level of majority
support:.core exchange with a vehicle backst@mdproducer takeback These policies
complement, and do not replace, current warranty regulations and programs that require the
vehicle manufacturer to properly reuse, repurpose, or recycle a removed EOL battertithat is s
under warranty.

Thecore exchange and vehicle backstop poligarnered the most support from the Advisory
Group at93% of voting memberst builds on existing industry standards and policies for other
vehicle components, specifically a core exchaamy product tak&éack. This policy defines
responsibility for oubf-warranty batteries under three possible circumstances:

1. For EVs still in service if a battery pack, module, or cell is replaced before the
vehicle reaches EOL, a core exchange prograaildétby the EV battery supplier
shall be used for the replacement battery (or any module or cell). The entity removing
the battery shall be responsible for ensuring the used battery (or module or cell) is
properly reused, repurposed, or recycled. Theayesglling an EV battery shall use a
core exchange program to track that the used battery has been pnogesiyed.

2. For EVs reaching EOL, a dismantler who takes ownership of an EOL vehicle is
responsible for ensuring the battery is properly reused,peped, refurbished, or
recycled. If an EV battery is directly reused in another vehicle with no alterations, the
process for EVs still in service shall apply. If the battery is refurbished or repurposed,
the responsibility transfers to the refurbisheregurposer.

3. For EVs reaching EOL where an EOL EV with an OEMertified battery is not
acquired and removed by a licensed dismantler, the vehicle manufacturer shall be
responsible for ensuring that the vehicle is properly dismantled and the battery is
propely reused, refurbished, or recycled.

The other policy proposal that received majority support at 67% of those that voted is a

producer take-back policy, wherein the auto manufacturer is responsible for ensuring proper
repurposing, reuse, or recycling tf EV traction batteries by a licensed facility at no cost to the
consumetif and when they are no longer wanted by the owner, and in the event no other entity
has taken possession of the battery. Auto manufacturer responsibility initiates when the auto
manufacturer has been notified the battery has reached its EOL and is available to be properly
managed. If the battery is repurposed, the EOL responsibility transfers to the repurposing
company. This responsibility includes: arranging reverse logisticansport the batteries to

recycling hubs; being responsible for the recycling costs; and documenting the proper disposal of
the battery.

The auto manufacturer will also provide educational materials to customers and the
service/repair industry, explairgrthe return process. This material will be made available
through the vehicle owner manual onvehicle display, in printed dealer materials, and online.

I No cost to the consumer at the time of battery retirement.



Some identified advantageshafth policiesnclude (i) clearly defined responsibility for the EOL
battery that transfers if it is repurposed, and (ii) the ability for batteries to be sold to a third party
at EOL which provides opportunity for growth in the remanufacturing, refurbishing, and
repurposing industry without requiring a partnership with #igicle OEM.Disadvantages

include potentially higher costs for battery suppliers and vehicle OEMs who will likely only be
called upon to manage LIBs with negative value.

Supporting policy proposals

Supporting policy proposals address spedtificriers to reuse and recycling and are aimed at
ensuring that reuse and recycling processes are safe and environmentally responsible. The
proposed options are not mutually exclusive and should be considered complementary to the
proposed policy defining sponsibility for EOL management. In total, 11 of 19 proposed
supporting policies garnered majority support, as reported in Table E1. These proposals fall into
three categories: (i) access to battery information, (ii) support of repurposing, reuse, and
recycling industry development, and (iii) safe and efficient reverse logistics. The areas of
greatest consensus are reducing the cost of transporting EOL LIBs, and enhancing access to
battery information.

Table E1: Supporting policy proposals with majority saget from Advisory Group members
who voted

Category Policy Purpose Is_nglo(r)tf (%)
Access to battery IPrgyT]cal Ffa]}_cl_lltate §ort|r;3? to |mpr8ve g_rocg:-ss 0
information abeling efficiency; enable easy identification| 93%
requirement | of battery and vehicle OEM
Identify LIB chemistry at EOL;
Access to battery Digital identify responsible party for safe 87%
information identifier disposal; improve safety during
disassembly
Universal Reduce cost desting; enable
Access to battery : X
; . diagnostic performance guarantees for reused { 53%
information .
system repurposed batteries

Support repurposing, | Recycling
reuse, and recycling | incentive
industry development| packages

Mitigate upfront capital costs;

. o o | 73%
encourage recycling within Californig

Support repurposing,
reuse, and recycling
industry development

DTSC permit| Reduce cost of locating processing

timeline facilities within California 60%

Support repurposing, | Expand Enable costompetitiveness with ney

- - - g H 67%
reuse, and recycling | eligibility for | batteries




Level of

Category Policy Purpose support (%)
industry development| battery
storage
systems
Support
Safe and efficient enforcement | Prevent environmental hazards and
L of unlicensed| stranded batteries due to unlicensed 87%
reverse logistics . . ) .
dismantling | dismantling
laws
Safe ancefficient Dey glop Improve safety and workforce
- training ) 93%
reverse logistics : capacity
materials
- Support
Safe and efflqlent transportatio | Reduce transportation cost 100%
reverse logistics
n research
Develop
- strategic
Safe and efﬁqlent collection Reduce transportation cost 93%
reverse logistics .
and sorting
infrastructure
Safe and efficient Universal Reduce transportation cost and
- waste o . 100%
reverse logistics : administrative burden
regulations
Requirepre-
Safe and efficient approval to | Enable tracking of EVs purchased af
- . ) 60%
reverse logistics bid on EVs at auctions
auctions

CONCLUSIONS

As the state of California continues its commitment toa@ad transport decarbonization and
EVs become more cesbmpetitive and attractive to consumehg state will see an increasing
flow of EOL LIBs that require proper management. To ensure that the maximum amount of EOL

batter.i

es ar e

reu

on two main areas of need:

sed, repurposed

or

recycl ed,

Clearly defining responsibility for the coordination and payment of recycling in cases
where the cost presents a burden for the owner of the vehicle and the LIB is unwanted

and,



Mitigating barriers that may currently inhibit the reuse, repurposing, aydlirg of EV
LIBs.

The most broadly supported policy defining responsibility for EOL management was the core
exchange and vehicle backstop proposal, which allocates responsibility under three possible
retirement pathways. The majority of voting AdvisorgpoGp members also supported a producer
takeback policy making the vehicle OEM or repurposer responsible for ensuring proper reuse,
repurposing, or recycling at a licensed facility and at no cost to the consumer at LIB EOL. Under
either policy, there shodlbe a clear transfer of responsibility for EOL management when

batteries are refurbished or repurposed. Both policies also require further consideration to define
what constitutes fAproper recyclingd and how i

Widely supported policethat address more specific barriers include labeling and digital
identifier requirements, supporting the development of recycling facilities through incentive
packages and a guaranteed permitting timeline, supporting the enforcement of unlicensed
dismanling laws, and supporting the development of strategic collection and sorting
infrastructure to reduce transportation costs. The Advisory Group also recommended creating
training programs to ensure that the people who handle EOL vehicles have theeskitiset to
safely work with EVs and assist them in navigating regulatory requirements.

Throughout the process, the Advisory Group members and invited speakers emphasized that EVs
are a relatively new technology and are not yet being retired in Califraidarge scale.
Understanding, therefore, that reuse, repurposing, and recycling are still nascent industries, it is
important to emphasize that the landscape is rapidly evolving, and policymaking aimed at
supporting reuse and recycling should be iteeatsimilarly, as the technologies continue to

evolve, different battery formats and compositions may prevail. While the content of critical
materials may change, reuse and recycling should remain a priority for the battery as a whole.
The recommendationiscluded in this report should be revisited periodically to assess their
effectiveness and evaluate whether any changes are necessary.



ABBREVIATIONS

Abbreviation | Term

BMS battery management system

CalEPA California Environmental Protectiohgency
CalRecycle California Department of Resources Recycling and Recovery
CARB California Air Resources Board

CCR California Code of Regulations

CEC California Energy Commission

CFR Code of Federal Regulations

CPUC California PublicUtilities Commission
DRC Democratic Republic of Congo

DTSC Department of Toxic Substances Control
EOL Endof-life

E-waste electronic waste

EV electric vehicle

g gram

GWh gigawatthour

IEEE Institute of Electrical and Electronics Engineers
IOU Investor Owned Utility

kg kilogram

kWh kilowatt-hour

LFP lithium Iron phosphate

LIB lithium-ion battery

LMO lithium manganese oxide




Abbreviation

Term

LMO/LTO lithium manganese with titanate oxide anode
Mt million metric tons

MWh megawatthour

NCA lithium nickel cobalt aluminum oxide

NFPA National Fire Protection Association

NMC lithium nickel manganese cobalt oxide

OEM original equipment manufacturer

OSHA Occupational Safety and Health Administration
RCRA Resource Conservation and Recovery Act
SGIP Self-Generation Incentive Program

SOH state of health

t metric ton

UL Underwriters Laboratories

ZEV

zeroc-emission vehicle




1.INTRODUCTION AND BACKGROUND

1.1 ADVISORY GROUP M ANDATE

The Lithiumi on Car Battery Recycling Advisory Group
2018 following a mandate from Assembly Bill 28@2ahle, 2018) The Advisory Group is

tasked with developing policy recommendations aimed at ensuring tHasagac 100 percent as

possible of lithiumion batteries (LIBfrom electric vehicles (EVah the state are reused or

recycled, as specified in the bill text:

A(c) On or bef or e -FopCarBattedy Recxlin@ Adyvisory Greup L i t h i
shall sulmit policy recommendations to the Legislature...aimed at ensuring that as close

to 100 percent as possible of lithition vehicle batteries in the state are reused or

recycled at endf-life in a safe and cosdffective manner. The policy recommendations

shall reflect entire life cycle considerations for lithitiam vehicle batteries, including,

but not limited to,

Opportunities and barriers to the reuse of those batteries as energy storage
systems after they are removed from the vehicle,

Bestmanagement considerations for those batteries abfelié, and
The overall effect of different management practices on the environment.

In developing the policy recommendations, the Advisory Group shall consider both in
state and oubf-state options fothe recycling of lithiumi on vehi cl e batteri

The Advisory Group first convened on Novembef' 18019. Its membership consists of
representatives from the following organizations:

1.

© © N o bk~ wDd

Alliance for Automotive Innovation

California Department of Toxic Setances Control (DTSC)
California Energy Commission (CEC)

California Environmental Protection Agency (CalEPA)
California New Car Dealers Association

Californians Against Waste

California Household Hazardous Waste at large

Department of Resourc&ecycling and Recovery (CalRecycle)
Earthworks

10.Ford Motor Company

11.Honda Trading America

12.Kinsbursky Brothers International (KBI)
13.PBRA- The Rechargeable Battery Association
14. SA Recycling



15. Southern California Association of Governments
16. Surplus Service

17.Sustainable Energy Solutions

18.Tesla

19.Umicore USA Inc.

1.2ELECTRIC VEHICLE ADOPTION AND BATTERY TECHNOLOGIES

Electric vehicle adoption is a fundamental strategy to decrease greenhouse gas emissions from
the transportation sector. Due to ambitious policiggdemented by the State of California,

adoption has drastically increased over the past decade. ThE@&sion Vehicle (ZEV)

program, first implemented in 1990 by the California Air Resources Board and then restructured
in 2012, requires auto manufactigéo produce an increasing number of ZEVs and-piug

hybrids per yeafCalifornia Air Resources Board, 2021b)

This policy has resulted in an insurgence of ZEV sales over the last decade, making California
home to 42% of the U.S. EV fle@l.S. Departrant of Energy, 2021a)n 2020 alone, EV sales
totaled approximately 144,000, representing 7.7% of all car sales, and 2021 sales are on track to
hit an alttime high (Figure 1jCalifornia Energy Commission, 2021c)

In December 2020, Governor Newsassued Executive Order-RB-20, setting the goal that all
new passenger vehicles sold in California be ZEVs by 2035 and-de&vyehicle fleets be
ZEVs by 2045 State of California, 2020 his recent executive order demonstrates the strong
commitment® decreasing transpemtlated emissions through vehicle electrification in
California and will lead to continued increases in EV sales.



EV and plug-in hybrid sales in California
200,000
180,000
160,000

., 140,000
2 120,000
2 100,000
£ 30,000
60,000
40,000 I I I I
20,000
w i

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

=

Figure 1: Sales of EVs and pldiop hybrids per year in California as reported by the California
Air Resources Board (CARB). Plug hybrids are included because the majority are powered by
LIBs. The 2021 value represents sales from January to October 29t S2fi2lof California,

2020)

1.3BATTERY TECHNOLOGY

As the market for EVs has developed, battery design and performance have evolved. United
Statesdé6 (U.S.) EV sales show a shift towards
vehicle range§Ambroseet al, 2020) The combination of a rargp in the deployment of EVs

and the increased size of EV battery systems has dramatically increased the capacity of batteries

on the road today. Over 60 GWh of LIBs have been deployed in U.SdlighEVsfrom 2010

to 2020(EV Volumes, 202Q) r epresenting enough energy stor e
historical peak electricity load for one hd@alifornia ISO, 2021)

LIBs consist of five key components: cathode, anode, separator, electrolyte, amhizetier.

The anode is typically made from graphite, the anode current collector is copper, the cathode
current collector is aluminum, and the separator and cell container consist of various plastics.
The cathode is a lithium metal oxidembined with dransition metal, typically nickel, cobalt,
iron, or manganeg@liao et al, 2019)

The different LIBs are distinguished by the metals that make up their cathode compound; for
example, a battery using a niclabaltmanganese cathode is referred toradl®IC battery.

There are also a variety of chemical formulations within different cathode compounds that have
important implications for material demand. In an NMC battery, the ratio of nickel and

manganese to cobalt can vary from a ratio of 1:1 to 8:4sf kariations are communicated via a
number following the battery chemistry: for e
nickel, 20% manganese, and 20% cobalt in the cathode.

The majority ofearly EV batteries sold in the U.S. were either NCA type (nickbhlt
aluminum, used by Tesla/Panasonic), LMO (lithium manganese oxide, used in early Nissan

10



Leafs), or highecobalt NMC 111 (nickemanganeseobalt)(Dunnet al, 2021) Moving

forward lower-cobalt cathodes such as NCA, NMC 811 and 622, and LFP (litliam
phosphate) are expected to occupy a growing share of the EV battery (Karkeal, 2020;
Dunnet al, 2021) Using different metals changes important characteristics subk asergy
density, power density, cycle life, safety, and cost of batténiegldition, replacing cobalt with
lower-cost metals influences the profitability of recycling by changing the value of recoverable
materials.

1.4CRITICAL MATERIALS FOR BATTERIE S

The term Acritical material o refers to mater:i
risk. Lithium, cobalt, natural graphite, and manganese are all classified as critical materials
according to the U.S. Department of the Interior, and nickeltise process of being added

(U.S. Department of Interior, 2018; U.S. Geological Survey, 2021 #)e Biden

Admi ni st r-day sugply éhain rdvigw, lithium, cobalt, and Class | nickel are listed as

the most critical battery el ements, and graph
that require additional monitorin@he White House2021) Lithium and cobalt are generally

considered the most significant supply risk due to the high geographic concentration of
production(Olivetti et al, 2017) Nickel has a more stable supply chain than lithium and cobalt,
although due to the ineasing use of the high purity class 1 nickel, there are expected shortages

in the next 5 to 7 years. These supply shortages are a product of underdeveloped production and
processing to support upcoming demand and the high import reliance of {Gafagol et

al., 2017; The White House, 2021)

Establishing a domestic recycling industry presents an opportunity to recover critical materials,
thereby reducing reliance on imports and mitigating supply risk. Reducing the environmental and
social burden of & material production, particularly cobalt mining, is an equally important
motivation for reuse and recycling. In parallel, identifying domestic resources is another high
priority strategy to increase supply resiliefi€ampagnokt al, 2017)

The sectins below describe some of the resource issues for critical battery materials in greater
detail.

1.4.1 Cobalt

Nearly 70% of cobalt is produced in the Democratic Republic of Cfugh Geological

Survey, 2021bdhrough both industrial mining, which isimarily mechanized, and small scale

or artisanal mining, which is practiced manually using simple {&xsacool, 2019)An
estimated183 0% of the countryés cobalt output is ge
adults and an estimated 40,000 @¢feh work up to 1-hour days in abusive work environments,
exposed to hazardous conditidBaumanrPauly, 2020) Artisanal miners have little to no
protective gear or tools, nor safety measures at mining sites, all while earning less than $2 per
day. Amultitude of batteryusing companies, from Apple to Tesla, as well as international

mining companies, have engaged in programs to either assist local communities to improve
economic and educational conditions or to formalize artisanal and-staéd miniig enterprises

in an attempt to create conditions where mine safety and child labor standards can be improved
(Amnesty International and Afrewatch, 2016)
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1.4.2 Nickel

Indonesia is the largest producer of nickel where strip mining for nickel leadfotestation of
tropical rainforests that are home to native people, act as crucial carbon sinks, and provide
habitat for endangered spec{@doodet al, 2015; Supriatnat al, 2020; U.S. Geological
Survey, 2021b)After strip mining, the soil is depled of nutrients, posing a significant
challenge to rehabilitation effor(¢an der Entet al, 2013)

1.4.3 Lithium

Australia has recently become the largest lithium producer, accounting for approximately 49% of
global production in 2020 and accessing spodumene, adakare(U.S. Geological Survey,

2021b) Chile is second in the world for lithium production. Lithi in Chile is produced

through evaporation from brines in the Salar de Atacama, a-&i@0emile salt flat in

Northern Chile. While brine evaporation has typically been the lawestrand lowecarbon

footprint source for lithium, it can consume a gahsial amount of water in watscarce areas

(Kelly et al, 2021) Recently, conflicts over indigenous rights, land use, and water consumption
have led to social movements opposing the lithium industry in Qhieand Agusdinata, 2020;
Schlosser, 2020

Within California, lithium resources have been identified in geothermal brines in Imperial Valley
near the Salton Sea. The brine contains various minerals, including lithium, which can be
separated using direct lithium extraction technol@ggKibben,Elders and Raju, 2020An

estimated 24,000 mt of lithium could theoretically be extracted annually from existing
geothermal plants based on the total throughput of brine in(@@a&en, 2021)For reference,

the total annual consumption of lithium the United States from 202020 has been between
2,000 and 3,000(tJ.S. Geological Survey, 20218)hile the environmental impacts of direct
lithium extraction have yet to be quantified, they are expected to be substantially smaller than
evaporationn terms of water use, energy input, and physical footf@rdnt, Deak and Pell,

2020; Vulcan Energy, 2021)

The feasibility, local impacts, and potential benefits are currently being explored loyhiben

Valley Commissiona blueribbon Commissioronvened by AB 1657 and overseen byGiieC
(Garcia, 2020; California Energy Commission, 202 Hs) stated in AB 1657, part of the

motivation for the Commission is to establish a secure, domestic source of lithium. While the
technology is still in a pdt phase, vehicle manufacturers have already announced agreements to
purchase lithium from Californi@Vilson, 2021) However, there is currently no refining or

cathode production capacity in the United States. Without these steps in the value chain, any
materials recovered through recycling or extraction will need to be exported internationally for
further processing.

12



2.0OVERVIEW OF LITHIUM -ION BATTERY END-OF-LIFE
M ANAGEMENT

2.1REVERSE L OGISTICS

Prior to reuse or recycling, LIBs must be removed and transported to the appropriate facility. To
accumulate enough batteries for a esfé¢ctive shipment or cogtffective recovery of materials,

the batteries may need to be stored for a period of tifieeebghipping.These steps are critical

to effectively manage batteries, and there is a complex network of actors involved in safely
getting the battery from its point of retirement to its next life cycle pf#is¢tery, Dunn and

Kendall, 2021) The EVand/or LIB may follow one of several pathways depending on whether
the vehicle is purchased or leased, and the reasons for retirement.

2.1.1 Within dealership and original equipment manufacturer (OEM) network

Leased vehicles or batteries that are underaméy are expected to return to the dealership

where they were purchased. For leased vehicles, where the vehicle is intact and the battery has a
good state of health (SOH), the returned vehicle may be sold as a used car at the same dealership
or sent to avholesale auction to be purchased and sold by another dealer. Some vehicle OEMs,
notably Tesla and Rivian, do not use dealership networks and retain direct customer relationships

as well as realime monitoring of vehicle and battery health. When the Velsantact and the

battery has a good SOH, the returned vehicle may be sold as a used car through the vehicle
OEMO6s retail system and monitoring of the hea

If the battery is removed under warranty, theiglehOEM will collect and ship the batteries to a
repurposer or recycler (or coordinate the collection and shipment through a third party).

2.1.2 Outside the original equipment manufacturer (OEM) network

There is a higher degree of uncertainty surroundasgs where the EV is privately owned and
outside of the warranty, since it is a relatively unregulated environment and these batteries have
not yet been retired at large volumes. If the battery reaches EOL before the vehicle, it may be
taken to a privateepair shop that will need specialized personnel to remove and replace the
battery. If the vehicle reaches EOL due to a collision, it will likely become the property of the
insurance company to be sold at an insurance auction. In California, Coparttaacklthe

largest auctions of this type. The auctions are physical locations, but the bidding process occurs
online. Licensed dismantlers acquire most of their inventory this way, though other interested
parties bid on vehicles as well. Assuming the Epuschased by a licensed dismantler, they

could then sell the battery to a repair shop, another dismantler, or an individual customer. If the
battery cannot be reused in another vehicle, it should be sent to a licensed repurposer,
remanufacturer, recycleor sorting facility to ensure proper disposal. However, this is not
currently required by policy.

Finally, if there is very little value left in the vehicle it could be sent to a scrap metal recycler, in
which case the scrap recycler would ultimately poasible for sending the battery to a
sorting, repurposing, or battery recycling facility.

2.1.3 Export
13



The U.S. is the third largest international exporter of used vehicles after the EU and Japan,
exporting approximately 2.6 million vehicles between22@018(Baskinet al, 2020) This

means that significant changes, such as electrification, in the vehicle fleet of the U.S. will have
implications for importing countries. While exporting used vehicles in good condition could
improve access to afford&bZEVs and displace loguality internal combustion engine

vehicles, it will also shift the burden of battery disposal to the importing countries who may not
have the infrastructure to recycle them safely. Used batteries that have been removed from EVs
mayalsoleavethe US via exportdf batteries and materials are exported, the ldsgscontrol

of the critical materials that could be recovered through recycling.

2.1.4 Existing infrastructure

The dealership, repair, dismantling, and scrap metal regyitidustries are webstablished,

with facilities throughout California. However, the facilities for collecting, sorting, and

potentially disassembling (from pack to module) large format LIBs (such as those that will be
removed from EVs) are emergentEs are only beginning to reach end of life at significant

scale. Infrastructure is developing in a piecemeal fashion by vehicle OEMs themselves, through
dealerships, and through the repair, dismantling and scrap recycling industries. The largest
knownfac | i ty within California is Retriev Techno
(Retriev Technologies, 2021)

Redwood Materials, a battery recycling company, recently announced a pilot program to identify
the locations of EOL LIB packs in California and transport them to their Nevada facility for
recycling. The project will work directly with dealers and auto @istiers with the goal of
establishing efficient recovery pathways. It is currently supported by Ford Motor Company and
Volvo Cars(Ohnsman, 2022)

2.2REUSE AND REPURPOSING

Reuse and repurposing are terms often used interchangeably. Here each hadar paganing;

reuse refers to the use of a used LIB in an EV, and repurposing refers to the use of a used LIB in
another application (i.e., an application other than as a traction battery in an EV). The reuse and
repurposing processes include removal feouehicle as well as any needed repair,

refurbishment, or remanufacturing.

In general, batteries will be retired from use in an EV when the range and performance is no
longer acceptable to the driver. The remaining capacity of the battery at the tetieeafient

will vary depending on consumer preference, but it is generally assumed to be bet88ét 70
(Saxeneet al, 2015) Given the large capacity and high performance of modern vehicle batteries,
retired batteries could still offer significant valin lowerpower, secondary applications, such as
storing energy from solar panels to be used irgaft or peak demanshaving applications

(Berziet al, 2020) A growing body of research has examined the environmental impacts and
technical and econamfeasibility of repurposing batteries for use in secbfedapplications
(Ahmadiet al, 2017; Casals, Amante Garcia and Canal, 2019; Rxtaaly 2020; Kamath,
Arsenaultet al, 2020; Kamath, Shuklat al,, 2020)

Operational systems range from piltt commerciakcale facilities. The largest facility in
California is an 8 MWh system by B2U Storage Solutions that is connected to a solar
photovoltaic PV) field in California (Figure 2). This facility is expectedreach 17MWhs by
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Q2 of 2022(B2U Storage Solutions, 202Ihe approaches between repurposing companies

vary; B2U repurposes entire packs without disassembly, while others reconfigure batteries at the
module or even cell level. Testing the charge capacipacks, modules, or cells, reconfiguring

them into consistent packs if necessary, and installing a battery management system (BMS) that
can monitor their safety and reliability are some of the key costs that will determine the success
of this technolog compared to new batteri@deubaueet al, 2012)

2% ¢ )
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Figure 2: B2U Storage Solutions' storage system at a solar PV field in California. The current
operational system capacity is 8MWh and will be increased to 17MWh by Q2 (E0®2ito
credit: B2U Stoage Solutions)

While LIB repurposing is happening at industrial scale, it is a relatively new industry and data
about performance is uncertain because of the uneven degradation of battery cells over time.
However, it is estimated that battery lifespan barextended by 10 years or longer depending
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on the applicatioiNeubauer, Wood and Pesaran, 2015; Casals, Amante Garcia and Canal, 2019;

Mathewset al, 2020) To enable more accurate predictions of battery lifespan and validate the

ability of repurpose batteries to provide resilience and lesuifting services, the CEC is
funding several ongoing demonstration projects in California (Tal{€dlifornia Energy

Commission, 2021a)

Table 1: Repurposed energy storage demonstrations funded by the CEC.

Recipient Location(s) Project Description
RePurpose Grass Valley, CA| Integrated solar + storage system at a food coop to
Energy demonstrate energy resilience and test degradation

Smartville, Inc. | San Diego, CA

Integrated solar + storaggstem at a warehouse to
demonstrate demand charge reduction, solar energ
shifting, and critical load support and test degradati(
rate.

San Diego Statel Chula Vista and
University San Diego, CA

Repurposed battery storage added to existing PV
systems atto community centers to demonstrate
resilience in the case of a power outage and develo
technology to optimize battery health.

ReJoule, Inc. Signal Hill, CA

Two integrated site demonstrations at a homeless
shelter and a commercial building. In additi®&gJoule
is developing tools for rapid assessment of the heal
retired EV batteries.

2.3RECYCLING

By reducing demand for raw materials, recycling avoids negative environmental and social

impacts from mining, and has the potential to grow a domastiglys chain for key battery
materials(Dunnet al, 2012, 2015; Ciez and Whitacre, 2019; Hamteall, 2019) This section
describes processes and pathways for recovering recyclable materials from LIBs.

Mechanical PreTreatment:After packs are discharged and dismantled, batteries are

mechanically shredded. Materials are sorted into plastic fluff, reaetathed liquid, and
metal solids. After sorting, most copper, aluminum, and steel casings are recovered. The

remainingmaterial s often referred to as O0bl ack
concentrations of nickel, cobalt, lithium, and manganese. From there, materials may be

recovered through secondary pyrometallurgical or hydrometallurgical pro¢¥ssa=t

al., 2018)

Pyrometallurgical Recyclingin pyrometallurgical recycling, modules are smelted in a
high-temperature furnace (~1500°C) to produce a concentrated alloy containing cobalt,
nickel, and copper. These metals can then be extracted using a hydrometallurgical
process. The lithium and manganese end up in a slag that can be directly used in the

construction industry or processed further to recover litH{issefiet al, 2020)
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Hydrometallurgical RecyclingHydrometallurgical recycling is a chemical process
involving leaching, removal of impurities, and separation. Leaching may be followed by
solvent extraction and/or chemical precipitation to recover and increase the purity of
lithium, nickel, manganese, and colfdtoet al, 2018)

Direct Recycling Any comhbnation of the processes described above where battery
components, particularly cathode materials, are recovered in a suitable condition to be
directly used in battery production, without breaking them down into individual material
elementgGaineset al, 2021) This process is still mostly in the research and
development phase, and the ReCell Center led by Argonne National Laboratory is
leading research and development, while the CEC is funding additional projects at the
University of California, San [@igo and OnTo TechnologiéSaineset al, 2021; Green

Car Congress, 2021)

The environmental emissions vary by recycling process, with hydrometallurgical and direct
recycling resulting in lower C£equivalent (C@e) emissions than pyrometallurgical relayg
(Richa, Babbitt and Gaustad, 201This is mainly due to the lower energy intensity of
hydrometallurgical and direct recyclingrocessesPyrometallurgy also recovers fewer usable
materials, and thus offsets fewer emissions from avoided virgin material prodi@itarand
Whitacre, 2019; Mohet al, 2020) The environmental impacts of recycling processes are highly
influenced by the gaon intensity of the electricity used to run facilities, and the avoided
emissions (which are used to estimate net impacts from recycling) are influenced by the cathode
chemistry of the battery being recycling. Cobahd nickelcontaining batteries (i.&NCA and

NMC) result in an overall higher avoided emissions ob€than LFP due to their associated
higher mining and processing emissigbsinnet al, 2015; Ciez and Whitacre, 2019)

Recovered materials can be used in eitr@dosedloop or openloop recycling systemin

closedloop recycling, material recovered during recycling is used to manufacture the same
product, or a similar product serving the same industry. For LIB cathode recycling to be closed
loop, the constituent material must be refinen resynthesized into a new cathode compound
(Chanet al, 2021) OpenLoop recycling means recovered materials are used as inputs in a
different product systerfNakatani, 2014)

2.3.1 Recycling Industry Landscape

The existing LIB recycling industrhas developed around recycling consumer electronics, with
the majority taking place in Chir{dlelin, 2019) Pilot and commercial facilities are operational
to a smaller extent in Europe and North America (Table 2). Most North American recycling
companeés use a hydrometallurgical process. As EVs have not yet retired at a large scale, the
feedstock for these facilities is primarily production scrap from manufacturing and consumer
electronics.

In addition to the companies listed below, Glencore produmgset, nickel, and cobalt at their

Sudbury Integrated Nickel Operations (Sudbury INO) in Northern Canada using mined ore as

well as black mass from recycling. At the time of this report, Sudbury INO is considered the

main destination for black mageneratd in North AmericaHowever, newer recycling

companies aspire to refine their own materials; for exampl€yktle will process black mass at
their Ahubo facility, and Rbagwstendbyunsemd er i al s i
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recovered materials to mafacture cathode active materials and battery copper foils within the
u.S.

Table 2: Lithium-ion battery recyclers in North America. The facilities listed represent those
currently operational or planned for development at the time this report was published. Please

note this table may not be exhaustive.

Current Planned total
. capacity capacity
Company Location(s) (metric (metric
tons/year) | tons/year)
American Battery Fernley, Nevada - 20,000
TechnologiegRecycling
Coordinators, no date;
Graham, 2020)
American Manganese Vancouver, British Columbia - 182.5
(American Manganese,
2021)
Ascend ElementéPR Worcester, Massachusetts Unknown 30,000
Newswire, 2022{formerly | Novi, Michigan; Covington,
Battery Resourcers) Georgia
Interco(Interco, 2022) Madison, Illinois Unknown Unknown
Li-cycle Corporation Rochester, N.Y(spoke) 5,000 5,000
(Roberts, 2021i-Cycle, | Kingston, Ontarigdspoke) 5,000 5,000
2022) Phoenix Arizona (spoke) - 10,000
Tuscaloosa, Alabama (spoke - 5,000
Rochester, N.Y(hub) - 60,000
Lithion (Lithion, 2021) Ajou, Quebec; Planned 200 7,500
locations unknown
Princeton NuEnergfPR Dallas, Texas - Unknown
Newswire, 2021)
Recycling Coordinators | Akron, Ohio Unknown Unknown
(Recycling Coordinators,
no date)
Redwood Materials Carson City, Nevada; Reno, 18,100 Unknown
(Carney, 2021) Nevada
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Current Planned total
. capacity capacity
Company Location(s) (metric (metric
tons/year) | tons/year)
Retriev Technologies Lancaster, Ohio and Trail, 4,500 4500
(Pinegar and Smith, 2019] British Columbia
Umicore Canada Inc. Fort Saskatchewan, Alberta Unknown Unknown

(Umicore, no date)
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3.REGULATORY LANDSCAPE

The U.S. lags behind other countries and regions that are leaders in EV adoption in the extent
and complexity of policy and attendant regulation targeting batteries at thei(NE€Dib et al,

2021) China and the EU, the two other largest adopters sf Bdth have policies in place or
coming online that attempt to enhance the circularity of battery materials and bring or retain LIB
supply chains within their respective regions, with recycling of LIBs playing a role in both
(European Commission, 202@espite the common goal in both regions, and policies that
attempt to consider life cycle and supply chain issues, the policies and directives take on very
different forms given the distinctive governmental and political structures in each region. In
contast, the U.S. and California regulate activities that are relevant to EOL batteries, but do not
have holistic, overarching policies for batteries at their EOL. The following sections will briefly
cover the policies managing these batteries in China arap&uand then discuss the regulations
currently impacting batteries retired in the U.S.

3.1LITHIUM -ION BATTERY END-OF-LIFE POLICIES IN OTHER
REGIONS

3.1.1 European Union

Since 2006, the EU has restricted LIBs from landfilling and required a 50% reryaie

through Directive 2006/66/E(European Commission, 2008)his legislation was designed
around battery markets dominated by leatl and cadmium batteries, and therefore did not
support the specific EOL needs of LIBs. In October of 2020, thepearoCommission

proposed repealing the Battery Directive and replacing it with an amendment to Regulation No
2019/1020. The new proposed legislation, referred to as the EU Battery Regulation, aims to
decrease the environmental burden of batteries as svelteease the Ebased supply chain by
creating sustainabilithased barriergo-entry, thus increasing the competitiveness of local
companiegMelin et al, 2021)

The proposed EU Battery Regulation contains several measures specific to battery EOL,
including:
Mandated extended producer responsibility (EPR) for pre@dr managemerand
attainment of collection and recycling targets (Measure 10)
Transfer of EPR when batteries are repurposed in sdderapplications (Measure 2)

A reporting system foEV and industrial batteries, and target EOL collection rates of
65% in 2025 and 70% in 2030 (Measure 4)

Minimum material recovery rates that must be met or exceeded during each recycling
process for cobalt, nickel, lithium, and copper (Measure 5)

In addition, as part of a Strategic Action Plan on Batteries, the European Commission identified
the importance of locating more of the battery value chain within the region, including raw
material extraction and battery producti@uropean Commission, 20). Measures in the

proposed EU Battery Regulation which pertain to LIB manufacturing include the required use of
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recycled materials (recycled content), battery labeling, information sharing, and supply chain due
diligence(European Commission, 2020)

3.1.2 China

The Chinese government first began issuing policy to promote LIB recycling in(R0&®al,

2021) Later, in 2017, China enacted the Promotion Plan for Extended Producer Responsibility
System, which proposed the creation of an LIB reogciystem based on the EPR principles
(Wang, 2020)China has implemented the Pilot EV Recycling Initiative in 17 cities/regions,
controlling the number of new enterprises involved in recycling to make full use of existing
infrastructurgReuters, 2018)n addition, they launched a Battery Traceability Management
Platform to better track EV batteries throughout their life cycle. In 2018, China enacted the
Interim Measures for the Management of Recycling and Utilization of Power Batteries of New
EnergyVehicles which requires manufacturers to work with recycling companies to improve the
recycling process, by labeling batteries and encouraging design for reqyghmg, 2020)

Most recently, the Chinese government has put forward a policy propodiag,tat least
temporarily, the use of repurposed batteries in tsage energy storage applicati¢hstional
Energy Administration, 2021Yhe policy does not propose a permanent ban and still allows
secondife batteries for smalscale energy storagapplications, so the impact of this policy on
what could be a nascent repurposing industry is still uncd@aien, 2021)

3.1.3 International efforts

The Global Battery Alliance (GBA) is a partnership managed by the World Economic Forum
thatinclues members from fiacross the battery value
rel evant (Global Battegy Alliamce,2021) The GBAOGs mission incl.
sustainability of both production and EOL of batteries, with a focusarasing LIB adoption

in the transport and energy sectors, as well as considering battery circularity and human rights
related issues for production. Among other actions, the GBA has supported the development of a
recently commercialized product in sieev of battery reuse and retirement, the Battery Passport.

The objectives of the Battery Passport are to prolong the lifespan of a battery and provide clear

and transparent information about battery health for enhanced EOL mana€ouafmith
Technologyltd., 2020) Data provided by the Battery Passport is valuable for determining

whether a battery should be repurposed or recycled after its first use, and provides repurposers

with reliable and detailed information about battery health before purchesiigsting.

3.2LITHIUM -ION BATTERY REGULATIONS AND STANDARDS IN THE
UNITED STATES AND CALIFORNIA

A complex set of regulations and standards cover the logistics, reuse, and recycling of LIBs
within the U.S. and California (Table 2). This section idesditand discusses applicable
regulations and the EOL phase that they apply to.

Table 2: Regulations relevant to the proper disposal of LIBs within California. These regulations
are parsed by the regulated activity. Please note many regulations appl tinamoone activity
and are therefore listed more than ance
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Regulated
activity

Relevant regulations

Dismantling

Facility licensing requirementsCalifornia Vehicle Code Division 5

Fire and buildingcodes and standardsiFPA 855, Chapter 14; 2024
International Fire Code, Sections 321, and related sections in 2024
International Building Code

Transportation

Hazardous materials regulation49 CFR 8173.185 (special
consideration for damaged batteries)

Storage

Fire and building codes and standard¢=PA 855, Chapter 14; 2024
International Fire Code, Sections 321, and related sections in 2024
International Building Code

Federal Universal Waste regulatian$0 CFR 8273.15
CA Universal Waste Law€hapter 23 titl€2 of CCR

Disassembly

High voltage equipment and personnel safety referemtieBA 70B/E;
IEEE C2 and IEEE 3007.3; OSHA 29 CFR 1926 and 1910

Fire and building codes and standard$é-PA 855, Chapter 14; 2024
International Fire Code, Sections 321, and eglaections in 2024
International Building Code

Universal waste regulationgtO CFR §273.15
CA Universal Waste Law€hapter 23 title 22 of CCR

Energy Storage
System (ESS)
Installation

InterconnectionCPUC Rule 21, CAISO/FERC Tariffs

Electrical storage equirementsCalifornia Fire Code 1206; NFP 855;
International Fire Code

Hazardous Waste
Treatment

Universal waste regulationgt0 CFR 8273Subpart E
Permitting requirement40 CFR 88124 and 270

Standards for hazardous waste treatment, storagedesuebsal facilities
40 CFR parts 264, 265, 266, 268, 270, and 124

Notification requirementsection 3010 of BRRA.
CA Universal Waste Law€hapter 23 title 22 of CCR
CA specific Health and safety division 20 chapter 6.5

Export

EPA: RCRA export requirements for universal waste

3.2.1 Facility licensing requirements: California Vehicle Code Division 5
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Any entity in California that participates in the vehicle afterlife market must comply with the
Occupational licensing and business regulatiander Division 5 of the California Vehicle
Code. The following chapters are likely to apply to facilities thzacthe EOL batteries, or are
likely to do so in the future:

Chapter 3: Auto Dismantlers
Chapter 4: Manufacturers, Transporters, Dealers, and Salesmen

In addition, California Vehicle Code 8220 and 8221 are relevant as they are used to determine if
a busines location is considered an auto dismantler and therefore subject to licensing
requirements. Of note is that according to CA Vehicle Code 811500, it is unlawful for any
person to act as an automobile dismantler without having an established place alsbusine
meeting specified requirements, and having a current, valid license or temporary permit issued
by the DMV.

3.2.2 Storage fire codes and standards: NFPA 855, Chapters 14 and 12 of the
California Fire Code

Used batteries must be stored in compliance loithl fire codes, many of which are based on
Chapter 14 of NFPA 855 and the International Fire Code. NFPA 855 states that collected
batteries must be stored so that the terminals are protected either through battery design or
protective packaging to preneshort circuits (14.3.1.2). It also includes requirements for indoor
and outdoor storage, including but not limited to the following:

For indoor storage (14.4):

Requires a fire prevention and mitigation plan to be submitted to the authorities
having jurisdiction (AHJ) for approval

Requires that the room be protected by a ragtaetgy detection system
Requires that the building be provided with an automatic fire suppression system

Requires that the storage space be protected by a water sfmayaic suppression
system

Requires the installation of explosion protection
For outdoor storage (14.5):

Individual pile sizes are limited to 200 sq ft in an area separated from other piles by
10 ft

Storage regulations will be relevant to all entities gtare batteries onsite, which may include
dealerships, auto recyclers, repair shops, repurposers, and recyclers. Both the International Fire
Code and NFPA 855 are currently being adapiée Rechargeable Battery Association, 2020)

The requirements iNFPA 855 are currently being amended to align with the new Section 321

of the 2024 International Fire Code that provides a comprehensive set of new indoor and outdoor
storage requirements for LIBs. California is expected to adopt these new requirenzof28 by

Secondlife or repurposed energy storage systems will also need to comply with Chapter 12 of
the California Fire Code. Section 1206 addresses electrical energy storage systems, including:
permits, construction documents, hazard mitigation anabgismic and structural design,
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vehicle impact protection (e.qg., forklifts), combustible storage, testing, maintenance and repair,
location and construction, maximum allowable quantities, storage batteries and equipment, fire
extinguishing and detection sgms, specific batteriype requirements.

3.2.3 Universal waste designations: Title 40 of CFR in part 273

The federal Standards for Universal Waste Management were adopted in 1995 (FR-Doc. 95
11143) and are found in Title 40 of CFR in part 273. The UPA Eonsiders batteries to be a
universal waste, as defined in 8 273.9. The applicability of the universal waste regulations (found
in § 273.2 (b)(3)) is due to batterfe=xhibiting hazardous waste characteristivghile LIBs

contain less toxic metals (e.g., no lead or cadmium) than other types of batteries (e.g., lead acid
batteries), they can be a safety hazard as they may contain flammable electrolytes and may be
considered a hazardous waste under § 261.21(&}(8)benefit of defining batteries as universal
waste is that they are subject to a more streamlined and less complex collection process at EOL
to increase proper disposal by the public. The federal regulations require state standards to be
either identichor more stringent. The Californgpecific universal waste laws are in chapter 23

title 22 of CCR and reflect similar requirements.

3.2.4 Lithiumion battery recycling: 40 CFR parts 264, 265, 266, 268, 270, and 124;
Resource Conservation and Recoveryt liRCRA) section 3010

The transportation and storage of LIBs are covered under the universal waste laws, as discussed
above, although the recycling of LIBs is considered a hazardous waste treditmeeBtandards

for Universal Waste Management40 CFR 8273Subpart E statefi¢ destination facilities are

required tdollow the hazardous waste treatment regulations astrdhtion facilities are defined

asa ifacility that treats, disposes of, or recy
recycling of the batteries. Tig&tandards for hazardous waste treatment, storage, and disposal

facilities are under 40 CFR parts 264, 265, 266, 268, 270, and 124. These regulations cover the
permitting and siting of facilities and the emission and waste disposal requirements.

RCRA sedbn 3010requiresany person that generates, transports, or recycles regulated waste to
notify the EPA andhave an operating permit. California is an authorized state to provide permits,
and the DTSC within the CalEPA is therefore responsible for reviesppgcations. Part A of

the permitting process outlined in 40 CFR 8270.13 requires form3&30@hich provides basic
information about the facility. Part B is outlined in 40 CFR 88270.14 through 270.27 and is
much more comprehensive, requiring an ongoéwiew by DTSC that has historically taken an
estimated 2 years to complete. The Californez&tdous Waste Contrglidelines applicable to
battery EOL in California are found in Chapter 6.5 of Division 20 of the California Health and
Safety CodeBattery Management ignder Article 10.9 and deems the Federal Mercury
Containing and Rechargeable Battery Management Act (P.E14PYas the law of the state.

Finally, businesses who export used batteries internationally must comply with RCRA universal
wasteexport requirements, which are specified in 40 CFR 8262. This entails various forms of
documentation, including but not limited to contracts, notice of intent, written consent of the

2 Battery is defined in §273.9
3 Hazardous waste characteristics are found in § 261 Subpart C
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receiving country and any transit countries, and confirmation of rg&£ipt Environmental
Protection Agency, 2015)

3.2.5 Transportation requirements: 49 CFR 8173.185
Lithium-ion batteries are regulated by the Department of Transportation (DOT) as a Class 9

(AMi scell aneouso) hazar dous thimaiondatteriasithata®h i ppi n
shipped by any mode of transport are specified under CFR 8§173.185. Paragraph (b)(1) states that
ALIi thium cells or batteries, including I|ithiu

equipment, must be packaged in anmex to prevent:

(i) Short circuits;

(i) Damage caused by movement or placement within the package; and

(ii11) Accidental activation of the equi pme
The following paragraphs could apply to EOL EV batteries:

(b)(5): Specifies packing requirements fortbaes larger than 12 kg and impact
resistant outer casing

(d): Lithium cells or batteries shipped for disposal or recycling are excepted from
certain shipping and packaging requirements

() Damaged, defective, or recalled cells or batteries are subjexirestringent
packaging requirements and must be shipped in @éitfied container

Batteries are typically shipped through established-bardy logistics companies who are

certified in hazardous material transportation. Nonetheless, the party egerges and ships the
battery is responsible for ensuring that it is packaged safely and demonstrating compliance with
DOT regulations, so knowledge of hazardous material regulations and safety protocols are
necessary for dismantlers, disassemblers, andpegpers.

3.2.6 Interconnection: CPUC Rule 21, CAISO/FERC Tariffs

State, federal, and local interconnection regulations will apply to any batteries usedtiedyrid
applications. In California, the regulations that interconnected battery storage nowst fol
depend on the application of the system (Table 2).

Table 3: Battery storage interconnected to the electricity grid within California must comply
with the following tariffs.

Application/connection level Corresponding Tariff

Net-energymetering/ norexport facility CPUC Rule 21

Participating in wholesale market, connecting to | FERGjurisdictional Wholesale
distribution system Distribution Access Tariff

Participating in wholesale market, connecting to | CAISO Tariff
transmission system
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Interconnection requirements for sraetering facilities are established by the California Public
Utilities Commission (CPUC) under Rule 21. CPUC Rule 21 contains provisions governing,
among other bureaucratic procedures:

Provisions specific to nenergy metered facilities
Technical operating parameters

Certification and testing criteria

Technical requirements for inverters

Each InvestaOwned Utility (IOU) is responsible for the administration of Rule 21 in its service
territory. The procedures dinted in the IOU Tariffs rely heavily on UL 1741 and IEEE 929 as

well as the testing describeddhay 1999 New Yor k State Public Se
Interconnection Requiremer(jgage 222)Obtaining UL certification, while technically a

voluntary standal, is therefore mandatory in practice for geimhnected systems and will

require resources that could pose a burden for smaller companies.
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4. REPORT DEVELOPMENT PROCESS

The Advisory Group met quarterly and was supported by researchers at the Unofersity
California, Davis (UC Davis). The first 14 months of the project, from November of 2019
through December of 2020, were dedicated to knowksdgding. The Advisory Group heard
presentations from the UC Davis researchers along with invited speakeradademia,

industry, and government agencies. These meetings educated the Advisory Group on LIB
technology; environmental, health and safety impacts; current and potential reverse logistics
(including dismantling)reuse and recycling systems; relevamtiteations, regulations and
standards in the U.S. and California; and worldwide EV battery policies and initiatives. Table 3
describes the content and invited speakers for each meeting.

In January 2021, knowledgruilding continued, but the primary focaAdvisory Group
meetings shifted to the report development process, which was divided into four phases:

Phase 1 (January 2024arch 2021): Identify barriers, opportunities, and the existing
landscape

Phase 2 (April 2023uly 2021): Identify potentialglicy options
Phase 3 (August 20Zbecember 2021): Incorporate feedback and create rough draft
Phase 4 (January 2022arch 2022): Finalize report with recommendations

To address the scope of topics relevant to developing the Advisory Group recommendation,
members were divided into three subcommittees, logistics, reuse, and recycling, based on self
selection during Phase 2 of the process. Membership on each subcommittee was as follows:

Logistics:

1. Alliance for Automotive Innovation

2. California New Car Dealers Association

3. Earthworks

4. Tesla Inc.

5. PRBAT The Rechargeable Battery Association
6. Umicore USA Inc.

Reuse:

1. California Household Hazardous Waste at large
2. KBI

3. Southern California Association Glovernments
4. Surplus Service

5. Sustainable Energy Solutions

6. Tesla Inc.

7. PRBAI The Rechargeable Battery Association
Recycling
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. Californians Against Waste

. CalRecycle

. Department of Toxic Substances Control
. Ford Motor Co.

. Honda Tradind\merica

. Occupational Knowledge Internatiohal

. SA Recycling LLC

8. Tesla Inc.

~N o o~ 0N Bk

During phase 1(January 2022March 2021) each subcommittee defined the existing landscape
(i.e.current conditions), and identified barriers and opportunities for safe, effective, and
economically efficient logistics, reuse or recycling. Outcomes were reported back to the entire
Advisory Group during the March meeting of 2021.

During phase 2(April 2021July 2021) each subcommittee developed potential policy options
based on addressing the barriers or taking advantage of the opportunities identified during phase
1. Updates to the Advisory Group were provided at the May and July 2021 meetings.

During Phase 3JAugust 2021December 2021) the Advisory Group developed the final report

and recommendations. The outcomes of subcommittee recommendations and group discussions
were incorporated into draft report documents prepared by the UC Davis team. The poli

options proposed by the subcommittees, which were in many cases elaborated on or altered
during Advisory Group meetings, were turned into a survey that was distributed to Advisory
Group members to aid in the process of prioritizing or eliminating pofitipns. The survey

results are provided in the Appendix. Advisory group members determined the recommendations
through a voice vote at the Novemb@t, 2021 and Decembel"72021 meeting. The survey

results and the vote tabulations are noted in theragp of this report. Finally, Advisory Group
members provided final review of recommendations through edits and comments in drafts of this
report.The Advisory group approved the report for public comment on Deceritp2021.

During Phase 4(January 202March 2022) the Advisory Group accepted comments from the
public. The report was open for public revilmm December 117, 2021 to Februaryél”, 2022.

21 individuals submitted public comment. The UC Davis team reviewed and documented each
comment and any corresponding edits made to the report. For comments submitlatkas in
edits to the report document, they were directly incorporated if they clarified or corrected
background information. Comments that would have substantively charegedrtent of the

report have been summarized and presented in Section 9, along with indications of support or
opposition to specific policies. The verbatim public comments are included in the appendix.

Table 4 summarizes the main presentation topicshendxperts who spoke on each topic for all
Advisory Group meetings. The subcommittee meetings are described in greater detail in Section
5 of this report.

4 Occupational Knowledge International was a member of the Advisory Group until Nov. 3, 2021.
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Table 4.Summary of Advisory Group meetings

# | Date Main Presentation Topic(s) Speakers/Discussants
1 |11/18/2019 | BagleyKeene Open Meeting Act Salwa K. Bojack, CalEPA;
AB2832
Current Lithiumion Car Battery Mohammed Omer, DTSC
Recycling Landscape
Advisory Group Mission
2 | 01/27/2020 | Materials, Reuse, and Recycling of | Dr. Hanjiro Ambrose, UC
Lithium-ion Batteries foMotor Dauvis;
Vehicles Mohammed Omer, DTSC
Schedule and Topics for Technical
Presentations
3 | 05/27/2020 | Testing, Reuse and Secalifé Dr. Hanjiro Ambrose, Union
Applications of Lithiumion Batteries | of Concerned Scientists;
from Motor Vehicles
Battery Lifecycle Tracking Lauren Roman, Everledger
Battery Second Life. Ryan Barr, RePurpose Energ
4 | 07/16/2@0 | Fair Political Practices Commission | Salwa K. Bojack, CalEPA;
Exemption from Conflict of Interest
Code Requirement
Material Recovery from Recycling Dr. Hanjiro Ambrose, Union
Lithium-ion Batteries of Motor Vehicle of Concerned SCI?MS;
Battery Recycling Kunal Phalpher, L-Cycle;
Jeffrey Spangenberger,
ReCell Center at Argonne
National Laboratory
5 |10/13/2020 | Electric Vehicle Battery Policies and | Dr. Oliver Heidrich,
Initiatives in the European Union Newcastle University;
Worldwide Electric Vehicle Battery Dr. Alissa Kendall, UC Davis
Policies and Initiatives
TheRole of DTSC in California Policy Dr. Meredith Williams,
DTSC,;
Valetti Lang, DTSC;
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Date Main Presentation Topic(s) Speakers/Discussants
12/14/2020 | Electric Vehicle Dismantling Jonathan Morrow,
Overview of Draft Policy ﬁutom_ottl_ve .Recyclers
Recommendations Report Outliard ssociation,
Subcommittees Dr. Alissa Kendall, UC Davis
Delegated Bodies under the Bagley
Keene Open Meeting Act of 2004 Salwa Bojack, CalEPA
01/26/2021 | Presentation on Used Vehicles and | Perry Gottesfeld, OKI;
SpentLithium-ion Battery Exports
Updatgd European Union Battery Willy Tomboy, Recharge;
Directive
Battery, Automotive and Recycling
Industry Presentation on Applicable | George Kerchner, PRBA
Regulations The Rechargeable Battery
Association;
Dan Bowerson, Alliance for
Automotive Innovation;
Todd Coy, KBI;
Action to Formally Establish
Subcommittee Membership
Assignments Mohammed Omer, DTSC
03/23/2021 | CalRecycle Extended Producer Matt Sheehan, CalRecycle;
Responsibility Programs and Electron
Waste Feand Payment System Heather Beckner, CalRecycl
Facility Permitting Requirements Wayne Lorentzen, DTSC;
Muzha Ferouz, DTSC,;
Lori Koch, DTSC;
Discussion of Progress and ldeas Rai Meg Slattery, UC @vis.
in Subcommittee Meetings
05/25/2021 | California Zero Emission Vehicle Tyson Eckerle, California

Market Development Strategy and
Permit Assistance Program

California Auto Dismantlers
Association on Sustainable EonfiLife

Governor 6 s Of
and Economic Development;

Manjeet McCarthy, Gdiz;
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# | Date Main Presentation Topic(s) Speakers/Discussants
Policy Solutions for Lithiurrion Tom Novak, Pickn-Pull;
Batteries
Progress reports fromdvisory Group
subcommittees.
George Kerchner, PRBA;
Alison Linder, Southern
California Association of
Governments;
Moharmmed Omer, DTSC;
10 | 07/13/2021 | Industry and Regulatory Challenges a Lea Malloy, Cox Automotive
Obstacles Mobility;
Preliminary Policy Recommendations| Meg Slattery, UC Dauvis;
Survey
Draft Report Revisions and Comment Jessica Dunn, UC Davis
11 | 09/28/2021 | Automobile Industry Core Exchange | Dan Bowerson, Alliance for
and Takeback Concept Automotive Innovation;
Policy Recommendations Survey Meg Slattery, UC Davis;
Results Jessica Dunn, UC Davis
12 | 10/22/2021 | Initial Policy Recommendations Repol Dr. Alissa Kendall, UC Davis
Draft
13 | 11/02/2021 | Second Draft of Policy Dr. Alissa Kendall, UC Davis

Recommendations Report
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5. SUBCOMMITTEE OUTCOMES: BARRIERS AND
OPPORTUNITIES

5.1L OGISTICS

The scope of the logistics committee includes activities that facilitate reuse, repurposing, and
recycling, acknowledging that batteries must first be safely collected and transported to realize
the benefits of either process. The activities that fall utidescope of logistics include removal

of the battery from the vehicle (referred to as dismantling), testing to determine appropriate next
use, collection and sorting, transportation, and tracking.

The subcommittee met five times to review the reveargsstics landscape, identify barriers and
opportunities to safe and efficient reverse logistics, and ultimately develop a list of policy

options to present to the Advisory Group based on addressing the barriers and taking advantage
of opportunities that we identified.

Table 5: Summary of Logistics Subcommittee meetings

# | Date Main Discussion Topic(s) Presenter(s)

1 |2/19/2021 | Subcommittee chair selection Meg Slattery, UC Davis

Group discussion defining goal and scopg
of subcommittee, identifying barriers and
opportunities to ga and efficient reverse
logistics, and establishing work plan

2 |3/12/2021 | Reverse logistics infrastructure Meg Slattery, UC Davis;
Storage and transportation considerationy George Kerchner, PRBA
Relevant regulations

3 | 4/22/2021 | Group discussion of potential policy optio| Meg Slattery, UC Davis

4 | 5/18/2021 | Battery collection in North America Eric Frederickson,
Call2Recycle;

Meg Slattery, UC Davis

Group discussion of potential policy optio

SWOT (Strengths, Weaknesses,
Opportunities, Threats) Analysis of policy
options

5 |6/22/2021 | Group discussion of policy solutions and | Meg Slattery, UC Davis
plan for recommendations

5.1.1 Barriers to Safe and Efficient Logistics

The barriers identified by the subcommittee mainly emerge from the structure of the current
vehicle afterlife market, fire and other safety risks from LIBs, current regulations, a lack of
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information on battery history and current condition, and a shiartfehpacity for handling
anticipated flows of retired LIBs. The following paragraphs further explore these barriers, which
should not be considered an exhaustive list.

Capturing Outof-Warranty Lithiumion Batteries

Many of the barriers identified stemof the decentralized and unregulated nature of the vehicle
afterlife market in the U.S. Retired EVs may end up being handled by several different parties
who have unequal access to the resources and information necessary to manage EOL batteries
properly.One of the concerns mentioned by participants was that once vehicles and/or batteries
are out of warranty, it is difficult to track them or control what happens. Given the rlairkest

nature of the vehicle afterlife industry, returning EOL batteriesdonaestic reuse or recycling
system essentially relies on there being some financial incentive or benefit for doing so to
whoever is handling the battery. Reduced battery recycling costs and increased lithium prices
make recycling more attractive, whichutt potentially resolve this issue.

Safety

EV batteries have a significantly higher voltage than batteries previously used in vehicles and
pose a threat of electrocution if mishandled. Whoever removes the battery from the vehicle must
take certain safetyrpcautions, particularly if the battery is physically damaged. For example, the
battery must be drained and disconnected before performing any work on the vehicle or battery.
Facilities should also be equipped with appropriate personal protective equ(pEnt

including but not limited to rubber gloves and boots, high volsade tools, matting, and a

safety rescue hook. The other key safety issue is fire. In the event of a fire, EV batteries may
reach maximum temperatures between 600 and 1000 C thernwal runawayFenget al,

2014; Golubkowet al, 2015, 2018; Md Said and Mohd Tohir, 2028cilities can mitigate fire
damage by having proper fire suppression capacity onsite (e.g., copious amounts of water, fire
blankets) and dismantling and stgy EVs in an isolated area away from combustible materials.

The necessity for specialized dismantling creates an opportunity to create skilled jobs within the
state of California. To prevent harm and take advantage of the opportunities presentedvby the E
transition, resources such as information, training, and safety equipment must be widely
accessible to anyone who may be in the position to disassemble an EV.

Storage

Because of the safety hazards described above, whoever handles an EOL batteryomust fol
certain storage and transport protocols. As noted in Section 3.2 of this report, storage
requirements are defined by the local fire code (NFPA 855, Chapters 14) and include minimum
space requirements and fire suppression capabilities. Storing baitesitesmay present a

burden and liability, particularly for smaller facilities that do not have sufficient space to hold
batteries for extended periods. This was mentioned as a concern for both auto dismantlers and
dealerships. Dealership representatiw@sed concern about becoming letegm storage sites

for batteries, particularly since most EV sales and ultimately returns will take place at
dealerships in denser urban areas, where space is scarce and valuable. Meanwhile, dismantlers
are concerned abbthe safety threat posed to their facility and personnel.

While dealerships have connections to the vehicle OEM and their collection network,
dismantlers may not have information about where to send batteries if they cannot find an
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immediate buyer. Accomg to an invited speaker from the Auto Recyclers Association, many
are currently accumulating them onsite in the absence of a clear directive.

Transportation

The cost of transportation depends on a variety of factors, including fuel cost, distance traveled,
transportation corridor, and load size. The transportation corridor is a factor because carriers may
charge more to ship to a remote location, as theyeasdikely to generate revenue through

backhaul. Meanwhile, the load size is important because it is moreftadive to ship batteries

using a full truckload vs. legban truckload service. Estimates of the cost of transporting EOL
batteries vary widg but are estimated on average to contribut®@® of the overall cost of
recycling(Fosteret al, 2014; Wanget al, 2014; Zhangpt al, 2018; Daiet al, 2019; Slattery,

Dunn and Kendall, 2021)

To ensure batteries are transported safely, the partgling the battery must comply with
hazardous materials regulations for shipping as specified by the DOT, which increases the cost
of transportation. Damaged batteries are subject to more stringent transport requirements, as
specified by paragraph (f) #9 CFR 8173.185. Specifically, they must be shipped in a United
Nations (UN)certified container, which are custesndered from dangerous goods packaging
manufacturers at great expense.

Unlicensed Dismantling

According to CA Vehicle Code 811500, it islawful for any person to act as an automobile
dismantler without having an established place of business, meeting specified requirements, and
having a current, valid license or temporary permit issued by the DMV. Licensed dismantlers
process an estimated® 000 of approximately 1.2 million vehicles that reach EOL in California
each yea(Department of Motor Vehicles Investigations Divisions, 202@wever, an ongoing
concern is the rise of unlicensed dismantling in the state, whprblidematic because

unlicensed dismantlers do not take the same precautions when disposing of hazardous materials
and fluids. Unlicensed dismantlers acquire most of their vehicles through auto auctions and
dismantle them in various locations, includingaieghops, remote areas, parking lots, industrial
lots, and residences.

Unlicensed dismantling is particularly undesirable for EVs given the hazards posed by large
format LIBs when handled incorrectly. In addition, it further complicates the EOL chain of

custody and may make it more challenging to capture retired batteries for reuse and recycling.
Participants representing the dismantling industry identified this issue and are concerned that any
added burden imposed on licensed dismantlers will push mbigeginto the unregulated grey
market, where it is cheaper to operate.

Infrastructure and Capacity Gaps

Since EVs are not currently being retired at a large scale, California does not currently have the
needed capacity in terms of trained personneatalte high voltage batteries. Lack of

infrastructure in California could encourage EV battery retirement in other states or international
export. Participants also identified a lack of infrastructure for battery disassembly from pack to
module.
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RegulatoryBarriers

Participants identified several areas where clarity on existing regulations is desired and discussed
the need for alignment between federal and state regulations. Clear instructions on navigating
hazardous materials regulations and hazardous weggiations such as packaging, safety, and
storage requirements were recommended. Participants also mentioned a need for solutions to
minimize the cost of compliance, especially for smaller operations such as independent repair
shops or dismantlers.

Universal waste classificatior:IBs are classified by DTSC as a universal waste.
However, a key point of discussion was defining at what point they become classified as
waste, which will affect what activities may be classified as hazardous waste treatment
and who may be considered a generator, handler, or treatment facility. This is an issue
that affects all subcommittees.

Basic Information Needs

To facilitate an optimal EOL pathway, the parties involved must have access to information
about the battery arlcdhowledge of how to handle it safely.

Condition of batteryinformation about the condition of the LIB is necessary to enable

the party handling the battery to determine the next appropriate use for the battery and
what shipping protocol is needed. Sgeaily, knowing the state of health (SOH) is

necessary to determine whether the battery is most suitable for reuse in a vehicle,
repurposing for stationary storage, or recycling. In addition, information about the
batteryds hi st or yinanacdidem vauld alextthe hanhdlehtatlile b e e n
potential of physical damage so they could take the needed precautions.

Battery chemistryKnowledge about battery chemistry is most important for recyclers
because sorting before recycling makes the matexalery process more efficient.
However, this information would also be valuable to the party handling the battery for
negotiation purposes, as recyclers may be willing to pay for higitealt or higher

nickel chemistries, or at least cover the cogtarisportation.

Information about how to safely handle batteriarticipants pointed out that vehicle
OEMs provide training for dealers about how to handle their batteries and vehicles. It
was recommended that this sort of information be made accessible and distributed to
independent dismantlers, repair shops, arstl fesponders. In addition, it was
recommended that agencies provide clear, detailed guidelines on OSHA, storage, and
shipping requirements, and make funding available to support videos and other training
materials. Currently, information on handling EMsd hybrids is available from the Auto
Recyclers Association, Salvage Wire, and the Department of Transpo(taibed

States Environmental Protection Agency, no date)

5.1.2 Opportunities and Benefits

The opportunities identified by the subcommittesimty reflect the potential to reduce EOL
management costs and improve safety, both of which would improve conditions for robust reuse
and recycling systems.
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Reduced Cost and Environmental Impact of Transportation

Given that transportation is estimatedtmtribute between 40 and 60% of EOL costs, there is a
large opportunity to reduce the overall cost of recycling through more efficient reverse logistics
(Slattery, Dunn and Kendall, 202Tjhrough increased information along the chain of custody,
relevant stakeholders would be able to send batteries directly to the most appropriate destination,
thus increasing efficiency and avoiding unnecessary transportation. Reducing the distance
traveled also reduces the environmental impact and cost. Anotherystatiggrease miles

traveled is facilitating a collection system with strategic infrastructure that enables batteries to be
regionally accumulated prior to transport to make the shipment moreféasive and decrease
transport related emissiofidendriksonet al, 2015) The transportation costs could be

additionally reducetyy preprocessing EOL batteries locally to make themhemardous, either

by disassembly/shredding, or by more elegant techniques under develdpmadht, the cost of
transporation can be reduced by identifying strategies that ease the cost of regulatory
compliance without sacrificing the need for safety. This point was brought up frequently in all
subcommittees, and participants emphasized that the regulatory burden museasedkat the
Federal level.

Increased Recycling Rates

Reducing the cost of transportatioray help increase the collection rate and thus the number of
batteries recycled. In turn, this would allow California and the U.S. to realize the environmental,
economic, and social benefits of recovering critical materials from EVs. Participants also pointed
out that creating a successful collection program could provide a framework to encourage the
recycling of other products such as computers, outdoor power equipment, and solar panels.

Improved Conditions for Reuse and Repurposing

Improving the logistics galead to increased possibilities for testing and tracking which would
support the reuse industry by making it easier to determine which batteries are best suited for
reuse. In addition, better information about battery storage would increase safetpidnd av
unnecessary degradation, which will also support reuse.

Benefits to Dismantling Industry

In the near term, establishing a robust network and facilitating access to information will provide
a solution for people and companies who do not know what vatlistranded battery packs. As
more battery packs come offline, the demand for collection and dismantling has the possibility to
create skilled job opportunities within California.

Improved Safety

Better information on proper handling, storage, and sigpprotocol will promote safety for all
parties involved in EOL management. Access to
also alert the party handling the battery about the need to follow extra precautions or use

specialized packaging.
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5.2REUSE AND REPURPOSING

The scope of the reuse subcommittee included both reuse in another vehicle and repurposing for
different applications, though as evident in the discussion that follows, the subcommittee mostly
focused on repurposing. Table 6 describestirommittee meetings and their content.

Table 6: Summary of Reuse and Repurposing Subcommittee meetings.

# | Date Main Discussion Topic(s) Presenter(s)

1 | 2/23/2021 | Subcommittee chair selection; Group discussion | Dr. Alissa Kendall, UC
defining goal and scope stibcommittee, identifying| Davis

barriers and opportunities to safe and efficient reve
logistics, and establishing work plan

2 | 3/8/2021 | Energy Stationary Storage Testing Standards, Jody Leber, CSA Group;

Relevant Regulations, Discussionogiportunities Dr. Alissa Kendall, UC
and barriers. Davis

3 | 4/19/2021 | The Secondife Battery Industry in California; Freeman Hall, B2U
discussion of policy solutions Storage Solutions; Dr.

Alissa Kendall, UC Davis

4 | 5/17/2021 | Prodiwct Stewardship Programs; discussion of polic Jeremy Jones, PaintCare
solutions Dr. Alissa Kendall, UC
Davis

5 | 6/22/2021 | Discussion of reuse policy solutions, discussion of| Dr. Alissa Kendall, UC
policy recommendations report plan Davis

Reuse and repurposing of EV batteries face a number of barriers, opportunities, and benefits that
can be grouped into larger themes. Identified barriers include cost, allocation of responsibility,
lack of information and data, battery design, and laclobfrae for a sustained business plan.
Identified opportunities and benefits include reduced environmental impacts relative to
alternatives, economic opportunities and benefits, provision of energy storage services, and
others such as improved traceabiland disincentives for planned obsolescence. The following

text describes the barriers and opportunities for reuse and repurposing in greater detail.

5.2.1 Barriers to Reuse and Repurposing
Cost

For used batteries to be competitively priced against neteriest they must be offered at a
discount, which can be difficult to achieve given the falling costs of new batteries and the added
cost of repurposing. Reuse or repurposing will also compete with the critical materials contained
in the battery; if recovang materials through recycling provides more value than the reuse or
repurpose application, the appropriate pathway may be recycling.

The main costs of repurposing come from acquiring batteries, testing to determine state of health,
and reconfiguring andquipping batteries with a battery management system (BMS), thermal
management, and other required hardware and software. In addition, battery storage systems
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must meet certain standards, either because they are mandated by law or expected by the market.
The cost of obtaining the necessary certification presents a significant burden for repurposers,
who are typically smaller startup companies and do not have the same resources to draw from as,
for example, OEMs. In addition, the cost of storing batterisg@rpermitting, and complying

with the regulations are a strain on the companies, and the added lack of clarity about the
regulatory compliance that is, or will be, required may dissuade actors from the market.

The difficulty in competing with new baties is exacerbated in California because sediéed
batteries are not eligibl e f-Generationdneentiva ve pr og
Program (SGIP), which partially subsidizes the cost of new energy storage s{Gadifosnia

Public UtilitiesCommission, 2021)Their current exclusion may be due to uncertainty regarding
lifespan and performance.

Allocation of Responsibility

The subcommittee identified the lack of clarity regarding legal obligations and responsibilities
for secondife batteres as a barrier to the development of at@d and partnerships with OEMs.
If a battery is repurposed by a third party and not the OEM, several members expressed the
opinion that the OEM should not be held liable if there is an accident. Similarlynegsitity

for final disposition of the battery (i.e., recycling) remains an open question, especially under
regulatory schemes without some form of producer responsibility.

In the case that the vehicle OEM is not liable if the battery is repurposednéyestill be
sensitive to negative press in the event of an accident and attendant reputational risks, which
could dissuade their participation in arrangements that facilitate sét®ndes.

Lack of Information or Data

State of health (SOHRepurposing and reuse companies need access to information
about the batterybés SOH to estimate the re
battery is suitable for a secotifk application(Sarmaket al, 2019) Access to this

information could also enable secdlifé companies to offer performance guarantees,

which are especially important given that secbfedbatteries are competing with new

batteries from established, larger manufacturers that provide such guaranteesgt With
access to manufacturerso6 BMS, determining
expensive and timeonsuming testing process.

Battery typeSince most repurposers connect batteries of the same make and model in

storage units, the sector wouldalsenefit from increased access to identifying

information about the battery type (i.e., chemistry, voltage, and rated capacity). However,
Smartville is currently piloting a system that integrates heterogeneous batteries into the

same systemas partof tGteEC6 s de mon st r a(Califomia Energynt pr ogr
Commission, 2021a)

Battery history and conditiontransparent information about the battery history would
alert anyone working on the battery to follow special safety protocols, for example if the
vehicle it was removed from had been damaged or in an accident.

First-life Battery Design

The repurposing process can be done at the cell, module, or pack level. All of which require
removing the pack from the EV, and in the case the pack is broken déwenrtmdule or cell
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level, disassembling the LIB pack. The lack of standardization between vehicle OEMs
complicates the secondary market because the disassembly and dismantling process is different
for each pack design. Since not all batteries are deswtledisassembly in mind, the process

can be dangerous and cogfaulet al, 2015)

Acquisition Challenges

The current small scale of EV retirement is a barrier to advancing the ddeandustry,

although the quantity of EVs currently being retired is low compared to the amount that will
retire in the next decadXu et al, 2020; Dunret al, 2021) Furhermore, the supply of retired
batteries will likely be dispersed between dealerships, auto dismantlers, insurance auctions, and
scrap metal recycling facilities, complicating the reverse logistics process and acquisition routes
for the secondife industry.

5.2.2 Opportunities and Benefits
Environmental Benefits

Harnessing the remaining usable capacity in retired EV batteries may displace demand for new
battery products, which avoids the negative impacts associated with mining, refining, and
manufacturingas well as reduces reliance on imported critical materials. On the other hand, if
stationary applications can equally be served by chemistries such as LFP, repurposing batteries
which contain more constrained energy mineiratebalt and nickel may delg the recovery of

these critical materials through recycling, which could diminish the environmental benefits of
repurposing.

Alternatively, deployment of repurposed batteries may expand the energy storage market, rather
than simply displacing new battgpyoduction, in which case key environmental benefits may

come from supporting storage needs on the grid required to accommodate the renewable energy
transition.

Economic Opportunities

A key economic benefit of repurposing is the job creation in Calif@anéathe U.S. that would
accompany the development of a new industry. Another economic benefit is the potential cost
savings to the endser of a seconlife battery system, assuming reused or repurposed batteries
can be delivered at a lower cost. Moreoatfable energy storage also promotes equity by

enabling households and communities who may not otherwise be able to afford energy storage to
be more resilient in the face of natural disasters, for example by providing backup power during
public safety poweshutoff eventgCalifornia Air Resources Board, 2021b)

Encourage Transparency and Coordination Across the Value Chain

A battery pathway where reuse occurs followed by recycling requires mechanisms for long term
planning and collaboration across the@y chain. In supporting this approach, Advisory Group
members identified an opportunity to set expectations and criteria about the traceability and
capture of products before they are put onto the market, which would provide a positive example
for otherindustries. Encouraging reuse and repurposing could also enable repurposers to connect
with vehicle OEMs, encouraging a feedback loop so OEMs know how to design for repair or
repurposing, and design the market to avoid planned obsolescence. Finallggtpaokiuct

longevity and resale can be an incentive for brands to manufacture for reuse and repurposing.
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5.3RECYCLING

The recycling subcommittee was formed to identify policy options that address barriers to
recycling and opportunities for minimizing emmmental and economic cost while maximizing
material recovery. The scope covered includes material recovery via a recycling process. Table 7
summarizes the Recycling Subcommittee meetings.

Table 7. Summary of Recycling Subcommittee Meetings.

# | Date Main Discussion Topic(s) Presenter(s)

1 02/02/2021| Subcommittee Chair selection Jessica Dunn, UC Davis
Group discussion of goal and scope

Group discussion of barriers and
opportunities to recycling

2 | 03/15/2021| Review of goal and scope Jessica Dunn, UC Davis

Review ofbarriers and opportunities to
Recycling

Relevant regulations and permitting
requirements

3 | 04/19/2021| Review of barriers and opportunities to | Jessica Dunn, UC Davis
recycling

Review of relevant regulations and
permitting requirements

Group Discussion ofdlicy Solutions

4 | 05/19/2021 | Group discussion of policy solutions Jessica Dunn, UC Davis

SWOT (Strengths, Weaknesses,
Opportunities, Threats) Analysis of polig
options

5 | 06/23/2021| Group discussion of policy solutions Jessica Dunn, UC Davis
Reportupdate

The recycling of LIBs at EOL faces a number of barriers, opportunities, and benefits that can be
grouped into larger themes. Barriers identified by the subcommittee include existing regulations,
cost, neaterm low volume oEOL batteries, recycling industry development within the U.S.,

and lack of information and data. Opportunities and benefits include reduced environmental and
social impacts, economic opportunities and benefits, increased safety, and recycling industry
growth. The following text outlines the barriers and opportunities in greater detail.

5.3.1 Barriers
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Regulations

The regulatory environment within California, and at the national and international level, is
considered a barrier for the LIB recycling indusffiaere is a lack of clarity as to regulations
relevant to LIB recycling and a lack of alignment between regulations at the state and national
scales.

A particular barrier within California is the lengthy permitting process for establishing a
recycling faclity within the state. The hazardous waste permit requiresstexprocess

designed to protect public health and safety. The process includes a review of the application
materials by engineers, a revision period, and a public comment fdnadd Stags
Environmental Protection Agency, 201BDTSC, the department authorized to issue HW
treatment permits, is tasked with balancing the speed of permitting and the rigor of review. They
have expedited their permitting process to an average of two({ementzen, 2021 which is

still a long and costly timeline for a business developer. There is also added uncertainty for
developers because there has not been a hazardous waste recycling facility sited within
California in over 8 years, limiting the aityl to infer from recent projects what the needs and
timelines might be for new development.

This type of regulatory uncertainty makes investment in recycling infrastructure risky and deters
industry from development within California. While this reparCialiforniaspecific, it is

important to note that at the national scale there is currently no regulatory alignment of strategies
for recovering critical materials within the US, which is a potential barrier for consolidating large
flows of EOL batterie$or recycling. This may change in the near future due to President

Bi denbs Executive Order on Americabs Supply
recycling to securing a domestic supply ch@ihe White House, 2021)

Economics

Forrecycling to proliferate without government intervention it must be economically

compelling. While the recycling of EV LIBs is starting to become profitable under the right
circumstances, logistical costs have proved to be a significant challenge, ésfmdiaver

volumes. Moreover, the value of recovered material is uncertain due to the continuous evolution
of cathode chemistries, not to mention volatility in metal prices. A key evolution is reduced
cobalt in cathode chemistries, due to the high mfambalt and increasing concerns over human
rights violations during its production. This reduction in cobalt reduces the value of the
recovered material.

As the industry develops globally and in the U.S, data sharing could assist the government in
undergsanding the economics of LIB recycling and inform necessary steps the government could
take to support development of the recycling industry.

Supply of Retired Endf-Life Lithiumion Batteries

Similar to the barrier identified by the reuse subcommitte®etis no guaranteed stream of EOL
LIBs due to both the relatively small volume of EV battery retirements at this time (though this
will change in the coming years), and inadequate collection infrastructure. The owner of the
vehicle is currently responséfor the EV battery at EOL for vehicles or batteries outside of
warranty, which may prevent batteries from reaching recycling facilities if there is a significant
cost to recycle the battery and no clear direction for whom to contact or how to arrange
transportation.
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Both barriers (high cost and an unclear process for getting an LIB recycled) could result in the
international export of EVs or spent LIBs. If LIBs are exported, recoverable critical materials
will be lost. Furthermore, exporting spent LIBsutd contribute to environmental justice issues

if batteries are managed or processed using unsafe practices, an issue which has been
documented for LIBS used in consumer electrofiiternational Energy Agency (IEA), 2020;
Sovacookt al, 2020)

Lack of Domestic Value Chain Infrastructure

Another barrier to the development of an industry within the U.S. is the lack of a LIB battery
supply chain in North America to purchase the recovered materials after recycling. While LIB
cells are manufacturealithin the U.S. (e.g., Panasonic for Tesla), there is currently no

production capacity for the precursors to cell manufacturing, such as cathodes. This means
recovered material will be exported to produce cathode materials, perpetuating the dependency
on international markets for clean energy technologies.

Lack of Information

Recycling facilities operate at maximum efficiency when the batteries are processed in uniform
batches. Identifying information about the cathode chemistry, anode chemistry aralyéect
type is not easily accessible, which adds time and cost to the recycling process.

5.3.2 Opportunities and Benefits
Reduced Environmental & Social impact

The recycling of LIBs will reduce environmental impacts by offsetting demand for primary
materals with the recovered materials. This in turn, conserves resources and maximizes the use
of existing materials already extracted. This reduced ore extraction minimizes environmental and
social impacts, such as those that arise from cobalt mining in thedatic Republic of Congo.
Locally, the recycling of LIBs will conserve landfill capacity and reduce the reliance on
hazardous waste landfills. Proper management will also reduce the risk of fire or leaching of
toxins that could occur if the battery istrsbored or otherwise managed properly at EOL.

Economic Opportunities

The development of a recycling industry within the nation and within California presents an
opportunity to create jobs that require a skilled labor force. In addition, there is thenégzono
opportunity of reducing reliance on overseas materials and the risk of supply disruption due to
geopolitics. By recycling within the nation, the recovered materials can be used in the production
of new batteries to support the clean energy transindimreduce U.S. vulnerability to price

shocks and volatility. This national supply, along with increased economies of scale and
technologicabnd procesanprovemens, have the potential to result in the decreased cost of
batteries.

Support the Developmeot a Domestic Lithiurion Battery Supply Chain

As the recycling industry grows, it could potentially lead to the development of a national battery
supply chain and an enhanced clekamp model. A closedbop LIB supply chain consists of

used batteriesesit to recycling to recover materials, which are refined and returned to the battery
supply chain to manufacture the precursors and cathode materials used to manufacture batteries.
Currently, there are no cathode manufacturers within the U.S., requiciodered materials to
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be shipped internationally. The development of domestic recycling could encourage the
development of an intermediary value chain industry within the U.S. In addition, increased
recycling will inevitably lead to technological innovatiathin the industry that could result in

higher efficiencies, thus minimizing residual waste. A similar effect may be observable for
economies of scale and economies of learning, which could result in an economically sustainable
industry.
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6. POLICY PROPOSALS WITH MAJORITY SUPPORT

Based on the phase 2 subcommittee outcomes, a comprehensive list of proposed policy options
was developed. Based on this list, the UC Davis team distributed a survey to Advisory Group
members soliciting feedback on the propogelicy options. Members were asked to rate each
policy option on a Likert scale indicating their strong support, support, support with

modification, no opinion, opposition, or strong opposition. The results of the survey were used to
focus discussion arsblicit recommended changes to those policy proposals most likely to

garner majority support from the Advisory Group during subsequent meetings.

On November 2, 2021, Advisory Group members were asked to vote on each policy proposal.
Members could eitherote in favor, vote to oppose, abstain, or could recuse themselves from the
vote. Members that were absent for the initial vote were asked to vote at the DecBraioen 7
meeting. The level of support was determined by dividing those in support ofiag) v

members. If Advisory Group members elected to recuse themselves, they were not counted
among voting members and thus were excluded from the calculation of percent support.
Majority support is defined as any policy proposal for which the level gdatipxceeds 50%.

In total, 15 Advisory Group members participated in the final vote; the full results can be found
in table A2 of the appendix.

The four state agency representatives recused themselves from voting for all policy options. As
representativesf individual agencies within the Executive Branch, rather than the full
Administration, these agencies felt it was inappropriate to endorse a specific policy outcome or
recommendation in a report to the Legislature. Rather, should any of these recotiomghea
discussed within the Legislature, the Administration would provide input in due course and
through the appropriate channels.

6.1POLICIES DEFINING RESPONSIBILITY FOR END-OF-LIFE
M ANAGEMENT

At present, no party is required to coordinate and pathécollection, transportation, and

processing of retired outf-warranty batteries, so the pathway depends on the economic value

and feasibility of reuse and/or recycling. Th
consumers or small operatioeisd up in possession of LIBs that they do not have the resources

or motivation to dispose of properly. Without a mechanism to collect stranded batteries, they

may be unsafely accumulated, illegally abandoned, or improperly managed domestically and

abroad.

To avoid improper management, the following EOL management policy options were developed
through subcommittee deliberation and Advisory Group discussion. These policies seek to
ensure that all batteries are captured and properly reused, repurposeygledrey defining a
responsible party at EOL (options 1, 2a, and 2b), or by establishing a financing mechanism to
pay for EOL management (options 3, 4, and 5). As documented in the Novéfided 2

December # meeting, policy proposals 1 and 2a received majority support, while the others did
not (see Table 8).

Regardless of which option is adopted by the legislature, the following aspects must be carefully
considered:
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There should be a clear transfer of responsibility for EOL management when batteries are
reused or repurposed. This transfer happens when a transaction occurs between an OEM
and repurposer. Responsibility includegaleeling of batteries to identify thesponsible

party in the case of reuse or repurposing; arranging reverse logistics to transport batteries
to recycling hubs; payment of recycling cost, if required; and documentation of recycling.
How the responsible party should provide proof of propesegtepurposing, and/or

recycling must be established.

If responsibility for EOL management includes ensuring that batteries are properly
recycled, it is necessary to define what
requiring batteries be sett a facility that is licensed to recycle batteries in the U.S., or

to facilities that meet an international standard in terms of environmental performance
and other metrics. There is currently no international standard, so the criteria and how it
should ke verified would need to be defined through a separate condesrsers process.

Table 8.Advisory Group vote outcomes and level of support for EOL management policy
proposals.

Policy proposal In Favor | Opposed | Abstain | Level of
support
(%)

1. Coreexchange and vehicle backstop 14 0 1 93%

2a. Producer takback 10 4 1 67%

2b. Producer takback with companion 4 10 1 27%

legislation requiring return to OEM

3. Environmental handling fee 6 7 2 40%

4. Environmental handling fee gathetadough | 5 7 3 33%
vehicle registration

5. Hybrid environmental handling fee 5 9 1 33%

Sections 6.1.1 and 6.1.2 provide more detailed information for policy proposals 1 and 2a, the two
that received majority support. For each of the proposal®\diisory Group and UC Team

provided advantages and disadvantages illustrating the complexity of each policy option.
Proposals 245, which did not receive majority support, are detailed in Section 7.1.

6.1.1 Core Exchange and Vehicle Backstop Policy
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This policy is built upon existing industry standards and policies for other components,
specifically a core exchange and product talek. It is not intended to replace current warranty
regulations or programs; if a battery is removed while under warrantyelii@de manufacturer

is responsible for properly reusing, repurposing, or recycling. The proposal defines responsibility
for outof-warranty batteries via three pathways:

1) For EVsstill in service, if a battery pack, module, or cell is replaced before the vehicle
reaches EOL, a core exchange program detailed by the EV battery supplier* shall be used
for the replacement battery (or any module or cell). The entity removing the battery shall
be resposible for ensuring the used battery (or module or cell) is properly reused,
repurposed, or recycled. The entity selling an EV battery shall use a core exchange**
program to track that the used battery has been prapariaged

2) For EVsreaching EOLa dismantler who takes ownership of an EOL vehicle is
responsible for ensuring the battery is properly reused, repurposed, refurbished, or
recycled. If an EV battery is directly reused in another vehicle with no alterations, the
process for Ks still in service shall apply. If the battery is refurbished or repurposed, the
responsibility transfers to the refurbisher or repurposer.

3) In circumstances where an EOL EV with an Ofebfttified battery isiot acquired and
removed by a licensed dismantle the vehicle manufacturer shall be responsible for
ensuring that the vehicle is properly dismantled and the LIB is properly reused,
refurbished, or recycled.

Definitions:
*Supplierrefers to the entity selling the battery, which could be a manufacturefurbisher.

**Coreexchanget n t he auto parts industry, a Acoreo i
that can be remanufactured or recycled. Often, this takes the form of a core charge, where the
customer pays a deposit when purchasing apaatv The deposit is then refunded when the part

is returned. In the vehicle backstop policy proposal, the details of the core exchange program can

be decided by the vehicle OEMs or battery suppliers and may or may not involve an added
chargeTwo exampls provided by the Alliance for Automotive Innovation were 1) a case where

the used battery is shipped to vehicle OEM part sales, and 2) where the battery is replaced by a
repair shop with an existing recycling arrangement:

1) The battery is removed by a repshop, who ships it to vehicle OEM part sales, battery
aftermarket sales, or a battery refurbisher. These entities return a replacement battery to
the repair shop, and is then responsible for ensuring the used battery is properly recycled,
refurbished, osent for secondse.

2) The vehicle OEM, battery aftermarket sales, or battery refurbisher requires assurance that
the repair shop removing the battery will properly recycle, refurbish, or put it into-a non
vehicle secondary use market.

Considerations for implementation

The legislature or responsible agency should revisit this policy periodically to assess its
effectiveness in preventing stranded and exported batteries and evaluate whether any
changes are necessary.
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Advantages
The Awehbiacckstopo will address LIBs that

Depending on how the vehicle backstop is implemented, it may be the sole means of
capturing batteries that are currently on the road and out of warranty.

Does not add an upfront fee teetcost of the EV
Encourages independent reuse and repurposing for batteries with available capacity
Specifies transfer of responsibility for reused, refurbished, and repurposed batteries
Incentivizes design for recycling and disassembly

Disadvantages

Potentially increased costs to the OEM under the assumption valuable LIBs at their EOL
will be sold to a third party, and the OEM will be contacted to dispose of EVs with
negative value

Could result in increased cost to the OBM, consequenthigher priesfor consumers
andnegative consequences Y penetration

If the OEM goes out of business this may result in orphaned batteries which do not have
a party responsible for the EOL management
6.1.2 Producer Takd3ack

The auto manufacturer is responsitileensure proper reuse, repurposing, or recycling of its EV
traction batteries by a licensed facility at no cost to the consumer if and/or when they are no

longer wanted by the owner, and in the event no other entity has taken possession of the battery.

Auto manufacturer responsibility initiates when the auto manufacturer has been notified the
battery has reached its EOL and is available to be reused, repurposed, or recycled. If the battery
is repurposed, the EOL responsibility transfers to the repurposmgany. This responsibility
includes:

Arranging reverse logistics to transport the batteries to repurposing or recycling hubs
Being responsible for the recycling costs
Documenting the proper disposal of the battery

The Auto manufacturer wifprovide educational materials to customers and the service/repair
industry, explaining the return process. This material will be made available through the vehicle
owner manual or kvehicle display, in printed dealer materials, and online.

Advantages

Clearly defines responsibility while providing the option for EV owners to sell the battery
at the EOL or contact the vehicle OEM to correctly dispose of it

The ability for batteries to be sold to a third party at the EOL provides opportonity f
growth in the remanufacturing, refurbishing, and repurposing industry without requiring a
partnership with the vehicle OEM

Incentivizes design for recycling and disassembly
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Disadvantages

Increases costs to the manufacturer under the assumption vallidbhk their EOL will
be sold to a third party, and the vehicle OEM will be contacted to dispose LIBs with
negative value

Could result in increased costttee manufacturer resulting in higher prides
consumersndnegative consequences Y penetation

If the vehicle OEM goes out of business this may result in orphaned batteries which do
not have a pay responsible for the EOL management

6.2 SUPPORTING POLICY PROPOSALS

In addition to recommending a comprehensive policy defining responsibilE@lat the
subcommittees developed 19 policy options to address more specific barriers and opportunities
in the following categories:

Access to Battery Information

Support Reuse, Repurposing, and Recycling Industry Development
Reverse Logistics

Circular Economy and Quality Recycling

The proposed policy options are not mutually exclusivand should be considered

complementary to any potential policy that defines responsibility, such as those proposed in
sections 7.1.1 and 7.1.2. In total, 12 ofgft®posed supporting policies garnered majority

support according to the Advisory Group vote on DecemBefffe remaining policies are

presented in Section 6.2, and the detailed voting and survey outcomes are presented in Table Al
and A2 in the Appendix.

Table 9.Supporting policy proposals with majority Advisory Group support

Category Policy Purpose Level of
support (%)

Access to battery | Physical labeling Facilitate sorting to improve | 93%

information requirement process efficiency; enable eas
identification of battery/vehicle
OEM

Access to battery | Digital identifier Identify LIB chemistry at EOL;| 87%

information identify responsible party for

safe disposal; improve safety
during disassembly

Access to battery | Universaldiagnostic Reduce cost of testing; enable 53%
information system performance guarantees for
reused and repurposed batteri
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Category

Policy

Purpose

Level of
support (%)

Support
repurposing, reuse
and recycling
industry
development

Recycling incentive
packages

Mitigate upfront capital costs;
encourage recyclingithin
California

73%

Support
repurposing, reuse
and recycling
industry
development

DTSC permit timeline

Reduce cost of locating
processing facilities within
California

60%

Support
repurposing, reuse
and recycling
industry
development

Expandeligibility for
battery storage systems

Enable costompetitiveness
with new batteries

67%

Safe and efficient
reverse logistics

Support enforcement of
unlicensed dismantling
laws

Prevent environmental hazard
and stranded batteries due to
unlicensed disnraling

87%

Safe and efficient

Develop training

Improve safety and workforce

93%

reverse logistics | materials capacity
Safe and efficient | Support transportation | Reduce transportation cost 100%
reverse logistics | research
Safe and efficient | Develop strategic Reduce transportation cost 93%
reversdogistics collection and sorting

infrastructure
Safe and efficient | Universal waste Reduce transportation cost an{ 100%

reverse logistics

regulations

administrative burden

Safe and efficient
reversdogistics

Require preapproval to
bid on EVs at auctions

Enable tracking of EVs
purchased at auctions

60%

6.2.1 Access to Battery Information

Lack of access to information about battery packs was identified as a barrier by all
subcommittees. The partymeving the battery needs information about the condition to

determine the next suitable use and whether any extra precautions are necessary during shipping
and handling. In addition, the reuse, refurbishing, or repurposing company needs information

49



abouthe batteryds SOH to ensure quality and pr o\

need to know the chemistry to sort batteries and process them at maximum efficiency. The
following policies are recommended by the Advisory Group to increase accesshaatidn:

Physical labeling requirement

Require OEMSs to attach a standardized physical label containing information about the battery in
symbol or text form to the pack in a visible and legible manner. The label(s) should be located
such that they are vide during maintenance, replacement and after being removed from the
vehicle.

The California Air Resource Board (CARB) is developing a labeling requirement as part of their
proposed Advanced Clean Cars Il regulai@alifornia Air Resources Board, 2021@he

information required includes the manufacturer name, cathode chemistry, voltage,
performance/capacity, product alert statements/hazards, composition/process related information,
and electronic information exchange/digital identifier. Advisory gnm@mnbers recommend that
labeling requirements align with the forthcoming CARB standard, as well as the Society for
Automotive Engineers standard for EV batteries (SAE293BE International, 2012)

Advantages

The label allows recyclers to easily sbiBs by cathode chemistry, which maximizes
process efficiency and material recovery rates and avoids complications

Easy identification of theehicle OEM and chemistry will streamline the repurposing
process since most stationary repurposed systemsiiiirading the same type of battery.
Because some cathode chemistries have more material recovery value than others,
information about battery chemistry will enable the party handling the battery to
negotiate the cost paid to or by recyclers.

Disadvantages

If only elements present in the cathode are listed and not the full stoichiometry of the
cathode (e.g., NMC 622) or the composition of the rest of the battery, it may not be
enough to identify the value of materials within the battery

The cathode chemistry may be proprietary information to the battery manufacturer

If the vehicle OEMs delegate the labeling responsibility to the auto dealers, this could be
overly burdensome to the dealerships

Applying this label to the pack only may le@dinformation loss if the modules or cells
are separated

Electronic Information Exchange (i.e., a QR code linking to online database)

An electronic information exchange should be enabled by a digital identifier, such as a QR or
barcode, applied as a plga label on the battery pack. This digital identifier will direct to an
online database.

The Advisory Group recommends the following information to be included in the online
database:

Main cathode chemistry (e.g. NMC)
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Capacity (e.g. 100 kWh)
Systemvoltage (e.g. 28.8V)
Instructions for disassembly from the vehicle
Vehicle OEM contact information to request safe disposal of the battery
Advantages
Providing easily accessible disassembly instructions can increase safety at battery EOL

Easily accessibleehicle OEM contact information can expedite the recovery of LIBs at
their EOL, which would prevent stranded batteries and increase recycling rates

The information shared on this platform has the potential to expand past the Advisory
Group recommendatien

Disadvantages
May not be enough information to maximize reuse, repurposing, and recycling

Applying this QR code to the pack only may lead to information loss if the modules or
cells are separated

Universal diagnostic system

In addition to information about the contents of the battery pack, enablingptrindaccess to
stateof-health (SOH) information could facilitate repurposing and reuse by reducing the time
required for testing. A Universal Diagnostic System (UDS) ilextadn the battery would enable
nonOEM actors to access relevant data about the condition and/or history of the dftataty

has been removddm the vehicle. The UDS would be analogous to the Onboard Diagnostics |l
(OBD2) systems in vehicles whenegine and other vehicle system information (and particularly
faults or failures) is reported. OBD2 is required for all kdhty vehicles built after 1996.

The California Air Resources Board is currently drafting a standardized battery SOH proposal as
pat of the Advanced Clean Cars |11 regulation.
SOH of battery with a minimum accuracy{5/%) based on the remaining
Battery Energyd6 as measured by SAdadablelbg8 4 | ab
driver without a tool and normalized so that 100% equals new on all cars. The proposal also
requires OEMs to define and disclose the SOH value that qualifies for warranty repair.

The CARB proposal is distinct from this proposal for a UD&lbse the UDS would function
even after a battery is removed from a vehicle; however, coordination and alignment with CARB
where possible is recommended to avoid overlapping regulation.

Advantages

Enables informed decisions about reusing, repurposingeagdling, which ultimately
reduces the overall costs

Increased information on the use and SOH can enable maximum use and value out of the
battery packs through repurposing and reuse

May keep an EV on the road for a longer period of time before ownesspurchase a
new vehicle, reducing costs to vehicle owners.
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Enables more locations to diagnose and work on batteries, which would lower cost to
consumers

Disadvantages

Could require special LIB design for vehicles sold in California and result in iecreas
costs

Intellectual property concerns for OEM and battery supplier algorithm and software
Easily accessible information on state of health could encourage unlicensed repurposing

6.2.2 Support Reuse, Repurposing, and Recycling Industry Development

Thehigh upfront cost and lack of largeale battery retirement contribute to the challenging
economics of reuse, refurbishing, and repurposing. Furthermore, it is preferable for disassembly,
reuse, and recycling to take place within California to creatkedkobs and guarantee the
processes meet the statebds high environment al
cost, making it difficult to compete with other jurisdictions. The following policies are

recommended by the Advisory Group to mitggtese barriers and encourage industry

development within California

Economic incentive package provided to lithiion battery recyclers within California

The State should provide financial incentives in the forms of tax breaks or grants to hazardous
wade processors that recycle LIBs to mitigate upfront costs and encourage industry development
within California.

Advantages

Subsidizing upfront costs will make CaliforAi@sed recycling competitive with other
states

Recycling within California will ens& compliance with high environmental standards
and reduce the transportation distance at the EOL

Disadvantages

Does not ensure the loftgrm economics are profitable

Could lead to overbuilding recycling capacity or inefficient siting

The public may be skical about recycling as a hazardous waste processing industry
Establish a timeline for hazardous waste processing permit

As part of the hazardous waste facility permitting process, a timeline shall be established during
the initiation of the permittingrpcess. Both DTSC and the permit applicant are expected to
comply with this timeline and any and all milestones as described in Senate Bi@dbé&ittee

on Budget and Fiscal Review, 202The successful completion of this process in a timely
manner dpends on the applicant providing adequate revisions of permit applications to DTSC in
a timely manner. Permit applicants must provide adequate and timely responses to identified
deficiencies in the application
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Advantages

Addresses the lengthy andcertain permitting process in California compared to other
states, which was identified as a barrier to the recycling industry

Provides transparency and certainty

Could lead to the establishment of a recycling facility in California, thus creatingdskille
labor jobs and reducing the cost and emissions of the LIB EOL by reducing
transportation distance to the recycling facility

Disadvantages

|l f DTSCO6s budget is cut or they are not ab
approval may be rushed aritbte is a risk that mistakes or flaws will be overlooked

A process is needed to weed out frivolous applications and avoid the involvement of bad
actors

Expand eligibility for relevant incentive programs to include reused and repurposed
batteries

Currently,repurposed battery storage systems are not eligible for existing incentive programs

that subsidize the cost of new battery storage. The Advisory Group recommends encouraging the
CPUC Program Administrator to consider expanding eligibility for thegaieration incentive

program (SGIP), provided repurposed batteries meet specified performance and warranty

criteria. The performance standards should be developed based on the best available research on
safety, SOH, and battery lifetime.

In addition, the Adsory Group recommends that responsibility for EOL management, including
recycling and labeling, be required for all suppliers that participate in incentive programs for
stationary batteries.

Advantages
Enables repurposed batteries to compete with new batteries
Disadvantages
Further research is needed on the performance and safety of repurposed batteries

6.2.3 Reverse Logistics

The Advisory Group recommends the following policies to support the sakffasient
removal, handling, and transportation of EOL batteries.

Support enforcement of unlicensed dismantling laws

An ongoing concern in the state of California is the rise of unlicensed dismantling, which is
problematic because unlicensed dismantersot take the same precautions when disposing of
hazardous materials and fluids. Unlicensed dismantling is particularly undesirable for EVs given
the hazards posed by larfggmat LIBs when handled incorrectly. Increased resources should be
provided to mprove enforcement of unlicensed dismantling laws, for example through the
existing Vehicle Dismantling Industry Strike Team which is led by the Department of Motor
Vehicles (DMV).
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Advantages

Support businesses that operate safely and environmentalynsésly

Improve the business environment for the licensed auto dismantling industry
Disadvantages

Added enforcement creates an administrative burden for the DMV

Develop Training Materials for Parties Handling EOL Batteries

To support industries that will need to adapt to vehicle electrification and promote safe EOL
management, funding should be made available to support training materials that provide clear,
detailed guidelines on occupational safety, storage, and shipptug@ and requirements.
Examples of current efforts to increase training include a course for first responders created by
the National Fire Protection Association, and a webinar on the safe handling of LIBs (mainly
portable) created in a joint effort tiye U.S. Department of Transportation (USDOT) and the

EPA.

Advantages

Develop workforce capacity and promote safety
Disadvantages

None to report
Universal Waste Regulation

LIBs at their EOL are classified by DTSC as a universal waste and meet theatefifiti

hazardous waste under RCRA due to their risk of ignitability and toxicity. A key point of
discussion for all subcommittees was defining at what point they become waste, which will

affect what activities are considered hazardous waste treatment ansl edmsidered a

generator, handler, or treatment facility. It was suggested that batteries be considered waste only
after it has been demonstrated they do not have sufficient remaining capacity for reuse or
repurposingHowever, such changes would needé adopted at a federal level before it could

be implemented by DTSC.

The Advisory Group recommends that if the U.S. EPA changes the status of retired batteries in a
way that reduces regulatory burden, DTSC should evaluate those changes and adopt them as
long as they are consistent with the continued protection of public health and the environment in
California.

Advantages

Reduces unnecessary administrative burden and provides clarity for parties handling EOL
batteries

Disadvantages

Reducing regulatory wden must be limited to actions that do not sacrifice safety, public
health, or environmental stewardship
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Identify Strategies to Reduce the Burden of Transportation

The Advisory Group recommends the state support research on solutions to reduce the cost of
collection and transportation. This research should include 1) technical solutions for regulatory
compliance related to packaging and handling safety mechanisms, and 2) regulatory analysis
focused on lowering the costs of federal regulation compliant®witompromising safety.

There is greater support among the Advisory Group for research focused on technical solutions
related to packaging and handling than regulatory analysis on lowering the costs of compliance.

Advantages

Shipping and handling costs are significant and lowering these costs without
compromising safety will improve the overall economics of repair services, as well as
reuse, repurposing, and recycling

Disadvantages
Lowering the cost of compliance must notrdfae safety
Research will cost money

Develop Strategic Collection and Sorting Infrastructure

To support a more efficient reverse logistics network, the state should support the development
of strategically located collection and sorting facilities. &gatpport constitutes assisting with
site selection, permits, land use, etc., and not the construction of infrastructure.

Advantages

A spatially optimized collection network will reduce the transportation distance at EOL,
which will make the systemmore efficient and reduce cost and environmental impact

Disadvantages

State involvement could lead to unnecessarily high oversight costs and/or a less efficient
system compared to allowing the marketplace to determine collection and sorting
infrastructure

Require PreApproval to Bid on Electric Vehicles at Auctions

To minimize unlicensed dismantling, the Advisory Group recommends requiring that interested
parties apply for prapproval before participating auto auctionsThe preapproval process
shouldinclude registering and verifying contact information (e.g. name, address, etc.) in order to
track the battery

The logistics subcommittee also discussed including a safety training requirement, but ultimately
decided this was outside the scope ofAdeisory Group. Members noted that this policy should

be implemented in a way that minimizes administrative burden for parties who are qualified to
work on EVs.

5 Public commenpointed outhat ndividual (public) buyersvho wish to participate i€aliforniaauto auctionsire
currently required to purchase vehicles through a broker and provide identification, ingatfgf address. They
are also limited in the typef inventory they arellwed to bid on
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Advantages
Discourages illegal dismantling and unsafe DIY repurposing

Disadvantages

Many individuals participate in insurance auctions to repair their own vehicles, not as
unlicensed dismantlers. Several Advisory Group members as well as members of the
public commented that this should be enforced in a way that allows#ctsce to

continue

Further research on implementation is needed
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7.PoLICY PROPOSALS WITH LESSTHAN -M AJORITY
SUPPORT

The following policy options are worthy of consideration by the legislature but did not receive
majority support from the Advisory Growote.

7.1ALTERNATIVE PROPOSALS TO DEFINE END-OF-LIFE
M ANAGEMENT

7.1.1 Allocating Responsibility

Producer TakeBack with Companion Legislation Requiring Return of the Lithinm
Battery to the Original Equipment Manufacturer at Eofelife

The auto manufdurer is responsible to ensure proper reuse, repurposing, or recycling of its EV
traction batteries by a licensed facility. Auto manufacturer responsibility initiates when the auto
manufacturer or its agent takes custody of the battery at no cost tmtghexer. This

responsibility includes:

Arranging reverse logistics to transport the batteries to recycling hubs
Being responsible for the recycling costs
Documenting the proper disposal of the battery

The Auto manufacturer will provide educational materials to customers and the service/repair
industry, explaining the return process. This material will be made available through the vehicle
owner 6s imehidealisplay in printed dealer materials, and onlimeddition,

companion legislation that requires all EV batteries to be returned to the manufacturer or its
agent upon removal from the EV is necessary.

Advantages

Clearly defines responsibiitat the EOL

Provides the vehicle OEM with a stream of used LIBs that will likely be valuable
Disadvantages

Considering the return of LIBs to the vehicle OEM at their EOL would be required, this
policy deters from reuse or repurposing through a thirty plaat does not have a
partnership with the vehicle OEM

7.1.2 Environmental Handling Fees

Environmental handling fee applied at time of purchase

A onetime payment is assessed at the point of purchase of a new EV to finance an EOL
collection and recyclingrogram. Further research should be done to estimate the appropriate fee
and fee structure (e.g., based on the size of battery or type of car). The fee should be reevaluated
and adjusted yearly. These are dedicated funds for managing EOL batteriesudahdbsho

preserved for this use.
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Advantages

Establishes a fund to cover EOL costs for all LIBs, including stranded batteries
Disadvantages

Increases upfront acquisition cost of EVs

Considering the EV will retire on average in 10+ years,diffscult to determine an
accurate fee level to cover the cost of future recycling

Environmental Handling Fee Gathered Through Vehicle Registration Fee

A recurring fee is gathered at the time of yearly vehicle registration to finance a LIB collection
andrecycling program. Further research should be done to estimate the appropriate fee and fee
structure (e.g. based on the size of battery or type of car). The fee should be reevaluated and
adjusted yearly. These are dedicated funds for managing EOL badtediebould be preserved

for this use.

Advantages

Establishes a fund to cover EOL costs for all LIBs, including stranded batteries and those
purchased outside of California

Reduces upfront acquisition cost to EVs
The cost can be adjusted yearly based on the cost of recycling
Burden is shared by all owners over the EV lifespan
Disadvantages
Registration fees will be higher for EVs than internal combustion engine cars

Increases ownership costs of EVs which wouldatiegly impact EV adoption and state
pollution and climate goals

Total fee paid is dependent on the LIB lifespan
Hybrid Environmental Handling Fee

A recurring fee is gathered at the time of vehicle registration to finance a LIB collection and
recycling pogram. This yearly fee will be split between the EV owner and the auto

manufacturer. Further research should be done to estimate the appropriate fee and fee structure
(e.g. based on the size of battery or type of car). The fee should be reevaluatgdsted ad

yearly. These are dedicated funds for managing EOL batteries and should be preserved for this
use.

Advantages

Establishes a fund to cover EOL costs for all LIBs, including stranded batteries and those
purchased outside of California

Shares costs between EV owners and the vehicle OEM
Could avoid large upfront acquisition cost to EVs
The cost can be adjusted yedrhsed on the cost of recycling
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Burden is shared by all owners over the EV lifespan
Disadvantages
Registration fees will be higher for EVs than internal combustion engine cars
Potentially increases the acquisition cost of EVs
Total fee paid is dependemn the LIB lifespan
Additional commentary

If a fund were to be established through an environmental handling fee, the majority of the
Advisory Group recommended it be managed by a third party and not a state agency.

7.2SUPPORTING POLICY OPTIONS WITHOUT M AJORITY SUPPORT

This section presents the policies that did not receive support by the Advisory Group during the
vote on November™ and December'7but may still be worthy of consideration by the

legislature. Some of these policies received suppomgldhie initial survey, which will be noted

and further discussed in the policy subsections.

Table 10.Additional supporting policies that are not recommended because they did not have
majority support during the Advisory Group vote. An asterisk nexted@thicy indicates the
policy received majority support in the survey, but not in vote.

Category Policy Purpose Level of
support (%)

Support industry Disassembly Encourage disassembly 20%
development incentive packages* | within California

Circular economy and| Recycled content Create demand for recycle( 47%
quality recycling standards material; improve

sustainability of new EVs

Circular economy and| Minimum material Ensure recovery of critical | 47%
quality recycling recovery targets* materials

Circular economy and| Third-party Ensure batteries are recycl| 40%
guality recycling verification sustainably

Circular economy and| Require design for | Reduce reuse and recyclin¢ 33%

guality recycling reuse and recycling* | cost
Circular econmy and | Reporting system for| Improve access to 33%
quality recycling EV batteries retired | information about location

from use of LIBs at EOL
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Category Policy Purpose Level of
support (%)

Circular economy and| Reporting system for | Improve access to 33%
quality recycling LIB recycling and information about recycling
recovery rates rate of LIBs

Support Reuse, Repurposing, and Recycling Industry Development
Economic Incentive Package to Encourage Disassembly Within California

Provide financial incentives in the forms of tax breaks or grants to fasilitho disassemble
battery packs to encourage industry development within California.

Comparison of voting and survey outcomes

While a majority of the Advisory Group did not support this policy in the vote, the survey
resulted in support by a slim majority 55%, with 30% of the members expressing no opinion.

Advantages
A disassembly industry will create skilled jobs in California
Disadvantages

Concern that bad actors could take advantage of financial incentives, leading to
abandoned sites

Encourages disassembly within California regardless of whether it is the optimal location

7.2.2 Circular Economy and Quality Recycling

The following policies were intended to promote circular economy principles, reduce the
processing cost of reuse and r@oyg, and ensure that batteries are recycled using sustainable
processes that recover critical materials.

Minimum Material Recovery Rates

Required recovery rates for specific materials have been proposed in the EU to guarantee that
critical materialsare e covered. The Arecovery rateo is the
form as a percentage of total input of that material.

Further research is needed to identify feasible target rates, which materials should be included,
and the best process fonplementation to ensure that domestic and international recyclers are

on an even playing field. The targets should be phased in over time and reflect technological
developments and commercial recycling capability in North America. An example of target
recvery rates for LIBs is the proposed "medium ambition” revisions to the EU Battery Directive
that specify the following material recovery rates in 2025. Please note these rates are an example
and not the recommended rates by the Advisory Group.

Cobalt: 9046
Nickel: 90%
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Lithium: 35%
Copper: 90%
Comparison of voting and survey outcomes

The survey resulted in support of this policy, although by a slim majority of 55%, with 10% of
the members expressing no opinion.

Advantages

Requires recycling processes with a high yield rate

Provides a method for targeting the recovery of critical nedser

Allows for flexibility and the increasing of targets as recycling technology matures
Disadvantages

The rates established for the purposes of critical material recovery and sustainability may
not be profitmaximizing for the recycling industry

Global consistency of definition and calculation process of materials recovery may be
difficult to achieve causing incorrect recovery rate achievement

Design for Repurposing, Reuse, and Recycling

Disassembly at EOL is timand costintensive for repurpose and recyclers. Requiring or
incentivizing OEMS to design batteries in a way that facilitates repurposing, reuse, and recycling
could make disassembly at EOL less tiamel costintensive for repurposers. Examples of

design for reuse or recycling that @@ binding or exhaustive include sealing battery packs with
screws instead of adhesives, using an alternative binder than polyvinylidene fluoride to increase
EOL solubility, and converting to solid busbars that are in a standardized position.

Comparisonof voting and survey outcomes

The survey resulted in support of this policy, with a slim 55% majority in support, 5% of the
members responding support with modifications and 15% of the members expressing no opinion.

Advantages

Increasing the efficiency @&purposing, reusing, and recycling of LIBS at the EOL will
decrease EOL processing costs

Can increase the safety of disassembling LIBS at their EOL

Encouraging consideration of EOL during the design process promotes circular economy
principles

Disadvantaes

Imposing strict prescriptions for product design has the potential to hamper innovation.
There are potential tradeoffs between designing for their EOL and other key aspects for
their first use such as safety, cost, and performance

Couldincrease manufacturing costs
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Third-Party Verification

LIBs should be disassembled, processed, and recycled in facilities that have been verified by a
third party to guarantee higjuality environmental performance (i.e. emissions control) and
worker safeg. This is intended to provide assurance that recycling facilities operating in any
jurisdiction outside California are conforming to a minimum standard.

The Advisory Group recommends the legislature call for the establishment of a process standard
for fadlities where used LIBs, production scrap, and derived materials are processed or recycled.
This will require consensus standard development to address specific types of processes within
recycling and processing facilities (e.g. dismantling, pyrometadakgnydrometallurgical). The
process standard would then be approved by a designated state agency and verified by a third
party through an initial and annual auditing process.

The third party should be an independent source (e.g. certification bodgividnaks certification
based on a facility meeting certain environmental criteria outlined in a certification standard and
described in certification requirements. Examples of programs usingptuitgl verification

include Estewards and PaintCare.

Comparion of voting and survey outcomes

The survey also did not show majority support of this policy, with only 45% in support, although
the majority was close with 5% of members willing to support with modification. In addition,
30% responded with no opinion.

Advantages
Discourages export of LIBs to facilities that do not meet environmental standards
Supports a level playing field for recyclers
Disadvantages
Cost of oversight and administration could increase the cost of recycling
Recycled Content Standards

Mandatory recycled content standards were suggested to ensure the use of recycled materials in
battery manufacturi ng. HaRoerceptage & bcocetmatemnat 6 r e f
used to manufacture a new product. The recycled content standard would-partyineerified

by an independent source (e.g. certification body) that awards certification based on the product
and facility meeting certaienvironmental criteria outlined in a certification standard and

described in certification requirements. This requires consensus standard development to address
specific types of processes within the manufacturing.

As an example, proposed revisionsghe EU Battery Directive include the following minimum
recycled content standards. Please note these rates have not been recommended by the
subcommittee:

January, 2030: 12% cobalt; 4% lithium; 4% nickel
January, 2035: 20% cobalt; 10% lithium; 12% eick
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Further research is needed to determine achievable recycled content standards and analyze the
economic impacts. These rates should be phisisadd reviewed/revised to account for technical
developments.

Comparison of voting and survey outcomes

Recycled content standards only received 25% support in the survey, although an additional 25%
supported with modifications. The modifications were mainly expressing the need for further
research. The policy was opposed by 40% of members.

Advantages

Can drive a robust recycling industry by creating demand for recycled material,
particularly given the size of the EV market in California

Reduce the environmental impact of producing new EVs
Disadvantages

Manufacturing new LIBs may not be the most ecormadniise of recovered material. As
an alternative, one Advisory Group member suggested requiring minimal recovery of
battery grade materials (materials refined to a sufficient quality to manufacture LIBS)
without specifying the end use

Difficult to verify

Could artificially inflate the value of battery materials and increase cost of
manufacturing, and, ultimately, the cost of EVs

Develop a Reporting System for EV Batteries Retired from Use

The ability to track EV batteries will enable policymakers and rebees to evaluate the
effectiveness of recycling policies and identify sources of leakage from the EOL system,
particularly vehicle or battery exports. An online database should be created to track and report
LIBs that are retired within California and alsEVs that are exported from California.

Companies recycling or repurposing EV batteries within California, and companies moving EV
batteries from California for this purpose, are responsible for reporting the final recipients of the
batteries.

Reporting etired batteries and their recipients could be facilitated with a digital identifier,
aligning with traceability programs proposed by the Global Battery Alliance.

Comparison of voting and survey outcomes

This policy was supported by 45% of Advisory Granpmbers in the survey, with an additional
5% selecting support with modifications. It was opposed by 45%, with only 5% expressing no
opinion.

Advantages
Increases transparency along value chain
Facilitates evaluation and improvement of recycling policies
Disadvantages
Hazardous waste processors already have to comply with reporting requirements
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Further research on implementation and enforcement is needed

Creates administrative costs for govermtregencies to managing database and reporting
requirements for industry

Should be included as part of a comprehensive EOL strategy and not as a standalone
policy
Develop a Reporting System for Lithiiom Battery Recycling Recovery Rates

An online databasshould be created to track and report LIB recycling recovery rates.
Companies recycling batteries are responsible for reporting their total recovery rates, as well as
the recovery rates of cobalt, lithium, manganese, and nickel.

Comparison of voting angurvey outcomes

This policy was supported by 30% of Advisory Group members in the survey, with an additional
15% selecting support with modifications. It was opposed by 40%. The remaining 15%
expressed no opinion.

Advantages

Increased knowledge ofdustrial recycling capabilities

Provides empirical data to forecast circularity potential and material forecasting
Disadvantages

Additional database for government agencies to manage

Additional reporting required of LIB recyclers
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8. AREAS OF FUTURE RESEARCH

The LIB recycling and reuse industry is evolving in preparation for the influx of EV LIBs that

will reach EOL in the coming years. The development of the industry will determine the
environmentally and economically preferable EOL management strategyeabest policy
mechanisms to encourage these circular economy practices. Many of the policies recommended
by the advisory group require future research and should be updated as the industry evolves. In
addition, there were several policies discussed, ahcesommended, largely due to unknown
impacts to the nascent industry and the international market. Below, in no particular order, are
several areas the Advisory Group recommends for further research.

w

(0]
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O«

Solutions to reduce the cost of collection and trangptation: Similar to the policy
recommendation in section 6.2.3, Identify Strategies to Reduce the Burden of
Transportation, research on the technical and regulatory solutions to decreasing the cost
of transporting EOL LIBs is recommended. The cost ofspparting LIBs at their EOL is

a substantial portion of recycling costs, estimated to represent betw&6fo4@s such,
reducing transportation costs can significantly decrease the cost of EOL management
(Slattery, Dunn and Kendall, 2021)

Recycling performance targets:Performance target policies, such as minimum material
recovery rates, maximum process emissions, or-frarty verification, were not
recommended by the Advisory Group. Hesitancy about these policies usually centered
around the need for more informatidooat the impact on domestic and international
recyclers, and ensuring they are on an even playing field. In order to address this
uncertainty, research on appropriate emission levels, material recovery rates, the process
for implementation, and the impamh the global market is needed.

Feasible recycled content standards and analysis of the economic impa&gsearch
is needed to determine the level of recycled content that can be met with retired materials
and the impact to the U.S. and international biBrket.

Reevaluation of safety aspects if/as chemistry chang&he materials used in LIBs,
specifically the cathode, anode, and the electrolyte, are continuing to evolve to. As the
materials used change, the material interactions present differegtisafatds, and the
impact to the safety of recycling and reuse must continually be evaluated.

More data on the performance and safety of repurposed batterieSince the

repurposing of batteries is fairly new, the performance (i.e. lifespan, degradégioant

safety is unclear. In order to increase the public confidence and ensure this is the best use
of materials, more research should be conducted. The CEC is currently supporting
demonstration projects for this purpose (see section 2.2.).

Utilization and application of seconédife in reducing the life cycle environmental
impact: Research of the life cycle impact of repurposing LIBs, and the impact of the
application the stationary storage battery is used in on those life cycle impacts.

65



9. PuBLIC COMMENTS

The public comment period spanned from Decemb¥r 2321 to Februaryal", 2022. During

this period, 21 members of the public submitted comments on the report. Comments were
received from LIB recyclers, LIB repurposers, automobile dismantlersnabite auction
companies, environmental advocacy groups, and Universities. The full list of participants are
below:

Alliance for Automotive Innovation
Argonne National Lab

Automotive Recyclers Association

B2U Storage Solutions

Basel Action Network

Call2Recycle

Cobalt Institute

Copart

Crown Battery Manufacturing Company
10 Insurance Auto Auctions

11.Institute of Scrap Recycling Industries
12.Li-Cycle

13.LKQ Corporation

14.National Auto Auction Association

15. Redwood materials

16.ReJoule

17.Responsite Battery Coalition

18. Rice University, Baker Institute for Public Policy
19. State of California Auto Dismantlers Association
20. University of Toledo

21.World Resources Institute

©CoNoh,rwhE

Overall, the public comments expressed their support for the increased recycling blEEOL
batteries. The following paragraphs summarize comments received and discuss policies that were
mentionedn many commerst Verbatimpublic commentsre availablen the Appendix.

9.1 Defining Endof-Life Responsibility

Thecoreexchange andehiclebadstop policy proposal received written support from the
following groups:

1 Institute of Scrap Recycling Industries
1 Redwood Materials
1 World Resources Institute

Several comments expressed viewsupport oidefining EOL responsibilitgenerally, or in
support of specific EOL responsibilities

1 Crown Battery Manufacturing Company supports mandated recycling of LIBs
1 Li-Cycle supports defining responsibility for EOL management
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1 LKQ Corporation supports a mandgtdake pack program, believing it to be superior to
the vehicle backstop proposal.

9.2 Access to Battery Information

Policies enabling the sharing of information, including physical labeling, digital identifiers, and a
universal diagnostic system, recaivwritten support from the following groups:

1 Automobile Recyclers Association

1 LKQ Corporation

9 State of California Auto Dismantlers Association
1 Crown BatteryManufacturing

1 World Resources Institute

Public commergon this topicalsoprovidedthe following suggestions:

1 Noted that there are four different diagnostic tools currently in development with
different intended uses and benefits (Call2Recycle)

1 Recommend creation of a list of trusted SOH providers who can capably test batteries to
give accurate and vetted SOH information (ReJoule)

1 Recommend including instructions for battery pack and module disassembly in an
electronic information exchange (ReJoule)

1 A universal diagnostic system must avoid sharing proprietary software and battery
information as this will hinder innovation. Therefore, readable data should be limited to
fault codes and diagnostic information (Call2Recycle)

1 The benefits of physical labeling requirements will not be realized for years to come,
since cars on the road todane not labeled. An interim strategy to train parties handling
batteries on how to identify batteries will be necessary (Call2Recycle)

9.3 Circular Economy and Quality Recycling

Members of the publiexpressed their support for several of the policiesid®al inCircular
Economy and Quality Recycling categori&be following parties expressed supportdesign
for disassembly, reuse and recycling

1 Institute of Scrap Recycling
1 The Basel Action Network
1 Crown Battery

1 Rejoule

1 World Resources Institute

In addition:

1 Crown Battery Manufacturing supports the creation of a reporting system for LIB
recycling and recovery rates

1 Li-cycle expresses their commitment to ensuring recycling meets the highest
environmental standards andoports establishing recycling efficiency and material
recovery rates

1 The Basel Action Network supports the thpdrty verification of recycling.
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1 The World Resources Institute expressed support for these circular economy policies as a
whole.

9.4 Safe andtfficient Reverse Logistics

Requiring pre-approval to bid on EVsat auctionsreceiveda number of comments in
opposition, although the policy was supported by the Automotive Recyclers Association. The
following groups oppose this policy proposal:

1 Copart

9 Insurance Auto Auctions

9 National Auto Auction Association
1 Call2Recycle

Thereasons stated for opposing thiicy includel) there is already a reporting process for
wholesale auctions with the Department of Motor Vehicles (National Auto Auction ASsogi

2) insurance auctions already require an occupational or business license to purchase vehicles at
their auctions (Copart), and 3) the process will be burdensome and insurance auctions will need
to push the additional costs to policy holders (InsceaAuto Auctions).

Public commenters also made the following comments regarding reverse logistics:

1 Emphasized role of auto dismantlers and support for the DMV strike team established by
SB 266 (Auto Recyclers Association and State of California AutmBmslers
Association)

1 Supported education and safety equipment for first responders and service/repair
companies (Crown)

1 Suggested that to minimize transportation distances, the holder of the battery should be
allowed to decide whether its nedéstination should be reuse, repurposing, or recycling
(Call2Recycle)

9.5 Recommendations for further research

1 Further validation programs for reused and repurposed batteries, similar to the CEC
funded demonstrations discussed in section 2.2 of this rgpaibule)

1 Research on the impact and prevention of exporting used EVs and LIBs (Basel Action
Network)
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10.CONCLUSION

Decarbonizing transportation i s a cornerstone
At the same time, transitioning awlpm internal combustion engines to battpowered ZEVs

requires a significant increase in demand for LIBs, whose life cycle includes a suite of

environmental impacts from mining, refining, manufacturing, and disposal. The safe and
environmentally resporide management of EV LIBs at EOL is therefore essential to achieving

the Statebds climate goals sustainably and equ
their usable life, potentially reducing the need for new batteries. Repurposing batteries fo
stationary storage may further support the St
affordable form of energy storage. Ultimately, recycling will be necessary to avoid unsafe final
disposition and to recover critical materials for use in neBsldr other products. Recycling that

takes place regionally (i.e., within California or neighboring states) can best ensure processes

meet a high standard for environmental performance and worker safety, reduce unnecessary cost
and environmental impactofn transportation, and increase supply chain resilience by

maintaining control of critical materials.

As a State with ambitious climate policies and the largest automotive market in the U.S.,
California is uniquely positioned to influence the sustainghilitthe EV value chain through
leadership and proactive legislation. To assist the legislature in developing effective policy, this
report outlines the existing landscape for reuse and recycling, summarizes key barriers that
currently inhibit reuse and egcling according to a variety of stakeholders, and identifies some
opportunities and benefits that could be realized through creating robust EOL programs and
industries. Finally, we present a list of potential policies that support the goal of ensatiag th
close to 100% of LIBs are properly reused, repurposed, or recycled at EOL and identify areas
where further research is needed. This report doego the following:

Provide detailed guidance for implementation or enforcement

Provide a specificdefii t i on f or what constitutes fAprop
should be verified.

The fundamental approach of the policies in this report is to 1) clearly define responsibility for
the coordination and payment of recycling in cases where the coshisrasburden for the

owner of the vehicle and the LIB is unwanted, and 2) mitigate barriers that add cost and inhibit
the reuse and recycling of EV LIBs. Some of the key barriers addressed include captuoiig out
warranty batteries, the lack of accessmportant battery information, the burden of storing and
transporting LIBs, uncertainty regarding the cost and performance of repurposed batteries, and
the complexity of navigating universal and hazardous waste regulations. In recommending
policies, the Alvisory Group sought to understand and support the systems that already handle
EOL vehicles, including the existing auto dismantling, LIB repurposing, and LIB recycling
industries.

The most widely supported policy defining responsibility for EOL managewasthe core
exchange and vehicle backstop proposal, which allocates responsibility under three possible
retirement pathways. The majority of the Advisory Group also supported a produebatéke

policy making the vehicle OEM or repurposer responsitlehsuring proper reuse,

repurposing, or recycling at a licensed facility and at no cost to the consumer. Under either
policy, there should be a clear transfer of responsibility for EOL management when batteries are
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refurbished or repurposed. Both polgi@so require further consideration to define what
constitutes fAproper recyclingd and how it sho

Widely supported policies that address more specific barriers include labeling and digital
identifier requirements, supporting the developta#necycling facilities through incentive
packages and a guaranteed permitting timeline, supporting the enforcement of unlicensed
dismantling laws, and supporting the development of strategic collection and sorting
infrastructure to reduce transportatawsts. The Advisory Group also recommended training
programs to ensure that the people who handle EOL vehicles have the skills they need to safely
work with EVs and assist them in navigating regulatory requirements.

There are several areas where the 8ol Group recommends further research to understand

the industry as it develops, rather than proposing binding policies. This represents a departure
from EOL LIB policies from other regions, suc
sets specifi targets and mandated requirements for recycling of batteries, collection rates,
recycling recovery rates, and even recycled content standards. The Advisory Group considered,
but ultimately did not recommend, several policies that were proposed by tispédifically,

material recovery rates and recycled content requirements. While nearly half of the Advisory
Group did support these policies as a means of ensuring that critical materials are recovered and
used in battery production, others felt that thweye too prescriptive and instead recommended
establishing aspirational targets. Those who opposed these policies by and large believed that
recycled content and material recovery rates provide valuable guidelines and goals for industry
development, but nre research is required to identify feasible targets and understand their
economic impact.

This report also differs in scope compared to the proposed EU Battery Regulation, as it only
addresses EOL LIBs from passenger EVs and therefore only applies to a subset of issues related
to LIBs. This report intentionally does not address LIBs from hekty vehicles, micro

mobility, or stationary storage because the Advisory Group convened by AB 2832 is specific to
car batteries. The use of LIBs in these other applications, specificallyftargat batteries for

grid support, will increase as effortsdecarbonize continue. While many of the policies may
indirectly support the reuse and recycling of these batteries through supporting the industry in
general, it is necessary to have consistent EOL policy for LIBs used in all applications.

In addition, while policies in the two largest EV markets, the EU and China, have developed
strategic plans encompassing the entire battery life cycle, this report does not include
recommendations targeted to other activities in the value chain. Nonetheless, thencepafrta

more localized refining and cathode manufacturing capacity was emphasized throughout this
process, and the interconnection between recycling, refining, and manufacturing is something the
legislature should be aware of when drafting legislation.

To that end, the legislature should understand the contents of this report in the context of several
other aligning efforts taking place at a state, federal, and international level:

The CEC6s ongoing support for reagamr posi ng
around the performance and durability of secbiedbatteries, which will enable more
informed policy decisions regarding incenti€alifornia Energy Commission, 2021a)

The ongoing work of the Lithium Valley Commission in exploring @pgortunities of
developing a local supply hub for EV LIBs and potential impact to the local comrfunity
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CARB6s Advanced Clean Cars I I Act, which i
labeling, SOH determination, and performance and durability requireif@adtfornia
Air Resources Board, 2021a)

Support for supply chain resilience, vehicle electrification, and recycling in the Biden
Admini strationds Building Back Better agen
investment in the battery supply chairthe Infrastructure Investment and Jobs Act

(DeFazio, 2021)

Ongoing reuse and recycling projects suppo
ion Battery Recycling Priz@J.S. Department of Energy, 2021b)

Internationally, the efforts of the Global Bary Alliance to increase the transparency and
sustainability of the LIB value cha{&lobal Battery Alliance, 2021)

Throughout the process, the Advisory Group members and invited speakers emphasized that EVs
are a relatively new technology and areyeitbeing retired in California at a large scale.
Understanding, therefore, that reuse, repurposing, and recycling are still nascent industries, it is
important to emphasize that the landscape for EV EOL management is rapidly evolving, and
policymaking ained at supporting reuse, repurposing, and recycling should be iterative.

Alternative technologies that reduce the need for critical materials may be developed, however
the goals and intentions of reuse, repurposing and recycling in this report shalbagdptypes

of EV batteries. The recommendations included in this report should be revisited periodically to
assess their effectiveness and evaluate whether any changes are necessary.
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11. TERMINOLOGY

Anodei A terminal which the current flows towardstbe negative charge moves from during
discharge in a battery. The material composition of an anode is typically some porous form of
carbon and may fluctuate from battery to battery.

Battery Electric Vehicle (EV) 1 A motor vehicle that relies on an electmotor and battery
system for primary tractive power.

Battery Management System (BMS) An electronic system that manages operational
components of a rechargeable battery. This could mean managing depth of discharge, tracking
usage, controlling the envinment and other aspects of the operation.

Cathodei A terminal which the current flows from or the positive charge moves from during
discharge in a battery. The energy density of a battery is typically determined by the material of
the cathode; thus, thepology of Liion batteries refers to the cathode chemistry.

Collection rate -- Proportion of EOL products that are collected and enter the recycling chain

Direct cathode recycling- Also referred to as refunctionalization. A recycling method where
cathodematerials are recovered as a pure compound that can be directly used as an input into
battery manufacturing, avoiding the need for refining of materials and resynthesis of cathode
compounds.

End-of-life recycling rate -- Proportion of all EOL product matel that is recovered by
recycling; dependent on both process efficiency and collection rate.

Gigawatt hour (GWh) i A unit of energy. 1 GWh is equivalent to the energy consumption of
32,800 houses for one day (2018, USA average household).

Hydrometallurgi cal-- Chemical treatment of a material to separate it into constituent materials.

Lithium -ion Battery (LIB) i A battery with a cathode containing lithium. Generally, these
batteries are known for being lightweight and eneaiggse.

Pyrometallurgical-- Thermal treatment of a material to separate it into constituent materials,
requiring heating above thmelting point of the material.

Recovery rate/process efficiency rate- The output of a specific material in usable form as a
percentage of total input of that material

Recycled content-Fr acti on of a product 6s mawoppdseddot ur i ng
virgin material.

Recycling facility -- A facility which recycles lithiurdon batteries and is therefore considered a
hazardous waste processor.

Recycling rate-- The percentage of batteries reaching their EOL that are recycled.

Refurbishing: i Mdification of an object that is waste or a product to increase or restore its
performance and/or functionality or to meet applicable technical standards or regulatory
requirements, with the result of making a fully functional product to be used for @spuiat is

at | east the one t QUAIEP andaPanelp2018)gi nal ly i ntended
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Remanufacturing: AA standardized industrial procetigat takes place within industrial or

factory settings, in which cores are restored to originaleas condition and p&rmance or

better. The remanufacturing process is in line with specific technical specifications, including
engineering, quality, and testing standards, and typically yields fully warranted products. Firms
that provide remanufacturing services to restm@d goods to original working condition are
considered producer s(UNBP and @anal,20l8)act ur ed goods.

Repurposing-- Configuring used batteries into systems to be utilized in a different application,
most commonly stationary storage. Alederred to as 2nd life or battery second use.

Reuse Batteries from a retired vehicle are reused in another vehicle.

Secondlife i Use of a degraded electric vehicle battery in a stationary, secondary application,
usually referring to a system where tladtbry pack has been removed from the vehicle after
some years of service in a traction application.

Sorting facility -- A facility which tests and sorts LIBs based on their capability to be reused,
repurposed, or remanufactured and then directs theibattertbe before being sent to either
repurposing, reusing, remanufacturing or recycling.

Transition metal -- A classification of elements indicative of metals that are harder and less
reactive than alkaline earth metals.
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APPENDIX: ADVISORY GROUP VOTING OUTCOMES AND

SURVEY RESULTS

Table Al: Voting outcomes foDec 7, 2021 and levels of support for supporting policy

proposals

Policy Proposal In Favor | Opposed | Abstain | Percent in
Favor

Identify strategies to reduce the burden of 15 0 0 100%
transportation
Universal waste interpretation 15 0 0 100%
Physical Labeling Requirement 14 0 1 93%
Develop training materials 14 0 1 93%
Develop strategic collection and sorting 14 0 1 93%
infrastructure
Electronic Information Exchange 13 0 2 87%
Supportenforcement of unlicensed 13 1 1 87%
dismantling laws
Economic incentive package provided to 11 1 3 73%
lithium-ion battery recyclers within
California
Expand eligibility for relevant incentive 10 1 4 67%
programs to include reused and repurpose
batteries
Establish a timeline for hazardous waste 9 0 6 60%
processing permit
Require preapproval to bid on EVs at 9 2 4 60%
auctions
Universal Diagnostic System 8 4 3 53%
Minimum material recovery rates 7 6 2 47%
Recycled content standards 7 7 1 47%
Third-party Verification 6 7 2 40%
Design for reuse, repurposing and recyclin 5 6 4 33%
Develop a reporting system for EV batterie 5 6 4 33%
retired from use
Develop a reporting system for lithiuion 5 5 5 33%
battery recycling recovery rates
Economic incentive package to encourage 3 3 9 20%
disassembly within California

82



Table A2: Full voting record of Advisory Group members. F = In Favor, O = Opposed, A = Abstain, R = Recused, X = Absent.
Legend for column titles: SA Recycling LLC: SA; Alliance for Automotive Innovation: AAl; Umicore USA: UMI; KBI: KBI; Honda
Trading America: HO; @EPA: CEPA; Ford Motor Company: FM; The Rechargeable Battery Association:JR&ijnable Energy
Solutions SES Earthworks: EW; Californians Against Waste: CAW; Southern California Association of Governments: SCA, Tesla
inc: TES; HHW at large: HHW; Sulys Service: SS; California Energy Commission: CEC; CalRecycle: CR; California New Car
Dealers Association: CND; Department of Toxic Substances Control: DTSC

Organization SA |AAl |UMI |[KBI [HO |CEPA |FM |PRB |[SESEW |CAW |SCA|TES|HHW |SS|CEC|CR |CND |[DTSC

Coreexchange and [F |F F F |F R F |F F F |F F A |F F IR R |F R
vehicle backstop

Producer takévack |F |O F F |0 |R O |F F |F |F F |F |F OR R |A R
with no companion
legislation

Producer takévack |O |O O |0 |0 |R F O |O |[F |O F |A |F O R R |O R
with companion
legislation

Environrmental |O [O |A |O |O |R |0 |F |[F [F |[F |O |F F IR IR |JA |R
handling fee appliec
at the time of
purchase




Organization

SA

AAI

UMI

KBI

HO

CEPA

FM

PRB

SES

EW

CAW

SCA

TES

HHW

SS

CEC

CR

CND

DTSC

Environmental
handling fee
gathered through
vehicle registration
fee

Environmental
handling registratior
fee splitbetween EV,
owner and
manufacturer

Physical Labeling
Requirement

F

Electronic
Information
Exchange

Universal Diagnostif
System

F
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Organization

SA

AAI

UMI

KBI

HO

CEPA

FM

PRB

SES

EW

CAW

SCA

TES

HHW

SS

CEC

CR

CND

DTSC

Economic incentive
package provided tc
LIB recyclers within
California

O

Economic incentive
package to
encourage
disassembly within
California

O

Establish a timeline
for hazardous waste
processing permit

F

Expand eligibility fof
relevant incentive
programs

F

Minimum material
recovery rates

O
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Organization

SA

AAI

UMI

KBI

HO

CEPA

FM

PRB

SES

EW

CAW

SCA

TES

HHW

SS

CEC

CR

CND

DTSC

Design for reuse,
repurposing and
recycling

O

Third-party
Verification

Support enforcemer
of unlicensed
dismantling laws

F

Developtraining
materials

F

Identify strategies tq
reduce the burden ¢
transportation

F

Develop strategic
collection and
sorting infrastructure

F

Universal waste
interpretation
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Organization

SA

AAI

UMI

KBI

HO

CEPA

FM

PRB

SES

EW

CAW

SCA

TES

HHW

SS

CEC

CR

CND

DTSC

Recycled content
standards

O

Develop a reporting
system for EV
batteries retired fron
use

A

Develop areporting
system for lithium
ion battery recycling
recovery rates

O

Require preapproval
to bid on EVs at
auctions

F
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Table A3: Survey resulfs

Policy Strongly | Oppose| No Support with | Support | Strongly
Oppose opinion | modifications support

Producer takéack (returning the battery to the auto 3 4 5 2 3 3

manufacturer at endf-life is required)

Producetakeback (returning the battery to the auto 1 4 7 1 4 2

manufacturer at EOL is optional)

Core exchange and unwanted vehicle backstop propog 1 1 7 2 7 2

Environmental handling fee used to finance an EOL 6 1 7 1 2 3

management program

Addedelectric vehicle registration fee to finance an EOl 3 3 7 1 2 4

management program

A yearly fee split between the auto manufacturer and th 4 3 5 0 3 5

EV owner at vehicle registration

Define the current owner as the responsible party for E| 6 8 1 1 2 2

management

Physical labeling requirement 0 0 1 1 5 13

Electronic information exchange (i.e. QR code with onli O 0 2 1 10 7

database)

Universal diagnostic system 3 2 3 0 5 7

6 The survey results include those from Occupational Knowledge International, which was a member of the Advisory Group 8nf#DRb.
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Policy Strongly | Oppose| No Support with | Support | Strongly
Oppose opinion | modifications support

SOH data made accessible to third parties without 1 2 4 5 2 4

specifying the mechanism

Establish a timeline for hazardous waste processing peg 1 1 6 4 4 4

Economic incentive package provided to lithion 2 0 3 1 8 6

battery recyclers

Expand eligibility for relevant incentive programs to 1 2 5 4 2 6

include repurposed and reused batteries

Incentivize a disassembly industry within California 2 1 6 0 6 5

Minimum material recovery rates 5 2 2 0 4 7

Third-party verification 3 1 6 1 4 5

Develop a reporting system for lithivion batteries retired 2 7 1 1 6 3

from use / exported batteries

Develop a reporting system for lithivion battery 2 6 3 3 5 1

recycling recovery rates

Recycled content standards 4 4 2 5 2 3

Design for repurposing, reuse, and recycling 3 2 3 1 4 7

Develop training materials to address knowledge and | O 1 1 1 9 8

capacity gaps

Support enforcement of unlicensed dismantling laws | O 1 1 0 4 14
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Policy Strongly | Oppose| No Support with | Support | Strongly
Oppose opinion | modifications support
Require preapproval to bid on EVs at auctions 1 1 7 2 3 6
Interpretation of universal wastegulations 0 0 3 5 4 8
Develop strategic collection and sorting infrastructure | 2 2 4 1 7 4
Identify strategies to reduce the burden of transportatio 0 0 3 4 9 4
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APPENDIX: PUBLIC COMMENTS

The following section includes letters from the public received during the public comment
period. The title of the subsection representsrbgtutionthe letter was received from.

ALLIANCE FOR AUTOMOTIVE INNOVATION

Page| Section Comment

5 Executive 6Add nat t-ofrlei fLd Btos telmel endo o
summary,
Conclusion

11 1.4.3: Lithium |6 Add t he following sentence:
setting up agreements to obt g

11 1.4.2: Lithium |6 Consi der modi fying this sent
refining or cathode production capacity in the United States, aut(
manufacturers are beginning to develop partnerships to make cg

mat erial domestically. "6

13 2.1.2:0utside |6 Thi s doesn't seem accur at e.

the origind to a dismantler, who would then be responsible for sending the
equipment battery to a sorting, repurposing or battery recycling facility, not 4
manufacturer | scrap metal recycte

network

Recommend replacing Sscrap me

13 22:Reuseand 6 Recommend replacing text wit
Repurposing | considered in a secondary use application."

The number is high, as the reference cited st@as finding show
that defining battery retirement at-80% remaining capacity is
inaccurate." Some consumers will drive an EV battery at 60%
capacity or lower when deciding between the expense of a new
battery or new vehicle versus the range of theistimg vehicle.
Additionally, lower capacity batteries in the future may still meet
needs of the driver. o

41 4.3.1: 0 d e this g0 ¢he sentence reads: "A clesmap LIB supply chain
Opportunities | consists of used batteries sent to reccyling to recover materials,
and Benefits | which are refined and returned to the battery supply chain to
manufacture the precursors and cathode materials used to

A

manufactr e batteries. "o




Page| Section Comment

45 6.1.1: Core 0lt's not feasible, from a ti
exchange and | out of the vehicle to be properly recycled, refurbished, etc. befor
vehicle replacement battery can be given. Suggdeahging the text to "The
backstop vehicle OEM, battery aftermarket sales, or battery refurbisher
policy requires assurance that the repair shop removing the battery wil

properly recycle, refurbish, or put it into a Reehicle secondary us
mar ket . "0

45 6.1.1: Core Add a bullet for "Incentivizes design for recycling and disassemb
exchange and
vehicle
backstop
policy

46 6.1.1: Core 0This isn't the intent of the
exchange and | for a conplete vehicle, not individual batteries. Recommend
vehicle deleting this, or at least changing "LIBs" to "complete vehicles"
backstop
policy
(disadvantages

46 6.1.1: Core 60Modify to "Could result in i
exchange and | higher prices for the consumer and negatively impact EV
vehicle penetration. "6
backstop
policy
(disadvantages

46 6.1.1: Core Add "and the OEM's assets are not purchased by another entity’
exchange and
vehicle
backstop
policy
(disadvantages

47 6.1.2: Producel 6 Mo di fy t o tomanofacerrarsesutingdanchigtter price
takeback to the consumer and negati vel
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ARGONNE NATIONAL LAB
Dear CalEPA,

The Advisory Group Report is excellent, thoughtful, and thorough. It clearly explains some
important subtleties often overlooked by less astute commentators. | just have a few relatively
minor comments, in no particular order.

1.

| question the cited operatial capacity of hydrometallurgical recycling in North

America (p.20).1t is my understanding that several of the facilities mentioned produce
black mass and do not perform the hydrometallurgical step (or not yet). Links 63, 64, 65
di dndt wor kdndtind supperting informatiom for those numbers on the
company sites.

Transportation costs could be reduced by preprocessing EOL batteries locally to make
them norhazardous, either by disassembly/shredding, or by more elegant techniques
under developmnt.

The net cost of recycling can also be reduced through process R&D, such as that ReCell

is doing.

It would be more accurate to say fAthe ReCe
is |l eading research and devedopemmmarnt , 06 si nc
partnerso6 facilities. (p.20)

Exports of used EVs and precursors were mentioned; it should be clear that used batteries
and black mass are also leaking out via export. The proposed regulations require that the
EOL material be destined for reusierecycling, but there is no requirement that this be

in the US. |1 06m guessing that was considere
The document does not consider manufacturing scrap, probably by design, but scrap is

also being exported in large quam#j and may not be getting recycled in the most

efficient ways. Since some scrap is rejected cells, it might be worth including with EOL
batteries.

Great job; the report will be a good reference and contribute to sound policy decisions.

Sincerely,
Linda Ganes, Ph.D.

93



AUTOMOTIVE RECYCLERS ASSOCIATION

To Whom It May Concern at the California Environmental Protection Agency and Lithium
ion Car Battery Recycling Advisory Group:

The Automotive Recyclers Association (ARA) and the California Auto Dismantkcgdrers
Alliance (CADRA) appreciates the opportunity to submit the following comments for
consideration by the California Environmental Protection Agency (CalEPA) and the Likium
Car Battery Recycling Group (Advisory Group) to assist in the develdpoi@olicy
recommendations that will help ensure that as close to 100 percent of igmwmahicle
batteriesn California are reused or recycled at their-efdife.” ARA and CADRA encourages
CalEPAand the Advisory Group to incorporate flodowing recommendations and policies into
their finalrepot® to the California legislature.

't must be noted that as p abuidingpériodtirorghdud vi sor vy
20192020° ARA was invited by the Advisory Group to give a pres¢ion on electric vehicle
dismantling°Also, automotive recyclers are defined as automobile dismantlers under Cal.

Veh.Code § 220

The automotive recycling industry has long played a pivotal role in the American supply chain
and supported the U.@ar efforts during World War | and World War Il. During batforld

Wars, automotive recyclers provided U.S. manufacturers with readily available scrafronetal
motor vehicles and also served as a primary source for replacement motor pattscl&wenty

one years later, World War Il broke out and automotive recyclers were oncealiginupon to
provide manufacturers with readily available scrap metal and replacement vehiclé Nats.

only did automotive recyclers provide the U.S. war effort witicimneeded resourcdsjt
automotive recyclers provided much needed replacement vehicle parts to citizens at the home
front. The automotive recycling industry has long been at the forefront of reusing,
repurposingand recycling motor vehicles.

Since 1943, ARA has represented professional automotive recyiefsssional automotive
recycling facilities play an important role in the vehicle repair market by providing vehicle
ownerswith costeffective alternatives to the more expensive new aigequipment
manufacture(OEM) replacement parts. Professional automotive recyclers supply {ROE)
Recycled Original Equipmernnotor vehicle replacement parts to consumers around the world.
In many cases, automotive recyclers are the only source foceeptat vehicle parts.

In addition to the critical role professional automotive recyclers play in the automotive supply
chain and replacement parts market, professional automotive recyclers play a valuable role in the
efficient andenvironmentally friendly recycling of Eraff-Life (EOL) vehicles. Professional
automotive recyclers are the largest collective owners of EOL vehicles and are subsequently the

" Cal. Pub. Resources Code § 42450.5(c).
8
Id.
9 Lithium-ion Car Battery Recycling Advisory Group, Draft Report 12/13/2021, 1 (December 13,
2021). https://calepa.ca.gov/wpontent/uploads/sites/6/2021/12/Fuiaaft-Policy-Recommendationkithium-ion-
Car BatteryRecyclingAdvisory-GroupAB-2832As-0f-12-13-21-for-public-comment. pdf
10
Id. at 26.
11 Automotive Recyclers of Minnesota, Remember Whreip.//www.autorecyclersmn.net/remember.html|
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largest generator of source material for scrap metal procédgaromotive regcling preserves
natural resources, reduces the demand for scarce landfill space, and plays an important role
in reducing air and water pollutionA study conducted by the Worcester Polytechnic Institute

in Massachusetts found that automotive recycletsanstate help to drive a circular economy in
auto manufacturing and that the automotive recycling industry has a negative carbon footprint

[. Summary

ARA and CADRA commends the California State L
2832,which established the Advisory Group for the purpose of developing policy
recommendation8s ai med at ensuring that as <chlomse to 10
vehicle batteries in th&tate are reused or recycled at-efdife in a safe and cosffective

ma n n* WhileLithiumion Battery (LIB) powered Electric Vehicles (EVs) are only a small
percentage of the total vehidleet in California and nationwide, as these EVs become a larger
percentage of the total vehidleet, automobile dismantlers Wbdecome the largest collective

owners of EOL electric vehiclemnd lithiumion batteries. Automobile dismantlers are already

the largest collective owners of EQiternal combustion engine vehicles and are the primary

facilitator for reusing and recyclingOL vehiclesTherefore, it stands to reason that

automobile dismantlers will be a key party withihe EV and LIB lifecycle and will be a

primary facilitator for the reuse, repurposing, andecycling of LIBs.

ARA and CADRA recommends that the Advisoryo@p include in its final report the following
recommendations: (1) recognize the importance of automobile dismantlers and their ability to
assist California in meeting its reuse and recycling goals for LIBs; (2) include in its final report a
hierarchy describing the preferred highest and best use for LIBs so that it is clear how California
can successfully decarbonize transportation and mitigate climate change; (3) CalEPA and the
Advisory Group should consider a policy proposal that combhee€obre Exchange and Vehicle
Backstop polig!® and the Producer Takmck policy*®and (4) ARA and CADRA respectfully
requests that should the Advisory Group reconvene, ARA and CARRZnsidered as a
stakeholder within the group

[I. Automobile dismantlers are essential in assisting California reach its goal for having 100
percent of lithium ion batteries derived from endof-life vehicles reused and recycled.

For California to achieve its goal of reaching 100 percent recycling or reuse of LIBs, the
Legislature must understand the special role of automobile dismantlers in processing EOL
vehicles. Professional automobile dismantlers are a first line of defense for protecting
theenvironment. As soon as professional automobile dismantlers receive velaohes|

1220 Auto Recycling Facts and Figuréstps://www.thebalancesmb.com/augzyclingfactsandfigures

2877933

13 Muhammad Siddiq et al., Assessing the Environmental Impact of Automotive Recyclers of Massachusetts, i,
(April 27, 2017).http://armmass.com/wpontent/uploads/2017/10/Ffitudy.pdf

4 panle, B. Assembly Bill 2832: Recycling: Lithivton Vehicle Batteris: Advisory Group; California

Assembly, 2018.https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill_id=201720180AB2832

15 ithium-ion Car Battery Recycling Advisory Group, Draft Report 12/13/2021484(December 13,

2021). https://calepaa.gov/wpcontent/uploads/sites/6/2021/12/Fifaft-Policy-Recommendationkithium-ion-
Car BatteryRecyclingAdvisory-GroupAB-2832As-0f-12-13-21-for-public-:comment. pdf

181d. at 4647.
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staffremove fluids and conduct a thorough depollution process on each vehicle. Depollution
processes are conducted in strict compliance with federal, state, and local laws and regulations.

Automobile dismantlers provide cestfective solutiongor vehicle repairs by providing vehicle
owners and vehicle repairers with (RGEg¢cycled Original Equipmerdutomotive parts. After
vehicles have been processed and (RR&jycled Original Equipmergarts have been

extracted, the remaining vehicle hugkcrushed and sent to a facility for shredding and metal
reclamation. At the shredder, metals such as steel, aluminum, and eventually copper are broken
down and sent to mills to be recycled. These recycled materials are eventually reused in
manufacturingand help minimize the need for mining and the resulting pollution including
greenhouse gases. For example, the automotive recycling industry provides enough steel to
produce roughly 13 million new vehicles annudtyAutomobile dismantlers arecaitical

component in creating a circular and environmentally friendly economy.

As the primary recipient and purchaser of EOL electric vehicles, automobile dismantlers are in
aposition where they possess enormous quantities of readily available EVIhi&se

electricvehicle batteries can be put to their highest and best use by serving as replacements for
vehicleswith damaged batterieAutomobile dismantlers are essential in assisting California

meet its reusand recycling goals for LIBs because autdmite dismantlers are: (1) the largest
collective owner®f EOL vehicles; (2) becoming familiar with emerging technology related to
dismantling highvoltage vehicles; (3) have existing logistical infrastructure throughout the state
of California thatwill assist in reducing LIB transportation costs; and (4) experts in restoring an
EOL vehicle andts components to its highest and best use.

a. Automobile dismantlers are the largest collective owners of eraff-life vehicles.

According to the Argonne Natiohbaboratory, between 10 and 15 million EOL vehicles

areretired from service each year and enter the domestic recycling infrastrifoueof the 10

to 15 million EOL vehicles retired each year, a substantial majority of those vehicles go to
automobied i smant !l er s. For example, ARAOGs | argest
EOL vehicles annually® Automobile dismantlers are the largest collective owners of EOL

vehicles and will beéhe largest industry coming into possession of EOL electric shamd
consequently LIBs. As an industry, automobile dismantlers are will be the main facilitator and
sorting mechanism fdrIBs to be reused and recycled.

i. Automobile dismantlers acquire endof-life vehicles from many sources besides insurance
auctions like Copart and IAA.

Automobile dismantlers in California (and nationally) acquire EOL vehicles from many sources
besides Copart and IAA. Consequently, automobile dismantlers have a broadly established
network from which they acquire inventory in tleem of EOL vehicles, which may contain

LIBs. Automobile dismantlers commonly acquire EOL vehicles from insurance auctions,

1720 Auto Recycling Facts and Figuréstps://www.thebalancesmlmim/auterecyclingfactsandfigures
2877933

8 B.J. Jody et al., Endf-Life Vehicle Recycling: State of the Art of Resource Recovery from Shredder
Residue,ArgonneNational Laboratory, Energy Systems Division, 1, (September 2010).
https://publications.anl.gov/anlpubs/2011/02/69114.pdf

19 LKQ Corporation, 2020 Sustainability Report, 7,
https://s24.94cdn.com/628382107/files/doc_downloads/4833 -BK&ainabilityReport040921v2.pdf
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charities, statand municipal abandoned vehicle programs, tow operators, and private

individuals. Therefore, nainly are automobd dismantlers the most logical party to dismantle

and process EOL electnehicles but they will be the central party collecting LIBs from EVs
because of their establishece t wor ks. Automobile dismantl ersbo
should be leveragesb thatLIBsar e not fAunsafely accumul ated, i

bY

improperly managed domestically aacb r o*a d . 0

To ensure that EOL electric vehicles are safely collected and result in LIBs being reused or
recycled, EOL electric vehicles need to be pesed by automobile dismantlers that are licensed
and equipped to safely handle, remove, and process LIBs. ARA and CADRA recommends
enacting policies limiting the processing of EOL electric vehicles to licensed dismantlers who
havebeen trained and certfil to safely handle electric vehicles containing high voltage
batteries. ARAand CADRA applauds the Advisory Group for recommending that dismantlers
become pre approved to purchase EVs at automotive auttidhsse policies will help

promote reuse anecycling of EV batteries and should be expanded to take into account EOL
electric vehicles soltb and through charities, abandoned vehicle programs, and tow operators
when acquiring andelling EOL electric vehicles. The Advisory Group should consider
recmmmending that vehiclielentification numbers be applied to EV battery units to reduce thetft,
which will encourage safgrocessing of EV batteries.

b. The Automotive Recyclers Association has been educating automobile dismantlerstha
emerging technolog related to dismantling electric and hybrid vehicles.

ARA and CADRA recognizes that while fideal er sh

industriesarewelt st abl i shedé the facilities for coll ec
disassembling f r om pack to module) | arge format LI Bs:
beginningtoreachermif | i f e at % Evgnhiodgh theanfrastrustureafdr e . 0

managing EOL vehicle batteriesin its infancy, automobile dismantlers havereéeveloping
resources and training that walllow for the safe removal, handling, and reuse of EV batteries.
ARA has been working to develop partnerships and relationships within the entire EV battery
recycling space over the last several years.

In theabsence of a formalized training program provided by vehicle manufacturers, ARA
hasendeavored to collect safety information to create a training program that is freely
accessible tall automobile dismantlersARA and its certification committee hagen helping
automobiledismantlers learn more about processing EVs through the publication of training
modules and aRlectric and Hybrid Vehicle Technology Training Guide (Appendix). ARA has
also developed and provides to automobile dismantlers an Edirfeea Checklist® Hybrid and
Electric HighVoltage Vehicle Handling and Dismantling Proto&bind an EV Battery Data

20| jthium-ion Car Battery Recycling Advisory Group, Draft Report 12/13/2021, 43, (December 13,

2021). https://calepa.ca.gov/wpontent/uploads/sites/6/2021/12/Fifidaft-Policy-Recommendationkithium-ion-
Car BatteryRecyclingAdvisoryGroupAB-2832As-0f-12-13-21-for-public-comment. pdf

211d. at 55.

221d. at 13.

23 Automotive Recyclers Association University, EV Readiness Checklist,
https://img1.wsimg.com/blobby/go/ce5f5a84e149a28823
f959ad0cdb84/downloads/EV%20Readiness@2BCKLIST.pdf?ver=1643919686139

24 Automotive Recyclers Association University, Hybrid and Electric High Voltage Vehicle Handling

and Dismantling Protocolhttps://imgl.wsimg.com/blobby/go/ce5f5a84e149a28823
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Base?®The EV Battery Data Base contains access to information for 1650 models from 65
manufacturers specifto over 7,70@lifferent high voltage batteries.

ARAG6s resources on EV processing are designed
aboutelectric and hybrid vehicles and the issues and safety risks associated with processing
themARAGs EIl ectr i c annblogy@uide does not eeplacectHe eeedfarc h
proper training and does not serve as a subst
information priorto carrying out EV processing. In addition to resources developed by the
automobile dismantlinghdustry,vehicle manufacturers and battery manufacturers will have to

support LIB reuse ankcycling efforts through transparent data practi8&A encourages
manufacturers and othestakeholders to contribute to this training and certification program

that provides necessainformation for the proper handling and storage of LIBs

c. Automobile dismantlers have existing logistical infrastructure that will assist ireducing
LIB transportation costs.

Despite EV batteries and their market for reuse and liagyleeing in its infancy,
automobiledismantlers have existing capacity to assist in reducing the transportation costs
associated witimoving LIBs. As the Advisory Group correctly identifies, the cost of
transportation for LIBs is currently a major barriksincentivizing the reuse and recycling of
EOL batterieg® The AdvisoryGroup found that current transportation costs contribute-8040
percent of the overall cost oécycling?’ The high cost of shipping LIBs are a result of the
currentregulatory environmenwhere the Department of Transportation classifies LIB shipments
as Cl ass 9 (hazhidossanatkridfanrihe comisg years, as LIB powered vehicles
are increasingly retired, tliemand and need to casftectively transpad LIBs will become
necessary and will likely resut a reduction in transportation costs due to free market
principles.

Experts have identified that the best way to reduce transportation costs is to minimize transport
distance?® Automobile dismantler have an existing network that will minimize the distance

EV batteries will need to be transported, which will make reuse and recycling more financially
viable.Unlike a theoretical model that would only permit a few select entities to take possession
of EOL electric vehicles, professional automobile dismantlers can already be found in every city.
Many leading automobile dismantlers are currently participating in regional trading groups with
well established transportation hubs and routes. When eledhida®reach their EOL,

f959ad0cdb84/downloads/Hybrid%20and%RfEic%20High%20Voltage%20Vehicle%20Handl.pdf?ver=164391
9686139

25 Automotive Recyclers Association University, EV Battery Datablagps://arauniversity.org/resources/ev
batterydatabase/

26 | jthium-ion Car Battery Recycling Advisory Group, Draft Re{pb2/13/2021, 3681, (December 13,

2021). https://calepa.ca.gov/wpontent/uploads/sites/6/2021/12/Fuiaaft-Policy-Recommendationkithium-ion-
Car BatteryRecyclingAdvisory-GroupAB-2832As-0f-12-13-21-for-public-comment. pdf

27 .

28 Slattery, M.;Dunn, J.; Kendall, A. Transporattion of Electric Vehicle Lithilom Batteries at Enaf-Life:

A Literature Review. Resour. Conserv. Recycl. 2021.
https://www.sciencedirect.com/science/article/pii/S0921344921003645

294,
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transportatiorcosts can be greatly reduced due to the fact that an automobile dismantler is
geographically closby.

d. Automobile dismantlers are experts in restoring an engf-life vehicle and its
components to its highest and ést use.

Every year, automobile dismantlers in California process an estimated 840,000 of approximately
1.2 million vehicles that reach EOL each y&aAutomobile dismantlers are the only industry

that takes millions of vehicles each year determine what makes the most economic sense for
eachvehicle. This analysis identifies how to put EOL vehicle parts to their highest and best use
whether that part is best used as a replacement part for a motor vehicle repair or if it has no
economic vala.

[ll. The Lithium -ion Car Battery Recycling Advisory Group should create a hierarchy
describing the preferred highest and best use for lithiumon batteries so that it isclear how
California can successfully decarbonize transportation and mitigatelimate change.

The Advisory Group correctly identifies that EOL vehicle batteries should be reused, repurposed,
and recycled. By reusing, repurposing, and recycling EOL vehicle batteries, California can
reduce the carbon footprint associated with the maturaof LIBs and create a more circular
economy.

To best assist the California Legislature with its work in creating policy that will bring the state
close to 100 percent of LIBs reused or recycled, the Advisory Group should clearly state (in
orderof priority) the most preferred journey an EOL battery takdSOL vehicle batteries are
goingto be reused and repurposed, there needs to be sufficient data access to battery
information. TheAdvisory Group correctly identifies several policy proposals trehacessary

to support EOLbattery reuse. The most important policy proposals are physical labeling
requirements, digitatlentifiers, and universal diagnostic systeth&ithout access to battery
information, the onlfEOL conclusion for E\batteries will be shredding and reclamation of
materials.

The Advisory Group should also consider recommending that EV batteries be marked with
avehicle identification number which will promote reuse by tying a battery unit to a specific
makeand model ghicle. This will support both the labeling and digital identifier policies.

In order of best environmental outcome to least, LIBs from EOL vehicles ideally will be: (1)
reusedas originally intended and unmodified; (2) repaired or reconditioned fonatigguse; (3)
repurposed for secondary applications; (4) recovered for raw materials for manufacturing; and
(5) disposal. By knowing the preferred highest and best use for LIBs, policymakers will be able
to make better decisions that will lead to a suttsahmajority of LIBs being reused or recycled.

a. Reused as originally intended and unmodified

As the primary recipient and purchaser of-efdife electric vehicles, automobiismantlers
are in a position where they possess enormous quantitieadlyravailable electrieehicle
batteries. These electric vehicle batteries can be put to their highest and best use bgsserving

30 | ithium-ion Car Battery Recycling Advisory Group, Draft Report 12/13/2021, 31, (December 13,
2021). https://calepa.ca.gov/wpontent/uploads/sites/6/2021/12/Fifaft-Policy-Recommendationkithium-ion-
Car BatteryRecyclingAdvisory-GroupAB-2832As-0f-12-13-21-for-public-:comment. pdf

311d. at 4748.
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replacements for vehicles with damaged batteries. The need for replacement electric
vehiclebatteries will become ever maraportant as the global supply chain sees increased
demand foelectric vehicle batteries and the materials needed in their manufadtarefore,
automobiledismantlers have the largest readily available supply of electric vehicle batteries
that can beusedas vehicle replacement parts, which can help insulate the U.S. from market
volatility as it relates to the supply of electric vehicle batteries, their materials and
components

The best and highest use for an EOL electric vehicle battery is foatieeybto be unmodified

and to be used as a replacement part in vehicle repairs. This scenario requires the lowest level of
energy output and also reduces the need for newly manufactured battery units while keeping

EOL batteries out of landfill. The Advisoy Gr oup6s policies on physic
digitalcé(‘éientifiers, and universal diagnostic systems are all necessary if EOL batteries are to be
reused’

b. Repaired and reconditioned for original reuse

The seconbest use for EV batteries isreuse them as a vehicle replacement part after

beingr epai red or reconditioned. In cases where a
repaired or reconditioned prior to reuse in a vehicle, access to battery information is required.

Access tdatery information must exist if EOL batteries are to be repaired and reconditioned for

its original reuse. Depending upon the extent of the cost to restore the battery to full

functionality, either repair for original use or repurposing for secondary apphs may be a

bestcase alternative for reuse.

c. Repurposed for secondary applications

Automobile dismantlers are also a primary provider of electric vehicle batteries for

applicationsother than vehicle repairs. The American management consultimgMicKinsey &

Company definesecondlife batteries as electric vehicle batteries that no longer meet electric

vehicle performance standards but that can be reused in stationary energy storage

applicationss uch as mai nt ai nreliabijty & lowucosti|Eliedtriy \@lsiclep o we r
batteries that aneo longer effective enough to serve as vehicle replacement parts can still serve

as strategically mport ant power storage devices helping
critical infrastructure.

d. Recovered for raw materials for manufacturing

Lastly, as the largest owner of readily available electric vehicle batteries, autothsiméntlers

are a critical source of supply for the metal recycling industry. According logtieite of

Scrap Recycling Industries, Inc., scrap metal recyclers shred approximately 365,000 metric tons
of automobile scrap per dayherefore, the scrap metal recycling industry heaeligs on the
automobile dismantling industry to supply ewidlife vehicles for processing intaw materials.

As the U.S. becomes ever more reliant on electric vehicle batteries and therarrieralls

contained in lithiurAon batteries, the U.S. supply chain will depend upon the reclanwdtibe

raw materials contaed in electric vehicle batteries that cannot be repurp&aeckently,

32 |d. at 4748.

33 Engel, Hertzke, Siccardo, Secehife EV Batteries: The Newest Value Pool in Energy Storage, McKinsey
& Company (April 30, 2019https://www.mckinsey.com/industries/automotizedasserbly/our-insights/second
life-ev-batteriesthe-newestvalue-pootin-energystorage
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traditionalmetal shredding facilities are unequipped to handle and recover the volatile
chemicalcomponents of EV batteries and LIBs.

e.Disposal

In cases where EOL electric vehitlatteries have no value to be reused, repurposed, or
recycled, there needs to be an outlet for these batteries to be collected and recycled. Efforts
should be taken to ensure that these batteries do not end up in landfill and that the critical
materials ge recovered.

IV. The Advisory Group should consider a policy proposal that combines the benefits
of the Core Exchange and Vehicle Backstop policy and the safeguard provided by the
Producer Take-back policy.

If California hopes to come close to its goaikeaching 100 percent of possible LIBs being
reusedor recycledCalEPA and the Advisory Group should consider a policy proposal that
combinesthe Core Exchange and Vehicle Backstop pofitand the Producer Takéack

policy.® This proposal wouldake all the benefits of the Core Exchange and Vehicle Backstop
policy, whereexisting industry practice is applied to EOL batteries but would protect the public
and theenvironment from batteries being abandoned. In almost all cases, EV batteries should b
reused, repurposed, and recycled. The Core Exchange and Vehicle Backstop Policy will
encourage EONehicle batteries to be put to their highest and best use. However, there will be
limited situationsvhere an EOL vehicle battery will have no economiaigailvhich will create

the potential for thabattery to fall out of the ordinary established recycling industry. Battery
manufacturers and vehiaeanufacturers need to provide a limited program that ensures that
EOL vehicle batteries with nealue can beollected and safely disposediohot unlike the

National Vehicle Mercury SwitcRecovery Prograrif By adding a limited producer takmck
policy to the Core Exchange aWeéhicle Backstop policy, battery manufacturers and vehicle
manufacturers will be incentivized toanufacture batteries that can be reused or recycled.

V. The Automotive Recyclers Association and the California Auto Dismantlers and
Recyclers Association respectfully requests that should the Advisory Groupconvere, that
the Automotive Recyclers Association or one of its affiliates bmnsidered as a
stakeholder.

As the voice of the professional automotive recycling industry since 1943, ARA and CADRA

thanks the Advisory Group for allowing ARA to provide input avalld like to be considered

as a stakeholder on any future advisory group meetings. AB 2832, which was the law responsible
fort he creation of the Advisory Group, requires
organizatiorthat represents one or more auttamol e di smant |l er so be appoli
group®” ARA and CADRA believes that it is important that the automobile dismantling industry

34 Lithium-ion Car Battery Recycling Advisory Group, Draft Report 12/13/2021484(December 13,

2021). https://calepa.ca.gov/wpontent/uploads/sites/6/2021/12/Fuiaaft-Policy-Recommendationkithium-ion-
Car BatteryRecyclingAdvisory-GroupAB-2832As-0f-12-13-21-for-public-comment. pdf

351d. at 4647.

36 Memorandum of Understanding to Extend the National Vehicle Mercury Switch Recovery Program,
December29, 2017 https://www.epa.gov/sites/default/files/201&/documents/signedmercuryswitchprogmoull
15-2018.pdf

37 cal. Pub. Resources Code § 42450.5(a)(7).
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representativee actively engaged in acquiring vehicles for the purpose of dismantling vehicles
and sellingntegal parts and components to be sold as used motor vehicparappointed to
the AdvisoryGroup.

VI. Conclusion

As the voice of the professional automotive recycling industry, the Automotive Recyclers

Association along with the California AuRismantlers Recyclers Alliance appreciates
theopportunity to submit these comments concern
lithium ion battery recycling. We would be happy to participate on any future Advisory Group
discussionsPlease feel fremtcall or email if you have any questions, or if you would like any
additionalinformation concerning the issues raised in these comments.

Sincerely,
Sandy Blalock

38 Cal. Veh. Code § 220(a).
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B2U
T

| wanted to check if the team assembling the final version of the report fedt picitire

of B2Ub6s | arge scale demonstration project
highlight that repurposing for stationary
being demonstrated to be commercially viable and should thetefa@docus of policy
recommendations?

|l tds i mportan
Figure 2 in t

for the r

t e t to highlight
he current d t

(see excerpt

103



BASEL ACTION NETWORK

Thank you forthis opportunity to provide public comments on the Lithilom Car Battery
Recycling Advisory Group draft report. We commend the Advisory Group on avngkn
report that takes an-aepth look into this important and complex topic.

Our comments today highlight the need for-aaée by the Advisory Group in favor of

recommending two important policy proposals that earlier did not find majority support. Our

request is made particularly in light of the mandate to the Advisory Graatatad in California
Assembly Bill 2832 (AB2832) to fisubmit policy
ensuring that as close to 100% as possible of lithamrbatteries in the state are reused or

recycled at enaf-life in a safe and cosiffectv e manner . 0

Finally, we also suggest inclusion of an additional issue to be recommended for further study.

1. Design for Repurposing, Reuse, and Recycling, Disassembly policy proposal. Without
OEM design for recycling, such as ease of removal, disassemb$pgirdy of battery
packs, the recycling of EV car batteries will be less effective and moreover more
expensive and thus less likely to take place at all. It is widely recognized that the gap
between design and recycling is one of the largest impedinzeathancing recycling
rates and preventing harmful contamination downstream. The success of a circular
economy begins with recognizing that products must be designed to be circular. It is thus
inexplicable how this proposal could not be included in afsstoommendations to
approach 100% recycling. Since the Advisory Group was tasked to provide policy
proposals to advance the interests of recycling and reuse, we would hope that the
Advisory Group will reconsider its vote. Perhaps some&aeding of this plicy proposal
will allow those who were uncomfortable, or did not understand the fundamental need for
such a policy, to reconsider and avage taken.

2. Third-Party Verification policy proposal. BAN recommends the Advisory Committee
support this policy ppo 0 s a | because, in the words of th
way to guarantee highuality environmental performance (i.e., emissions control) and
wor ker safety. 0 Gi v e-onhattery regydinigeand repuapbsinglanger
especially ifbatteries are exported abroad to avoid the higher costs of proper recycling,
theadditional costs of a thirdarty verification program including downstream
trackingmechanisms are both necessary and merited. Currently, there are no
certificationsspecifially addressing performance requirements for battery recyclers, but
these could beasily added to existingwaste Recycling Certifications. Thestewards
Standard currentlgperated and owned by BAN is investigating this possibility as we
speak. Well ra, verifiedCertifications have already proven themselves as a valuable tool
to achieve both leg@lompliance as well as preventing harmful emissions and other
liabilities.

3. Export of Lrion EV car batteries. While the draft report does touch on export and
thepossibility that batteries may end up in countries without infrastructure to recycle
them safely, there is no policy proposal that addresses prevention of this outcome. We
stronglysuggest that the matter of export be included in the recommendatidosiier
researchBAN, as the US organization exclusively working on the issue of transboundary
movements ofvastes, volunteers to assist in drafting this recommendation.

Thank you for your thoughtful consideration of our comments.
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Sincerely,
Jim Pukett
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CALL 2RECYCLE

Page | Section Comment

2 Executive i E rofivehicle life. EOL LIB implies any Lithium ion
summary: battery, however we must be clear @id/ehicle life batteries
Background are the ones with the opti

2 Executive "Remanufactured, repurposed, resold as is, recycled,"
summary:

Background

2 Executive "This is probably what wasritten at that time, however its to
summary: narrow for what really will happen.”
Background

2 Executive "In all other instances, il
summary: usedi would be consistent."
Background

2 Executive Comment on 6éat no cost to |
sBumlinary:d "This is not realistic. I 1

ackgroun manufacturer must recoup the cost of recycling and build th
into the price of the vehicle."
"Agreed. Whether the obligated party (i.e. autowafacturer)
decides to cover the entire cost, pass the cost to the consu
the price of the vehicle, or make it visible, should be left to t
discretion of the obligated party. "

3 Executive "Did the advisory grap discuss how the REPAIR Act, if
summary: passed, would impact (i) and (ii)?"

Supporting policy
proposals

3 Executive Table E1 comment on labelling : "While this may be the enc
summary: goal, the labeling benefits would not be realized for years tc
Supporting policy | come. Since @ny EV batteries are already manufactured, i
proposals use, or reaching its end of life, there would need to be an

interim strategy to educate on how to identify a battery
chemistry in the absence of harmonized labeling. "

3 Executive Table E1 comment on UDS: "This would not be executable
summary: One common diagnostic tool is limiting and not even usable
Supporting policy | Would remove innovation. We know of 4 different diagnost
proposals tools already in development, each with its own intended ug

and bentt. "
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Page | Section Comment

4 Executive Table E1 comment on requiring papprocal to auctions: "For
summary: what purpose and benefit? Remember all cars will become
Supportingpolicy |[EVsé i n essence we add a |
proposals costs that eventuallyra passed to drivers."”

5 Executive APer note aboveéwhile ther
summary: at the batteryds EOL, we Kk
conclusions will be passed along to the consumer and embedded in the

oftheve hi cl e. So, when talKki
consumer 6, | anguage will b

9 1.3: Battery AWhy no discussion of Ni MH

Technology is the majority of batteries in market today and with auto
recyclers. o

16 2.3.1 Recycling Alnterco Iis missing from t

Industry Landscape r ecycl ers I nmetco and RCI O
ANot e: Battery Resourcers

30 5.1.1:Barriersto |AiMany ar e a c cas@uolrexyclersigok forn s
safe and efficient | buyers, not because there is no clear directive. EV batterie
reverse logistics sell, particularly Nissan Leafs, Teslas,Toyota Prius, and soi

GM. The ones that sit for a while have less demand. On
average there are about 10 hybrid anddithEV batteries at a
auto recycler at any given time, with the highest number we
have seen at 500

32 5.1.1: Barriersto |Re: Condition of battery:
safe and efficient | should not be mandated as paranfendof-life program.
reverse logistics What is needed is basic battery information that is on the la

It is true now the SOH helps the holder make decisions as t
where to send the battery, however that is a choice of the
hol der . O

32 5.1.1: Barriersto |Re: |l nformati on about how |
safe ancefficient mentioned abové will this be addressed if the REPAIR act
reverse logistics moves forward?o

33 5.1.2: Opportunites Re: reduced transportation

and benefits

specific by saying the regulation should not mandate what t
of remanufacturing, repurp
holder and the buyer to decide. This will allow for batteries
travel shorter distanceso
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Page | Section Comment

33 5.1.2: Opportunites Re: i ncreased coll ection r
and benefg cost of transportation will help increase the collection rate &

thus the number of batteries recycled.

There should be not collection rate target set. If one is set
risk forcing good biteries to recycling prematurely, which wi
have the effect of increasing the price of vehicles.

The average life of an EV battery is 16 years for Circular
Energy. o

35 5.2.1:Barriersto (A The repur poser wi ltdtoolthatevd |
reuse and allow them to evaluate the battery they are considering
repurposing purchasing. 0

AThe BMS is a proprietary
be accessible without OEMO
creating a battery health certificate templatevkach the seller
produces in a report format.

35 5.2.1:Barriersto |Ail n the same way that vehi
reuse and batteries packs and software are not the same. That is whg
repurposing allows many versions of vehicles, each withown market

segment. Standardization will stop innovation and that will
result in a higher cost pe

43 6.1: Policies ACl arify that 1st |ife end
defining transfer of battery occurs between OEM and repurposer. 2
responsibility for | life begins and is defined as a hew product once again, witl
EOL management | the same regulations applying to 1st owner now applying tg

owner . o

43 6.1: Policies ASome vehicles are exporte
defining allow for this to continue. Further its not about recycling as
responsibilityfor |[not ed above, it may includ
EOL management

46 6.1.2: Producer AOr repurposing or resale
takeback

50 6.2.1: Access to Re: Uni ver sal Di agnostic S

battery information

OEMs spend millions on proprietary software and battery
information. Suggest instead to have a mechanism that all
fora battery health report t
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Page

Section

Comment

55

6.2.3: Reverse
logistics

Re: require pr@approval to bid on electric vehicles at auction
ARecommend removing this a
complexity that adds no value. All vehicles will be EVsden
what is benefit of knowing who is bidding on them? Everyo
will bid and all cars will be sold and purchased.

If tracking is the desire there are better methods of tracking
batteries than to know what went to auction and was purch
by who. ( we musremember the battery is lost again once t
auto recycler sells it)o

66

10: Areas of future
research

Re: recycling performance {
will force batteries to travel further distances which will have
negative carbofootprint. The policy should allow for the

battery holder to decide w
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COBALT INSTITUTE
Dear Mr. Omer:

The Cobalt Institute represents over 75% of global cobalt production and processing. It-is a non
profit trade associatrocomposed of producers, users, recyclers, and traders of cobalt. We promote
thesustainable and responsible production and use of cobalt in all its forms.

Cobalt i1 s essenti al for maki ng 4opo dateyigs.sltishi g h
used inelectric vehicles, stationary energy storage applications likedakuhcing of renewable
electricity, andin modern portable electronic devices. Batteries comprise over half of all cobalt
uses and the totalolume of cobakcontaining batteries iexpected to continue growing as the
green economy expandsobalt is part of vitamin B12, an important nutrient in animal feed, and

is also used in medical devicdsigh-performance tools for machining of metal parts, and
superalloys in machines like jefrbines,where hightemperature strength is critical.

1. Responsible sourcing

About 70% of all cobalt mined today comes from the Democratic Republic of the Congo (DRC).
Globally cobalt is typically a byproduct of either copper (60%) or nickel minif8$%), with only

2% of cobaltbeing mined as the primary product. In the DRC it is found alongside copper in the
socal l ed Acopperbelto.

The majority (889 0 %) of <cobalt coming from ¢t hscaleDRC
commerciaimining companiesni controlled conditions using modern technologies and a trained
and properlypr ot ect ed wor kf or ce. The bal anc-scale s s
mi ni ngo ( AASMminirsgasdnforonal and often involves local people mining valuable
minerds of their own volitionusing basic hand tools in both unsupervised and supervised work
environments.

ASM mining is inexorably linked to poverty in the region. While wages are low compared to the
West,they are comparatively high in this part of the Mol his is why so many people participate

in this form of mining. ASM provides jobs in a region where they would otherwise not exist and
provides the monegeeded to pay for education, which is not free in the DRC. Consequently, a
rush to ban ASM outrighwould result in severe unintended consequences. However, the industry
recognizes that steps musttaken to prevent illegal child labor and hazardous or otherwise unfair
working conditions in the ASMector.

Accordingly, the cobalt industry is playing an active role in supporting the formalisation of
artisanamining. In the last year, the Entreprise Genérale du Cobalt (EGC) has taken on the task
of purchasinghe majority of artisanally mined cobalt, partly énsure it is being responsibly
sourced. Industry is alsovesting in initiatives and projects that support the development of
responsible ASM practices. The DRC is also keen to invest in new downstream facilities like
refining and processing to allow [@Rcitizens to realize greater economic benefit from the entire
cobalt value chain.

There remains the opportunity for the US and Califorriracooperation with the cobalt industry

T to support the proper development of the DRC mining sector, and toeetiairthere are
legitimate routesout of poverty for people in the poor regions of the DRC. These efforts will
support the development adsponsible supply chains and reliable access to cobalt to enable high
efficiency clean energiechnologies.
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1. Recycling

According to Roskill, by 2030 the market for electreéhicle batteries will move towards a great
diversificationor cathode chemistries. The graph on the right shows how lithium iron phosphate
(LFP) batteries wilincreasingly be used, with cobalt containing orggsesenting about 50% of

the maket.

It is important to note that the market in 2030 will likbely considerably larger, meaning more
cobalt will be usedh gross terms by 2030. This would likely be true ew#h a shift to nickel
manganese cobalt (NMC) 811 MMC9.5.5 cathode chemigss (from the 622 ratitypically
used today).

However, this shift also presents a challenge. b&tieries have significant economic challenges
when itcomes to recyclability, whereas the cobalt contaicimgmistries (NMC and nickel

cobalt aluminium oxde (NCA)) are highly recyclable. Phosphates used in h&feries are also
high demand critical materials, primarily due to their use in fertilisers and concentfation
reserves in Morocco and the Western Sahara. Unlike cobalt containing batterieqyrebéctt
anopportunity for California to establish a circular economy for these battery chemistries over
time, theeconomics for recovering secondary materials from LFP chemistries is a major
impediment to &ustainable circular economy for these batteries

Cobalt is endlessly recyclable. Cobalt that comes from recycling can be reused in batteries. There

is nodifference in quality or performance once cobalt is recovered to similar purity. Given the

likely trajectoryfor cobalt demand outlined above and thcyclability of cobaive dondét consi
the statementopage 39, Athis reduction in cobalt redtu
be accurateThepresence of cobalt will still make it economically attractive to recycle 811
chemistries as, typically, INMC and NCA chemistries the cobalt is the main economic driver for
recycling.

Forecast share of battery chemistry in xEVs
(Source: Roskill)

Wilh Co -

o [ AE Mo Co
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2. US value chain

It is possible to develop the value chain in
isoneof t he wocoball réfmeriésaprogng that it is possible to establish facilities that
processsecondary material in developed markets. At present, it may be cheaper for producers to
us e i eabalt gibattéries, creating barriers to entry for recycled cobdlthblEU Battery
Regulation (cited inthe paper) provides a good model for stimulating a circular economy.
However, we do believe any suptoposal needs to be technology neutral, so that all battery
chemistries are held to the same standards.

Over time adomestic value chain for cobalt will not only create security and jobs domestically,
but alsostimulate responsible growth in the battery sector, where increasingly-tbeation of
facilities is beingexplored.

3. Conclusion

The Cobalt Institute is a ldang global expert on cobalt in batteries and recycling of cobalt
containing chemistries. We are happy to support you in your inquiries.

Yours sincerely,
Mike Blakeney
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COPART
To the Lithiumion Car Battery Recycling Advisory Group:

Founded in 1982out of a single facility in Vallejo, Copart is nhow a global automobile
auctioncompany with over 200 facilities located in 11 countries, including nineteen locations in
California. Copart helps a wide variety of vehicle sellers, including insurance caspani
dealersfleet operators, rental car companies, charities, and municipalities. We thank you for
theopportunity to provide comments on the draft report provided by the Litloar€ar Battery
Recycling Advisory Group. Copart supports the effort of 8tate of California to study and
fosteran effective and efficient process for recycling lithton batteries.

After our review of the draft report, we do have two concerns that we believe need to be
addressed and result in an amendment to the findl draf

Inaccurate and Misleading Statements

Our first concern is with inaccurate and misleading statements regarding auto auctions and
dismantlers. Once such inaccurate statement appears on page 12 where the following comment is
made about Cotipesin Califerniss al es pr a

Afany interested party can bid on and purch
may be unqualified to safely repurpose or

The st aameymeinmnt eéir ested party can idbnodaccorae. and |
Copartlimits who can bid on vehicles located at its facilities in California. Only potential bidders
thatprovide Copart with a business or occupational license from their home state or country are
all owed to purchase vehi dlaetonsfAll buyers@re pequirddd s Ce
toprovide Copart with a copy of their driveros
passport, as well as a copy of the licenses held by them or their business. Copart emgi@yees

these documents to dnm the information provided. These same buyers areciisoked against

various databases including BIS, OFAC N®DN, OFAC Sanctions, OFAC SDNerrorist

exclusion, FINCEN Primary Money Laundering Concern, and others.

Further, the statement that buyerst auct i opadies that eanbhyulsk aingualified to
safelyrepurpose or recycle [lithiuaon batterie} 6 i s mi sl eadi ng because
true ofthe buyers okvery other sales channal California, including dealerships, dismantlers,

direct consumer to consumer sales, and vehicle marketplaces such as eBay Motors, Craigslist,
Autotrader, etc. Copart only makes up a small portion of all vehicles sales in California;

for comparison, in 2021, Copart sold over 275,000 vehicles in Califonfide the CNCDA

reportsthat residents purchased 1,856,391 new and about 3,730,000 used vehiclesiTR621.
statement is misleading because it applies to any of these sales involving ailithioattery.

In addition, the statement on page 55 fijainlicensed dismantlers acquire most of their vehicles
through auto auctiorso0 i s of fered without any evidence. £
Afan ongoing concern 1 s the r i s aensupgorted lobylanyc ens e
evidence Both statements are also potentially misleading. Whileigreantling industry has

repeated these allegations in many forums, Copart is unaware &csyhat exist to support

these statements. Moreover, Copart works closely with Califéreeartmenof Motor Vehicles

39 California New Car Dealers Association, Annual California Auto Outlook (2019, 2020, 2021).
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and is unable to recall a single instance in the past 40 yearsitvhas been requested by
California DMV to terminate the bidding privileges of a buyer becab@is@licensed dismantling
activities#° For this reason, these statemestitsuld be removed, or tite very least, mentioned as
a representation of the dismantling industry that is unsupportédtel®vidence.

APfrAgproval 0 Proposal

Our second concern is with the Require-Rpproval to Bid on Electric Vehicles at

Auctionssection of the draft that starts on page 55. The proposal does not describe what is meant
by fApre appr eavpapl roo voarl oh owwo uilpdr eac hi eve t he goal
lithium-ion batteries. The proposal is vague, unnecessary, anthadisztory towards auctions.

The report r ec oegurmgtlhsinteaestedpatigseappby for pépproval before
participating [in an auction]. The prapproval process should include registering amdifying
contact information (e.g., namaddress, etc.) to track the batterp

The report does not describe who an interested party would apply to fapgm@val prior to
participating in an auction, whet heconditangpr ov al
there would bé if any i on participation in an auction, or how such-ppprovalwould lead to

or enable tracking individual vehicle batteries. This recommendation is incomplete without
addressing these issues.

Further, the single concrete aspect of this recommendationesessary because auto
auctionsghemselves already collect and verify the contact information of all potential bidders of
anyvehicle prior to allowing participation in an auction. Like its competitor Insurance Auto
Auctions, Copart collects and maintaihgstinformation in its systems and could report this
information toa regulating agency.

With this is mind, talpep rpivap @s als tveagrueq uinrde ufr
only concrete actions suggested by the recommendat®lready the industry practice. To

impose additional requirements on auctions without also imposing the same requirement on all
dealersdismantlers, consumers, and all other sales chanméigch make up the bulk of all sales

in the state, as detailed abovie is unfair and discriminatory against auctions. Further,
therecommendation as proposed in the Draft Report would fail to achieve the purported goal
ofitracking batteries. o

Conclusions

Based on the foregoing, our specific requests after review of the DRAFT Repdthnat the
Advisory group:

A Remove the incorrect information contained on page 12 regarding who is qualified to
purchase vehicles at Copart auctions.

A Remove any language unsupported by verified facts purporting that unlickeseohtling
is a growing poblem.

40 Copart strongly supports DMV enforcement of law prohibiting unlicensed dismantler activities
and has a decades long history of providing assistance to DMV in its enforcement efforts against
buyers and sellers that are wpierating in accordance with treal.
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A Remove any language unsupported by verified facts purporting that unlicksisetlers
acquire most of their vehicle inventory from auctions.

A Remove the Require Répproval to Bid on Electric Vehicles at Auctions proposal.
This proposal is unnecessary, vague, and discriminatory.

We believe that overall, the draft contains important information that is critical to the long
termsuccess of electric vehicle adoption in the state. With our suggested changes, Copart believes
theaccuracy of the document and its effectiveness is increased for all.

Thank you again for the opportunity to comment and please do not hesitate to reach out if you
have any questions, concerns or need more information.

Sincerely,
Mark Binder
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CROWN BATTERY M ANUFACTURING COMPANY
Dear Advisory Group Members,

Whatever the cos to reuse and recycle batteries, halineasures will carry a far heavier
price tag for California and the entire country.

It's a sad fact: dday, 19 out of every 20thium-ion batteries go directly to the trash.

(Source: "It's time to getsous about recycling lithiuaon
bateries" en.acs.org/materidkEnergystorage/timeseriousrecyclinglithium/97/128)

That's not the legacy any of us wants to leave behind.i#snot a cleanup bill anyone wants to
pick up. But one way or the other, we'll all pay the cost of batteries at end of life {EOL)
whether they're landfilled or recycled.

Without robust policies and infrastructure foribih battery recycling, we & millions of tons

of hazardous waste. Cleanup bills and water pollution. Unnecessary, -adatsive mining.
"Surprise” disposal surcharges for EV owners. And a piecemeal recycling system. We even risk
falling behind on recycling R&D and rollout (othesuntries will take the k).

Today's policies will determine whether a battery's EOL is a lasting environmental blight and
economic burder or a sustainable investmentpgotunity. And as the State with the moat c
sales and strarenvironmental paties, California can lead the nation in creating a
compreheave lithium-ion recycling system one that creates jobs, reduces emissions and
pollution, and decreases amplence on conflict minerals and mining.

We need forwardhinking, longterm policies now: to make sure that peopder environment,
and the climate thrive as we electr{fye have a unique perspective abattery manufacturer,
and our comments will include strategies that worked in anb#iery industry).

At Crown Battery weve been powering electric vehicles and homes for nearly 100 years. We're
deeply invested in California, from our distributors to our subsidiary, Industrial Powersource, in
Santa Fe Spring8Ve're the first (and only) US battery manufacturer to use 106&bvable

energy for manufacturing. And we sell 99% recyclable-leed batteries and expect that our
future offering will include Lithiuraion bateries.

We applaud California's efforts to move toward rE30% reuse or recycling of lion
batteies.

We agree that green energy storage and electric vehibles personal and publicare an
important part of the fight anst climate chnge. We agree that we need to continue moving
away from fossil fuels and electrify, on the road and at home. And wgmige the need to
simultaneously imest heavily in a sustainable recyclirayuse infrastructure, technologyda
legislation.

Weagree on all of this because we need a clear path to full recyciirjtime is running out.

Experts predict there willd145 million EVs by 2036 a 14.5X increase over 2020 numbers.

And the goal of California's Executive Ordef/19-20 is that all new passenger vehicles be ZEVs
by 2035. But by 2035, most of today's EV and hybrid batteries are expected to be at EOL, even
according to conservative estimates. And even if laggde Ltion recycling technology were
feasible todg... recycling plants take years to design, permit, build, and make operational.
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So, we need to lay the groundwork now.
And to do that, we need tdose the Battery Recycling Gap. Here's what we mean:

As you know, lea¢hcid batteries are 989recycled-- the most recycled product in North
America (source: US EPA's AFacts and d&igures
roughly 98.9% of the ramaterials in leagcid batteries are recyclablehal's why these

batteries are considered a closed loop; they can be recycled to make more batteries, almost
indefinitely.

"A vast recycling sugy chain collects, stores, transports, recycles, anthtedduces more
than99% of lead back into the leatid battery supply chaih-- US Department of Energy

Meanwhile, Ltion batteries are 09%0% recyclable and mainly built with virgin materials.
That, in a nutshell, is the Battery Recycling Gapnd we mat close it.

Now, we all know the barriers to widespread lithiton battery recycling, including technology,
economics, policy, ad logistics. But the good news i8eVe solved the battery recycling
problem before- for lead acid. And by workingpgether, the government, nonprofits, industry
associatios, and corporations can solve it again.

Here are some of the key takeaways to adapt fromaels recycling swess
1) Make recycling easier and safer.

Leadacid batteries are easy to safedgycle by machine.

Recycling is better than new mining.

Recycling mitigates social and environmental costs (and emissions). Todayisbiattery
materials are almost entirely virgimined. Their obalt, copper, lithium, aad nickel often come
from theDRC, Indonesia, Russia, and other countries withaed environmental and labor
oversight. As a battery producer, want outour materials to come from recycled sources. So,
we hope to see minimum mateniatovery targets. And we support the scientaisis
governmehagencies working hard to advance lithium ion recycling to 90% recovery in the
USA.

Li-ion bateries will be easier to recycle if they're designed for recycling

Today's Ltion batteries are complex and vary widely in s&t@pe, internal chemistry,
electronics, and raw materials. And they're rarely designed for disassembly.

Physical labeling and battery information are critical to safe disposal.

With Li-ion's @mplexity and variety of raw materials, responsible parties need towhatv
they'rerecycling... and how to recycle it safely and effectively. To speed up the recycling
process, we stronglyupport labels that include information alt arode and cathodehemistry,
along with electrolyte type.

Education is vital for consumers.

Many consumers aren't aware of how to properly dispose of littoarbatteies. Improper
disposal and recycling are partly responsible for an increasing maflbieion fires duing
collection, storge, andsorting at recycling facilities.

First responders, recyclers, and service/repair companies need education and safety equipment.
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According to the EPA's "AAnalysis of lithium-ion Battery Fires in Waste Management and
Recyclng," Li-ion scrap batteries started at least 245 fires at recycling centers from 2013 to
2020.

Education and safety equipment will go a long way toward protecting people and property. It
will also protectour country's recycling network; our recyaipartners tell us that tion-related
fires are a major threat to their ability to operate safely and successfully.

2) Profits help ensure recyclng.
Leadacid recycling is profitable. It's simple, it's automated l@ad has a high market value.
Current lithiuntion recycling/downcycling often isn't profitable

For Li-ion, most recycled materials are about three times more expensive tharmiimgoh
equivalents. The economics against recycling may tilt further as expensive materials like cobalt
are removed from L-ion batteies. But if raw materials prices increase, then it may make more
financial sense to reger lowervalue materials. In either case

We need newithium-ion recycling methods to improve profitability and extract more
materials.

Most lithiumrion disassembly today is tirensuming and technical. And currentian

recycling methods burn lithium andamganese and present their own sustainabilityessiore
importantly, these recycling systems aren't in use at scale. New policies and investments in R&D
give us the best chance for reaching full, profitable recycling sooner.

3) Infrastructure is critical.
A key part of leaehcid batteries' suess isour nationwide recycling infrastructure.

We support and are eger to see a similar infrastructure for lithium-ion batteries, ® they
can be collected at scale.

California's report mentiors "Rreporting system for LIB recycling and recovery sate e W
support thidecause it's common semdAfter all, if we don't mease recycling and rewery,
how can we tell how well new policies are working?

4) Recycling is most Hective when it's mandatory and cosffree or affordable.

Government regulations adttery industry support ensure that leadt batteries are collected
and recycled.

Right now, there's no nationwidghium-ion recycling infrastructure or recycling leqgislation.

Although landfilled Ltion batteries can leach toxic chemicals, the U&Xs (for now) the
recycling laws and collection infrastructure foribn batteries that have been put in place for
leadacid batteries. As a producdrenergy storage batteries, we believe that society and
industry both beefit from public policies thiadirect recycling of batteries, and we support the
mandated recycling of all battery technologies.

Takeback programs work and are needed.

Weve seen their effectivess with leagacid batteries, which have the highest collectate of
any item inNorth America. Collection is frictionless; it's mandatory; it's built into purchasing
and end of life; and it'supported by a robust infrastructure and policies.
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Other highimpact policies could includédanning landfilling, making transporting hazardous
bateres easier/more affordable (while still safe), and crephattery design standards to
simplify disassembly for recycling.

Effective policies can speed up adoption and R&D, protect the environment, and create jobs.
And AB 2832 will have a ripplefeect on energy storage far beyond just Etéxdes. Demand
for energy storage has also skyrocketed for electronics and other markets.

We hope that L-ion battery recycling becomes widespread and profitable. But hope alone won't
turn this looming crisignto an opportunity.

Ten years down the road, we could be years behind our-gaald other countries in the fight
to mitigate climate change and create sustainable jobs.

Or we could be building lithiuaon batteries made with recycled materials we do for lead
acid batteaies. And we could enjoy the benefits of more domestic jobs, redupeddaincy on
fragile supply chains, and lower carbon emissions. It will take smart poksigsded
infrastructure, and new technology to make that dreasaléy.

That's why Crown Battery supports your efforts to close the Battery Recycling Gagkguseli
supported lea@cid battery recycling from its infancy.

California can and must lay a stigpfoundation for full battery collection and recycling &0
the country... now, while we canl atill afford it. After all, full battery recycling is the right
move for our environment, our communitiesr economypur society-- and our future.

On behalf of Crown Battery Manufacturing Compgathank you foryour consideration of our
comments.
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I NSURANCE AUTO AUCTIONS

Regarding California AB 2832 Advisory Group Policy Proposals

On behalf of Insurance Auto Auctions (IAA), | am submitting the following comments.

The Final Draft of PoliclRe c o mmendati ons i ncl udappgrova to pid om g\ ata |

t o

auctionsodod. The purpose is stated to be to fenable

policy proposal is addressed on pages 4, 48, 55 and 56 of the Final Draft.
Insurarce Auto Auctions (IAA) opposes this policy proposal for the reasons set forth below.

Although insurance companies and insurance auctions, such as IAA, are discussed in the Final
Draft, these industries were not represented on the Advisory Committee. eiowey
automobiledismantling industry did provide input. The policy proposal would limit the competition
dismantlerdace at insurance auctions. Unfortunately, the resulting bargain for dismantlers would
come at thexpense of insurance companies and faicyholders.

The policy proposal is burdensome. EVs make up a tiny portion of the vehicles sold at insurance
auctions. Potential bidders at an insurance auction are registered to bid on a wide variety of Vkhicles.
policy proposal does not indieatvhat agency would be pagproving bidders, the mechanism soich
pre-approval, including verifying contact information, or the timeliness of suclgpeoval. Theeport
itself, on page 56, raises the concern that this requirement will have a afiléngonindividuals who
participate in insurance auctions to repair their own vehicles.

As noted above, the stated purpose of the policy

auctiono. This goal c¢oul dantaerausntaonerplfitissdieerdnedi n

that it is important to be able to track EVs purchased at auctions and if an unregulated purchaser buys

EV at insurance auction, the insurance auction could promptly report the contact information of the
buyer tothe appropriate agency. Regulated purchasers are as set forth in Section 6092.5 of
CaliforniaRevenue and Tax Code in subdivisions (a)(1) through (a)(i®.solution would accomplish
the stategburpose while not imposing the overreach of the proposal.

Thank you for the opportunity to comment.
Sincerely,
Katerina Dotzeva
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INSTITUTE OF SCRAP RECYCLING INDUSTRIES
To Whom It May Concern at CalEPA:

The I nstitute of Scrap Recycling I ndustries,
consideratiorthe following comments on The Lithiuton Car Battery Recycling Advisory

Gr oup 6s drpalitytrecammendations tatlie California Legislature as required by
California Assembly Bill 2832AB2832)( henc e f or tRe,p ofrtthoe .Dr af t

ISRI is theVoice of the Recycling Industrywith headquarters in Washington, DC and 18
chaptersationwide, including the West Coast Chapter that includes California, ISRI represents
more than 1,3006ompanies that process, broker, and consetyclable commodities, including
metals, papemplastics, glass, rubber, electronics, and textiles. ISRI provides education,
advocacy, and safety amdmpliance training, and promotes public awareness of the essential
role that recycling plays in tHg.S.economy, global trade, the environment, and sustainable
development. Generating nearly $117 billion annually in U.S. economic activity, the recycling
industry supports more than 500,000 Amerioaitk good jobs. In California, the recycling
industry contibutes a total (direct) economic impact of $12.2 ($4.7) billion, providing 51,000
(16,700) jobs that pay $3.9 ($1.4) billion in wages and generdtigbillion in federal and state
taxes ($0.8 and $0.6 billion, respectively).

A. Background

| SRI1 06 s rshipenoildes companies involved in the recycling of vehicles abéhfk
(EOL), including EOL electric vehicles (EVs) with traction lithition batteries (LIBS).

Some ISRI member companies operate facilities that recycle EOL vehicles (ELVs) and other
recyclable metal using hammermill shredders and automated separation technologies. ELVs are
prepared prior toecycling by removal of batteries, fluids, mercury switches, and other materials.
Often known as fAshr edder sfpradudelcdammodigsade,ferraudr e s e r
and nonferrous metakoducts that are purchased by secondary metal industries (e.g., electric arc
furnaces (EAFs) for makingteel) as industrial input materials. There are more than 300

shredder facilities in the U.S na their annual production of commodigyade ferrous metal

composes 30% of the annual input to domesigs*

Ot her member companies operate facilities tha
harvesting of reusable parts for resale. These disimgufidlcilities remove batteries, fluids,

mercury switches, another materials from the ELVs as part of their process. The remainder of

these prepared ELVs, aftéensification, are purchased by shredder facilities for recycling into
commoditygrade ferroa andnonferrous metal products.

Some shredder facilities purchase fAnewd ELVs
some reusable parts for resale prior to shredding. It is worth noting that such shredder facilities
can qualify fosmantfieutemobubeodo under the D

Lastly, somanember companies operate both shredding and dismantling facilities.

Based on past and projected sales of £MSRI expects that the number of EVs reaching EOL
will increase more than tenfold within a decade, especially in California. It is necessary to be

“4U.S. Geological Survey. fdlron and Steel Scrap in November 2
42 Seehttps://www.dmv.ca.gov/portal/vehicladustryservices/occupationdicensing/occupationdicenses/dismantldicense/
43 These data were obtained from InsideE¥m, HybridCars.com, GreenCarReports.com, and EVAdoption.com.
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prepared for this eventuality and the large number of LIBs that will become available for reuse,
repurposingandrecycling. ISRl members that operate shredder and dismantling facilities in
California and nationwide are essential to the safe, environmentally responsible, and efficient
reuse, repurposing, and recycliofgEOL EVs and their LIBs.

For these reassnISRI takes interest in the Draft Report. Its policy recommendations to the
CaliforniaLegislature have the potential to influence, if not set the standard for, similar policies
in other stateand hence nationwide.

B. Comments

ISRI appreciatesthewor of t he Advi sory Group and its mem
policy recommendations in the Draft Report to maximize the reuse, repurposing, and recycling
of LIBs fromEOL EVs.

As described in the Draft Report, ISRI could support the two pplicgosals with majority
supportthat define EOL management responsibility:

1. Core exchange and vehicle backstop policy; and
2. Producer takback policy with no companion legislation.

Concerning the second policy tprsdppowsaald,s hli PRI pd
theyidi srupt the current recycling infrastructu
productsthatareei ng successfully recycl e*tiISRafaritherc ons um
Aencour ageiscenivizésimanpa t hat er s to design their pr

Regarding the supporting policy proposals, ISRI does support those for improving the safety and
efficiency of reverse logistics and design for reuse, repurposing, and recycling. The latter
includesbetterdesign of EVs to allow easier and safer removal of their LIBs at EV EOL, which

is an expensivand timeconsuming process.

Beyond the Draft Reportodés policy recommendat:.
usedLIB from an EOL EV is clear lth federally and in California. Under both the Federal and

California regulations for hazardous waste (40 CFR §261.1(c)(6) and 22 CCR 866260.10,
respectively),anELVassai ngl e i tem meets the definition ol
regulation whereing recycled (8261.6(a)(3)(ii) and 866261(a)(3)(B), respectively).

Once a component of the exempt ELV is removed, its regulatory status is based on its own
attributesln the case of a reusable or repurposable LIB that was removed from an EOL EV, this
used LI B can be a fAisafe and effective substit
Under Federal regulatidi@261.2(e)(1)(ii)) and California law (HSC 25143.2(b)(2)), such a used

LIB is not a (solid) waste whenitis[ u] s ed o r e and effecdévd subsstutesfor s a f
commercial products [if the material is rogting reclaimetf] 6. Thi s al so applies
reusable part of an ELV that can substitute for a pasi

If an EV LIB is not reusable or repurposable, then the LIB meetsdteral and California
regulatoryd e f i ni ti on of fdfbatteryo (A273.9 and A6627

44|SRI Position on Product Stewardship adopted July 16, 2021.
4 This clause appears only in the California law.
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universal wasteegulations (8273.2 and 866273.2, respectively). Status as universal waste will
facilitate the recycling ofised LIBs.

These regulatory frameworks currently allow a used EV LIB to be reused or repurposed as a
product(not waste) and, if not reusable or repurposable, recycled as universal waste. They will
be extremely helpful in the effort to maximize the safe, environmemtdponsible, and

efficient reuserepurposing, and recycling of used EV LIBs in California and nationwide.

In closing, ISRI appreciates this opportunity to provide comment on the Draft Report and
Ca | E Rokdideration of these comments.

Sincerely,
David L. Wagger, Ph.D.
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L1-CYCLE
Dear CalEPA Lithiurrion Car Battery Recycling Advisory Group,

With the public release of the draft of policy recommendations to the Californian Legislature
by the Lithiumrion Car Battery Recycling Advisory Gup, L-Cycle wanted to provide
feedbackand industry context from a commercially operational, leading lithambattery
recyclingcompany and assist with the recommendati@king processes.

Areas of Support:

1. Defined Responsibility for End-Of-Life Man agement:Li-Cycle is highly supportive of
the continued regulatory push to propel carbon reduction initiatives in the battery supply
chain, and beyond. We believe EOL management serves as an important piece in
ensuring that all batteries arellected and properly reused, repurposed, or recycled and
create a sustainable and circular economy to meet global drives for carbon footprint
reduction. Sustainability is at the core of aHl@ycle operations and decision making and
we are encouraged blye recommendations for definition of EOL management policies
from our peers.

2. Ensuring Recycling Meets Highest Environmental Standardstt is critical that
increased battery recycling in California does not lead to adverse environmental impacts
created g the processes of battery recyclers. As suciGydle supports the
encouragement of battery recycling within California and enforcement of unlicensed
dismantling laws. This helps ensure that recyclers in the state use an environmentally
friendly processhat does not create additional ecological impacts, such as toxic air or
solid waste emissions, to meet the stateos

3. Targeted Incentives for Recycling:Incentives for recyclers will serve as an important
piece to mitigate upfnt costs and accelerate the sagdeof the recycling industry. Li
Cycle supports the recommendation for added financial incentives, as well as the
expansion of eligibility for existing relevant incentive programs in the forms of tax
breaks or grants toalzardous waste processors that recycle litAimmrbatteries.
Incentives will play a critical role in ensuring California has the necessary capabilities to
responsibly recycle the rapidly increasing amount of EOL batteries while making
Californiabased regcling competitive with other states.

Areas of Recommendation:

1. Importance of Establishing Recycling Efficiency Rates and Material Recovery
Rates:Li-Cycle has maintained its strong support of the policy efforts worldwide to
establish and achieve Recydi&fficiency Rates and Material Recovery Rates
throughout the battery recycling industry. We believe in the importance of reducing
theenvironmental burden of batteries and promoting circular economy principles with
afocus on the sustainable recovery ofical materials. LiCycle stands ready to be a
key partner in helping governments achieve material recovery rate goals and have
demonstrated this through our >95% material recovery rates and >90% recycling
efficiency rates.

2. Proposed Targets and LevelsfoAmbition: In conjunction with establishing
RecyclingEfficiency Rates and Material Recovery RatesClycle shares the view
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that establishingnedium and longerm targets to spur continued innovation within

the battery recyclinghdustry is critical. LiCycle believes the way in which these

targets are communicateéed not be mutually exclusive. While establishing EOL

management responsibility gertainly an important step towards supporting the needs

of lithium-ion battery recycling, we believe it walibe effective to communicate a
potential Omediemytkevey ambi tiendéy rate ta
l evel ambi t i on @nifiedeobjerterd, anmbiious2ronatre baitprovading

an allowance for a rampp periodbetweer20252030.

We hope our feedback will help inform your policy recommendations to the
Californialegislature.

Yours sincerely,
Kunal Phalpher
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LKQ CORPORATION
Dear Advisory Group:

On behalf of LKQ Corporation, thank you for the opportunityptovide comments in
response to theithium-i on Car Battery Recycling Advisory
the largest automotivdismantler in North America processing approximately 800,000 end

of-life vehicles per yeaAdditionally, LKQ is a leader imany other automotive aftermarket

industries includingremanufacturing NiMH batteries commonly found on older hybrid

vehicles. California is an importantarket for LKQ, and the company employs over 1,700

people in 67 facilities throughout the states@mous operations.

LKQ shares your objectives t haidnbditerissincl ose t o
thestateare eused or recycled at the end of I|ife. o
process virtually every end-tife automotive battery anid an essential partner for

recycling and reuse of lithiuion batteries. As the largest auto dismantler in the state,

LKQ respectfully requests to participate in the advigmgel to provide input and

technical expertise to formulate workable guidelithed represent thispecific segment of

the industry.

In response to the draft report, LKQ supports an Original Equipment Manufacturer (OEM)
mandatorytakeback program. There are three reasons for this:

A First, it creates the foundation for a competitmarket among auto dismantlers to
retrieve and recycle or reuse ed-life batteries. Aside from the benefits of
competition, it provides purchase requirement essential for any program seeking to
recycle virtually all batteries/ithout this purchase gairement, small and difficult to
retrieve batteries most probably wile overlooked or simply not purchased by auto
dismantlers in California.

LKQ forecasts that mild hybrids will be the dominant form of electrification through
2030 notonly in new carsales, but also relative to dismantling. These vehicles contain
lithium-ion batteries that are approximately 100x smaller than ones found in a typical
Tesla. Theireconomic value may be negligible due to the cost of dismantling them
relative to their size.

Today mild hybrid vehicles hide in plain sight, and many modern Ram 1500 pickup
trucksand Jeep Wranglers are mild hybrids with lithion batteries smaller than 1
kW. To recyclethese, an OEM takback program provides the best chance auto
dismantlers will have teeceive a fair and competitive market price to locate, dismantle
and recycle small batterieten encased in difficult to access locations within a vehicle.

A Second, a takback program incentivizes OEMSs to install batteries limcation where
they can easily be removed, and to provide labeling and dismantling instructions. As
noted earlierpatteries may be difficult to locate and retrieve. A thkek program
aligns economicincentives for OEMs to provide greater transparency dato
dismantlers, thus increasingcycling yields.

A Third, a takeback program provides economic incentives for OEMs to utilize a
universaldiagnostics system allowing auto dismantlers to identify the highest and best
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use of a battery, which may includemanufacturing or repurposing it in a non
automotive application.

While a producer takback program is the most favored proposal, the next best option
would be arenvironmental handling fee to subsidize auto dismantlers. Subsidies are
essential if a madatory take back program is not available. However, subsidies are still a
second option because they government mandates that tend to disrupt market forces.
Subsidies provide less incentive to the OBNIprovide transparent access to battery
informaion and possibly disqualify smaller operators tlwatild opt out of a recycling
program.

LKQ believes that a mandatory takack program is superior to a state mandated core
charge. Innovation and competition are essential ingredients to reducecdbe of
replacement batteries andstimulate demand for recycling. As such, LKQ does not support
state regulations that permit the OEMplace core charges on service parts as they create
disincentives against innovation and competifram third partes who may seek access to
the core.

LKQ strongly supports regulatory structures providing-d@triminatory, transparent, and
full accesdo OEM battery information at the VIN level and to battery health diagnostics
via the batterynanagement system. y&ncal labeling requirements and physical OQ codes
are necessary butsufficient for a vehicle with a 20+ year lifespan as stickers may not
stand the test of time and batteneay get exchanged within a vehicle. To cure this, LKQ
supports the developmeoit a universal, opergand nordiscriminatory access to battery
diagnostics and management systems. Transparency akdweée owners and their
authorized agents to access the battery health. In turn, this creates a fefficierd

market for batteryacycling and reuse.

Without diagnostic access to the battery heath, recycling and reuse market participants will

likely have to make probabilistic assumptions. Given the rapid changes in battery
chemistries, the range of vehislecations and operating @ronments, best guesses are far

less efficient than access to specific batterym f or mati on from the vehi
system.

Battery information must be available via VIN decoding. Due to potential changes within a
model yeartransparent battery iafmation at the VIN level must include size and chemistry
of the battery, th@umber of packs and modules, location/position within the vehicle, and
best practices for dismantliragnd retrieving the battery.

In closing, LKQ encourages tlievelopment of a regulatory structure that aligns recycling

and reusebjectives with the competitive market incentives. We look forward to working

with the advisorygroup and stakeholders to develop economically attractive solutions.
Economic disincentive andoverregul ati on woul d under mi ne
objectives, a goal that LKQ supports.

*k*

LKQ Corporation www.lkgcorp.con is a global leading auto dismantler and provider of
alternativeand specialty parts to repair and accessorize autéesamd other vehicles. LKQ
offers its customera broad range of replacement systems, components, equipment and parts
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for automobiles, trucks, angcreational and performance vehicles. LKQ recently became
the largest U.S. provider of mobile, on

site velicle services to automotive collision repairers, mechanical repairers and national
fleets, providing a full array of repair solutions including diagnostics and calibratien, re
flashing, programming, pre and post collision repair diagnostics and other meaha
services. LKQ has global industry leading team of over 44,000 employees and operates
over 1,600 locations in 3dountries.

Respectfully,
Josh Meyer
Dismantling a Battery Casei A Simplified Explanation with Photos

Many lithiunion batteries arencased in an electronics bay weighing over 1,000 pounds and
approximately 6 x 4 feet in sizBhoto credit: LKQ.

JEINN

After removing the case from the vehicle, auto dismantlers remove wiring, electrical
busbar, relays, an inverter, cooling systems, sensors, and controls to access a battery
module.

Photos Inside of the Case

Photos from left to right: Busbars & high voltage connectibmserter & controlsElectrical &
cooling Photo credit: LKQ.

Battery modules are often tiny relative to the size of the case. Photo of modules at ~7 x
~14 inchesPhoto credit: LKQ.
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NATIONAL AUTO AUCTION ASSOCIATION
Dear Lithiumion Car Battery Recycling Advisory Group:

Thank you for the opportunity to provide comments to the LithiamCar BatteryRecycling
Advisory Group Final Draft Report.

By way of background, the National Auto Aucti
for wholesale motor vehicle auctions headquartered in suburban Washington, D.C. It comprises
more than 340 domestic and international wholesale member auctions and more than 140
associate members, including 20 member auctions located within the staldah(@.

NAAAOGs mi ssi on supportthe intgreste ahitstmembarsiathd safeguard the

wholesale auto auctiandustry. NAAA member auctions provide the marketplace for

consignors to sell vehicles to licensed dealers, who in turn sell thdegetuaetail consumers.

NAAA member auctions facilitate the sale of over 9.8 million vehicles per yeawHdiesale

remarketing space assumes a licensed dealer purchasing for resale.

The report identifies aucti omso aisnwanagngd itrhe
an electric vehiclebs (EV) balfifée.bwritetobharee cycl e
information about how auctions (specifically wholesaletions) operate in California today and

hope this information will be helpfalsthe group considers ways to promote a lesgale

battery retirement industry ihe state.

It is industry standard for California wholesale auctions, with limited exceptioasllteehicles

on consignment only to licensed motor vehidalers. To ensure thatcess is restricted to

valid, licensed motor vehicle dealers and their authorepresentatives only, wholesale

auctions implement a robust screening aratientialing process. NAAA member auctions

electronically collectand sten a mes, addr es s e s ,-issuedidentdicatod, | i cens
authorizedepresentatives, and more. This information is regularly eefssenced with

licensing agencies (and other authorities) to (1) ensure a safe andrsadketplace for our

clients, and (2) limit the transfer of vehicles to trusiellistry partners.

In addition to the longestablished industry standards for auction credentialing, Califstaiia
law requires wholesale auctions to provide a report of sale to the Califorraatibeptof Motor
Vehicles for every transaction in California.

The report, in its section highlighting policy proposals with majority support froradwisory
group, recommends that the State of California require-agpeoval process fgotential
purchasers of EVs at auctions. The report further recommends that the pre approval process
include registering and verifying contact information (e.g. name, adetessin order to track
the battery and prevent it from falling into the hanflsrdicenseddismantlers. While | agree
with the policy objectives, | strongly urge the group to reconsiderecommendation. As
described above, wholesale auctions already comply with Badulatory requirements to
report all purchases on statentroled forms. The report isilent on which state agency this
information should go to and fails to mention how thfsrmation would be used. Further, our
members abide by lopgstablished industrstandards that préate California state law and
ensure thaour marketplaces are limited ttmsted industry partners that are similarly regulated
by the state. With these controlsplace, wholesale auctions are already doing their part to
track the transfer of used vehick®ong regulated commercial entiteasd should be excluded
from any further stateequirements.
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Wholesale auctions will continue to evolve as the industry evolves and will continue to
partner with the state to promote an EV battery recycling industry. However, further
regulation on our mendrs is misguided and unnecessary given existing law. As such, |
respectfully request that the group reconsider the need for this proposal and/or exclude
wholesale auctions from any pa@proval process for EV bidders.

Respectfully submitted,
Tricia Heon
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REDWOOD M ATERIALS

Redwood Materials is developing a fully clodedp, domestic supply chain for lithiuman

battery materials. To close the loop and create a secure domestic supply chain, Redwood is (a)
collecting and recycling enaf-life lithium-ion batteries from consumer devices, electric vehicles,

and energy storage systems, (b) refining the materials sustainably, anthér)ufacturing them

into battery materialé specifically, cathode active materials and battery copperiftiiat can go

directly to U.S. battery manufacturers, including current partners Panasonic and Ford. Increasing
our nationdés production of these resources wil
footprint of batteries and scalg U.S. battery manufactag. With increased domestic battery
production, we can then in turn increase production of electric vehicles in the U.S. and decrease
our foreign reliance on materials, batteries, and vehicle manufacture.

Today, 6 GWh of lithiurdon batteries ortheequavl ent of 60, 000 EVs, <c¢come
doors annually, representing most of the lithiiom batteries recycled in North America today.

We continue to steadily ramp our recycling processes in preparation for the first large wave of
electric vehicles toaome off the roads, and we are ready to support the battery market in identifying

and creating pathways to collect vehicle battery packs and reduce the costs of electric vehicles.

Redwood believes the most effective way to understand thefdiid vehicle battery pathways

is to learn by doing. That is why, in Califor
battery recycling program, to establish efficient, safe, and effective recovery pathwaysdbr end

life hybrid and electric vehicle aty packs. Ford Motor Company and Volvo Cars are the first
automakers to directly support the program, but we will accept all litioangLi-ion) and nickel

metal hydride (NiMH) batteries in the state of California as part of our recycling program.

In the pilot, we will work directly with California dealers and dismantlersdémtify and
recoverendof-life packs. Redwood will then safely package, transport, and recycle these batteries
at our facilities before returning high quality, recycled materlzsk into domestic cell
production. Our goal is to learn and share our findings with the industry. We aim to demonstrate
the value of enaf-life packs today and optimize both logistics and our process to reduce costs
and return more value in the future.

Today, the most significant cost of battery pack collection and recycling is related to logistics.
However, Redwood is working to optimize the logistics process and we are confideavdnat,

time, as enaf-life (EOL) battery pack volumes increase, thastcof logistics will decrease
significantly, and these packs will become valuable assets that will help make EVs more
sustainable and affordable. Today, Redwoodds
batteries like consumer devices and picithn scrap, and we expect the same to be true for electric
vehicle battery packs in the near future.

Regarding | ogistics, there isndét data to show
Furthermore, the key to reducing logistics costsnigeased volumes; economies of scales
achieved through full containdvad quantities for transportation. Therefore, we are opposed to
creating any fees to address what we believe are short term costs. Creating such collection fees or
costs could hindere battery industry and electric vehicle growth and create the unintended
consequence of promoting fossil fuel burning vehicles. Today, the industry is already paying for
NiMH packs because of the scale of these batteries coming off the road and thefuhkie

material that can be recovered. We expect the same will happen with lithiupatteries in the

next few years, as logistics become a small component of the overall value proposition. Instead,
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we support initiatives that promote the recycling of BAtteries for use in a closéabp supply
chain for new battery production.

Until that time, production scrap will be the dominant material available for recycling in the US.
Production scrap will support the growth of the battery recycling industreragmg revenue as
recycling companies continue to establish and automate processes {fofliBncEV pack
collection and recycling.

Of the policy proposals recommended by this paperwaidd be most supportive of Core
Exchange and Vehicle Backstop Rglifollowed by the Producer Takmack asve believe these

packs present an opportunity for the industry, through recycling and remanufacturing, to drive
down the costs of future domestic battery prc
critical materialsWe are unsupportive of any proposals that add additional costs to the EV battery
value chain.

Redwood is certainly supportive of policy that governs the safe transport and handling of EV
packs, as well as any research to understand how thetipdcan lower costs without
compromising safety. Existing regulatory laws were not intended to address recycling pathways
for large electric vehicle battery packs.

The technologies named in this paper are not all inclusive and are significantly maredtiem

what is shared. The industry has attempted to bucket several technologies into easily identifiable
categories, but, the best process is a combination of many technologies, some of which are not
listed in this papeToday Redwood Materials is puiag several recycling processes we
developed irhouse. Because of the wide range of feedstock, we récewszything from large

packs from EVs and energy storage systems to small consumer electronics like wireless
headphones and toothbrusliese employthe best technology for each of our feed streams and
are continually working to further optimize it-house. All of our material is processed in our
hydrometallurgy (chemical) process and some batteries begin the recycling process either in
mechanical segration or in our calcination process, where our low temperature, proprietary
technology allows us to make use of residual energy in thefelifé battery to power the process
without the use of any fossil fuels.
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REJOULE
To theLithium-ion Car Battery Recycling Advisory Group

Thank you so much for putting together the draft report and making it open to public comments.

I'm Zora, thecofounder and CFO oReJoule and our work on 2nd life batteries was actually
listed in the reportWWe have some brief comments below, and we'd be happy to chat further.

Thank you!

Page | Section Comments

#

44 6.1.1 part 3 Requiring vehicle OEMnly can be dangerous as they may
not beable to trace this backwill require tracking and mean:
to recover fistranded vehic
potentially add cost. Perhaps include insurance or salvage
companies as partners.

36 5.2.1 Firstlife Recommend that newly produced batteries are designed v

Battery Design

disassembly in mind to greatly enhance safety for both
repurposing and reuse applications

48 6.2.1 Access to SOH is a critical piece of battery information that can vary
Battery Information | wildly if provided by an inaccurate source. Recommend
creation of a list of trusted SOH providers who can capably
test batteries to give accurate and vetted SOH information
50 6.2.1 Electronic Recommend including instructions foattery pack/module
Information disassembly as well, not just disassembly from vehRbee
Exchange repurposing and all recycling will require this knowledge.
52 6.2.2 Expand Recommend dablishment of further validation programs fo

eligibility for relevant
incentive programs t(
include reused and

repurposed batteries

reused and repurposed batteries, similar to -@Eded
demonstrations on Page 14 of this document. Used batteri
offered at a lower cost with incentives are likely to have
positive impacts to energy equitydaaverall welfare.
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RESPONSIBLE BATTERY COALITION
Dear Members of the AB2832 Advisory Group,

The Responsible Battery Coalition (RBC) appreciates the opportunity to provide comments on
the draft report of policy recommendations prepared by.ithesm-ion Car Battery Recycling
Advisory Group on behalf of the AB2832 Advisory Group.

Overview

The Lithiumion Car Battery Recycling Advisory Group was created to advise the California
Legislature on policies pertaining to the recovery @aycling of lithiumion vehicle batteries

sold with motor vehicles in the state. It is being led by the California Environmental Protection
Agency (CalEPA), the Department of Toxic Substances Control (DTSC), and the Department
for Resources Recycling afmtecovery (CalRecycle). Additional members come from the
environmental community, auto dismantlers, public and private representatives involved in the
manufacturing, collection, processing and recycling of electric vehicle batteries, and other
interested pdies. The advisory group was formed in 2019 in response to Assembly Bill 2832

RBC is pleased to see that the Advisory Group Council recognizes the vital importance of

recycling spent lithium ion batteries (LIBs) and is working diligently to meet itslatan
ofproviding policy recommendations to the Legi
aspossible of lithiurrion batteries in the state are reused or recycled abehd f e . 0

As the Advisory Group notedjere are more than 400,000 zero emissainicles on the roaid
California. The lifespan of the batteries in those vehicles is estimated to be between 10 to 20
years. Those batteries contain metals and other toxic or corrosive materials but are also
potentially valuable sources of recyclable aheiVhen the LIBs that power electric cars reach
their endof-life, they must be managed in a way that is safe for the public aet¥irenment.

Our comments herein are focused on concerns around potential battery durability policies and
requirements andre provided to the Advisory Group so that its final recommendations are
informed by, and eventwually aligned with, the
action on the Advanced Clean Cars Il Act, which is expected to include standards for LIB

labeling, SOH determination, and performance and durability requirements.

About RBC

RBC is a coalition of companies, academics and organizations committed to the responsible
management of the batteries of today and tomorrow. We were creaitehitce the

responsible production, transport, sale, use, reuse, recycling, and resource recovery of
transportation, industrial and stationary batteries and other energy storage devices. Members
include Advance Auto Parts, AutoZone, Clarios, Club Car, Environmental Restoration, FedEx,
Ford Motor Company, Honda Motors, LaFarge Holcim{ly c | e , O6Rei Il l'y Auto
Energy, Terracycle, and Walmart.

Our priorities are to promote battery légcle management regardless of technologggdiiress
current vehicle batteries that are not recycled each year, and to develop best foadtiees

next generation batteries. Our objectives are to advance responsible practieeslbging

tools and ppmoting best practices for managing batteries throughout their life cycle; to create
closedloop solutions for emerging battery technologies; and to Ipuibdic/private programs to
ensure the economic, social, and environmental benefiespdnsible batry management.
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RBC Comments

California has done more than any other state to facilitate the widespread adoption of electric
vehicles (EVs), and it recently announced new measures to do so again. We are concerned,
however, that this time the state igsing an EV policy whose tradeoffs have not yet been
sufficiently evaluated.

Arecentproposaf r om t he Cal i fornia Air Resources Boar
agencywould require EVs built in 2026 and beyond to have batteries that maintain 80% of
theirpowerf or at | east 15 years. This Adurability |

of usedEVs by assuring purchasers that the battery still has enough remaining life to run the
car.

Currentfederal rulesequire EV batteries to last eigyears or 100,000 miles. Manufacturers
design batteries to meet that standard, and most will replace batteries that fall below 70%
capacity.

We recognize that promoting the broad use of EVs, including used ones, supports California and
national goals ofaducing greenhouse gas emissions. But potential undesirable outcomes of
CARBOs proposal include batteries being repla
weight and decreasing vehicle efficiency, and increasing the cost of batteries, whichrtoget

could slow down market adoption of EVs. It could also overwhelm the nascent EV battery

recycling industry, which is racing to prepare for the neblpillion poundsf lithium-ion EV

batteries (approximately 403 million batteries) expected to raatlofdife by 2040.

The proposed mandate will also influence battetsited environmental emissions in ways that
havendot been analyzed or fully ufrodewstood. Al
materials extraction throughanufacturing, use and charging, secondary use outside tten&V,
eventual recycling have emissions properties that must be considered and weighed when

creating public policy.

RBC believes that a better approach would be to focus on maximizing valua@mizing

emissions in every stage of the EV battery life cycle. We encourage policy leaders in

Californat o dri ve policy toward creating a fcircul
what hasalready been achieved for leadid batteries. This appach is embodied in a set of
principlesdeveloped by the University of Michigan Center for Sustainable Sys$tamd
sponsored b RBCi k nown as the fiGreen Principles for Ve
linked hereandsubmitted as part of the record.

At their core, these green principles focus on informing battery technology develdhrmegh
a sustainability lens as the EV market continues to grow. With addatn framework, the
green principles are intended to educate material suppliers ytattbvehiclananufacturers,
national labs, consumers, and recyclers so they can make informed decisastaorable
battery management practices.

As the world moves steadily towards adopting EVs, policy mandates, such as those

beingadvanced by CARBjeed to be supported by extensive data and science, comprehensive
analysis of the tradeoffs involved in battery technology, production, and use, and multi
stakehol der review prior to enactment. As an
batterymauf acturer and recycler, several aodf t he w
supported by grountreaking scientific and academic research, we urge Califautieorities
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not to prioritize a singular outcome of sufficient battery life in uséd &ver soundscience
based public policy

One of the main goals of adopting EVs is to reduce greenhouse gas emissions, and we believe
that the starting point of public policy discussions about advanced batteries should be
focusedon establishing a truercular economy for batteries that minimizes full life cycle
environmentalnd emissions impacts.
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RICE UNIVERSITY , BAKER INSTITUTE FOR PUBLIC POLICY
Dear California Lithiursion Car Battery Recycling Advisory Group:

The Baker Institute for Publieolicy, Center for Energy Studiéis,pleased to submit
commentdo the California LithiurAon Car Battery Recycling Advisory Group on the draft
report of policyrecommendations pertaining to the recovery and recycling of litioam
vehicle batteriesoldwith motor vehicles in the state.

The global energy market is undergoing dramatic change in terms of supply, demand and price.
Emerging political and regulatory issues have raised uncertainty for market developrt@sts in
new paradigm. The Centfar Energy Studies at the Baker Institute providedepthanalyses

of these market developments and policy issues. The Center is committed to pronidasgd,
datadriven policy recommendations to policymakers and industry on emel@tgdmatters.

The Center for Energy Studies has been involved in numerous efforts related to life cycle
battery management and has developed tremendous relationships throughout theupgitery
chain. We have aldoeen actively engaged in the quarterly advisory gpugic meetings.
Additionally, we have testified before the U.S. House of Representatives, Cononit&ergy
& Commerce, Subcommittee on Energy, "The CLEAN Future Act: Driliagarbonization of
the Transportation Sector."

The Baker Institute, Centerrf&nergy Studies, appreciates the effort California is making
to create policies pertaining to the recovery and recycling of lithaumvehicle batteries.
We would like to highlight the following general comments:

Development and use of comparable atité@s to internal combustion engine vehicles

The established, conventional internal combustion engine vehicle (ICEV) industry is
characterized by a large and lucrative-pvened vehicle market as well as a large and lively
salvage and aftenarket industryfor parts. The ICEV industry also has a long tradition of
recycling metals, includinglatinum from catalytic converters, and batteries, with roughly 90%
recovery for refurbishmerand recycling and wekstablished practices for ultimatesposal.
Development and use efectric vehicles (EVs) should demonstrate comparable attributes, or
EV transportation is unlikelfo be achieved successfully.

Evolution of secondary and salvage markets

Our main concern is whether the recommendatianshey are presented and if accepted by the
California State Legislature, will foster evolution of an efficient, effective, organic eleetricle
battery (EVB) salvage marketplace. That marketplace will need to incubate investment in
innovative serviceand technologies for aggregation and appropriate treatment of EVBs for
dismantling, reuse, recycling and/or disposal.

Definition of fend of | i feo

A distinct omi ssion from the recommendati ons
| i {E®IY and how that definition applies relative to the key recommenddtiooe exchange

andvehicle backstop policy. How the EOL concept is establishecahanormous bearing on
therecommendations and how they would be implemented. The definition of EOL should
distinguisht he fAvehicl eo as separ at-EOLfreatent andohaind b at t e
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of custodywill vary for nonbattery vehicle compwents. For the most part, nbattery vehicle
components that reach EOL can enter legacy, conventional salvage operations.

A Clearly, EVBs that remain in warranty are subject to warranty terms and conditions including
original equipment manufacturer (OEMjrafication of the battery, as tmecommendations
acknowledge.

A Core exchange and vehicle backstop seem most compatible for EVBs that are under warranty
and for which EOL is a consequence of recalls or failure of wargarfprmance. In these
situations standard OEM practices for repair and replacementld apply. These should
include replacement of the battery by the OEM supplier.

A Likewise, the producer takeack policy also seems most compatible with, and applicable to,
EVBs that are under warranbut for which EOL is a consequence of recalls or warranty
performance failure.

A For EVBs under warranty, EOL thatrista result of recalls or warranty performance failure
implies damage to or destruction of EVBs from crashes. In these situations,aflwais®ody
and regulatory responsibilities as potential hazardous waste genaaisfer to dismantlers
and salvage operators as stated.

A What determines EOL for EVs and EVBs that are out of warranty? How will that
EOL declaration and classification afft disposition of the EVB and eventual chain of
custody?In these situations, producer taback seems incompatible. How will original
equipment manufacturers (OEMs) and/or their powertrain vendors be incentivized or even
legally required to retain chaof custody?

A Once custody is established at EOL, how long is it retained, or how is it transferred and with
what obligations?

A Nowhere in the primary policy recommendations is there discussion of ultimate disposal.
EVBs that reach EOL because of crash daamagy not be appropriate for anything ottiem
disposal as a regulated hazardous waste. We assume that chain of custedgamsibilities
as Ageneratorso of hazardous waste will trart
instances, but thishould be clarified in the document.

Incompatibility of policy recommendations

Because of how the Advisory Group recommendations were solicited and how they are presented,
there is a lack of consistency. Indeed, various policies have been voted aoncarting to the

number of votes, they appear as preferred among advisors. But some policies are incompatible
with one another as we point out above. In particular, we view the producdrateik@olicy as

outlined in the document to be inconsistent veittolution of an efficient, effective EVB salvage
marketplace, as we state at the outset, and will suppress the inndkatiovill be needed. We

also believe that the producer tab@&ck policy will undermine effortéo make EVs more
affordable and practad as a transportation option. For the Legislaturadimpt a practical and
implementable recommendation, they must carefully assess how one approach enables the other
and not the opposite.

Insights and cooperation outside California are needed

Althoughthe Advisory Group did excellent work in analyzing what was done in other regions and
thoroughly understanding the problem of EV batteries, some essential elements are laclasg such

139



cooperation outside California, e.g. other neighboring states andbonaks partnershigvith
Mexico, a major trade partner of the United States.

Flexibility to account for uncertainties

With respect to the two main recommendations and the supporting policy proposals summarized
Table E1, we note that tiavisory Group and State are acting within a contextual miliegyrext
uncertainty regarding any number of variables. Consequently, the State initiative riesibbe

to accommodate rapidly changing developments as the EV transportation ircpsing and
matures. Uncertainties include, but are not limited to:

A EVB chemistries and designs;

A Ability of OEMs to meet production targets in view of emerging and pronounced materials
supply chain challenges;

T

Pace of adoption and EV consumer behavior;

™

Public perception of recycling and siting of hazardous waste/recycling facilfiestracted
timeline to cite, permit and construct lithium ion battery recycling facilitieadet recycling
targets;

T

Quiality and purity of products from recycled materiald affect on performance and safety

™

The development of a wellinctioning secondary materials markets to receive recycled
materials that may or may not be suitable for use in lithinmbatteries

A Emergence of data on the range of life cycle impacts a&dssupply chains (economic,
environmental, social) and/or life cycle metrics specific to battery recycling processes that
could offset sustainability and climate go.
wasteo target s;

A The developing federalaticy and regulatory landscape for EVs and EVB handling,
consumer product information, labeling and data transparency; and

A The emerging international landscape for trade, including international protocoladte
and waste management, product infornratiabeling and transparen@/or example, in the
Basel Convention, there is a clear lack of harmonizggllatory definitions for resource
recovery, reclamation, reuse, and recyclegpecially for lithium and cobalt, which has been
major barrier to desloping acommon understanding and subsequently a business case for
these processes.

Considerations for federal policies, public acceptance, and material recovery rates

Federal policies and regulations that affect industrial recyblirsinesses, state responses
andpublic acceptance of these facilities all will have bearing on the extent of material recovery
from EVBs. California currently has no permitted lithitiom battery recyclers in the state,
andpermitting of such facilities caspan a decade or more and challenge timelines and recycling
goals. Additionally, recycling efforts are unlikely to supplant the need for primary battery
metalsand materials for many decades to come. This is because the volume of EVBs available
for materals recovery will remain at low levels relative to manufacturing requirements until the
EV industry and EV market penetration are large enough to yield.

Logistics, supply chain management and life cycle insights
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The greater the extent ddgistics and supply chain management associated with EVB life
cyclemanagement, especially with respect to longer distances domestically and international
exchanges, the less attractive EVs are on a full life cycle basis, much less for affordability.

In addition to the above comments, we offer the Advisory Group the following suggestion
for future consideration:

Blockchain for achieving transparent, accountable EOL management and a sustainable
circular economy

Blockchain is an emergent technology thas Bignificant potential to manage

dataunderpinning materials with complex supply chains such as litionnbatteries in EVs.
Blockchain can necessitate and provide great impetus for a transparent, accountable, and
morecircular and sustainable managemsystem for EOL batteries in the complex global

waste and resource management network. Decentralization brought by blockchain facilitates
traceabilityand enables reliable monitoring of value chains. This can respond to challenges in a
circulareconomy bytracking the flow of resources and materials by identifying opportunities

to reinforce feedback loops and circularity process. It also reinforces reliability and trackability
of policy, regulation, and official documentation, in particular in developtog@mies

wheremuch of the sourcing, processing, and EOL management for used EVs are retained.
Blockchaincan also be utilized to automate certification of authenticity of data and optimize the
operations of governmental and private organizations. Incatipgrthe use of blockchain for

EOL management of batteries can reduce the cost of transactions, simplify the
transactionaprocess, and provide unique social value by guaranteeing transparency, traceability
andresponsible EOL management.

The Baker Instute appreciates the California Lithidion Car Battery Recycling

AdvisoryGr oup6s consideration of our comments and

any issues pertaining to the draft policy.
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STATE OF CALIFORNIA AUTO DISMANTLERS ASSOCIATION

The Stateof California Auto Dismantlers Association (SCADA) has appreciated the opportunity

to be an active participant in the CalEPA Lithilom Battery Advisory Group and the Logistics,
Recycling and Reuse Workir@roups. SCADA, in particulagppreciated being able to make a
presentation to the Advisory Group in | ate Ma
Sustainable Endf-Life Policy Solutions for Lithiurdon (Li-l on) Batteri es-. 0 Wit
lon Car Battery Recycling Advisory i@up Draft Report now available foeview and public
commentwe wanted to offer the following comments and recommendations on theearaift

and note that the framework laid out within this report provides a positive roadmap for a successful
longterm EOL management program for lithium ion batteries.

Automobile dismantlers in California are occupationally licensed and regulated by the Department
of Motor Vehicles (DMV) and are the entity in California responsible for managing and properly
processing endf-life (EOL) vehicles through proper removal, recycling and/or disposal of unused
batteries, gasoline, brake fluiehgine oil, catalytic converters, tires, mercury switches and more.
As part of their regulatory requirements under DMV, thayst document, complete paperwork,

and remit required fees and taxes to the state. Futtiegrare regulated by over a dozen local,
state, and federal environmental, worker safety, tax and public safetgies.

From a source reduction, environmenpabtection, greenhouse gas reduction and economic
impact perspective, reuse of lithiion batteries should be the top priority. Unnecessary
regulatory and economluarriers to the safe and effective handling, storage and shipping of the
lithium-ion batteres should beninimized to the maximum extent feasible. Reuse of the batteries
should include authorization for and théming made readily available by licensed automobile
dismantlers to repair shops and the public ast effectiveoption for vehicle epairs and
replacement, and for micro energy storage systems.

To the extent that unnecessary regulatory and cost barriers are erected to limit reuse and
repurposing asiable options, substantial numbers of these batteries will end up in the hands of
unlicensed and unregulatedd actors operating inside and outside of California. It is estimated
by industry and CA DMV that at lead0% of the 1.2 million endf-life vehicles, or 480,000
vehicles annually, are being acquired and processedhlsensed andinregulated automobile
dismantlers who do not comply with DMV licensing requiremeats/ironmental regulatory
requirements, insurance obligations, workplace safety requirements and tax grayrfemnt
liabilities as required for licensatismantlers. The consequences of unnecessary regulatory and
cost barriers related to EOL management of lithiom batteries will lead to more illegal
dumping, impropehazardous waste handling, violations of workers safety protections, lack of
compliancewith DMV requirementand much more.

The serious problem of unlicensed automobile dismantlers is solvable. To that end, legislation
was passed ir2021, Senate Bill 366 by Senator Tom Umberg, to reauthorize the Vehicle
Dismantling Industry Strike TearfVDIST). VDIST is a multdagency task force of DMV,
CalEPA, DTSC, CalRecycle, CARB, SWRCB a@DTFA that will coordinate enforcement and
compliance activity related to unlicensed and unregulatgdmobile dismantling. With the
enactment of SB 366, VDIST camill on the successes it accomplistiemm 2017 to 2020.
During that time, VDIST opened a total of 1105 cases, 824 which were for unli@risatbbile
dismantling. These cases led to 556 citations for violation of unlicensed automobile dismantler
laws andother associated crimes. In addition, the strike team referred 202 cases to state
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environmentahgencies and 81 cases to the California Department of Tax and Fee Administration

for further investigatormnd enf or cement . VDI ST dGle Lepiglatuvear y 21
recommended the continuation of @ordinated enforcement and compliance activities of the

Strike Team. The Report also made sewve@dmmendations for statutory and regulatory changes

to help address the problem of unlicensed automdislaantling, including escalating fines for

repeat violators and to add in statute the authority for use of pubsiance and abatement laws

for locations where unlicensed dismantling is occurring. Thomsommendations were
incorporated into Senate B866.

With the reauthorization of VDIST, the foundation is set for the legislature and regulatory
agencies to properiguind and sustain the necessary kegn commitment to solve the problem

of unlicensed automobildismantling. Solving this probleméssential for the success of the EOL
management program for lithium idatteries as outlined in this report.

We should note that while there were discussions in the lithium ion working groups about
streamlining thdnazardous waste permitting processtfattery recyclers that may want to locate
their facilities in the state, waould have significant concerns with any new hazardous waste
permit requirements for licensed automoldismantlers that are handling lithium ibatteries.

Such requirements would be unnecessary, extremely castly burdensome, and would
undoubtedly lead to large numbers of the batteries being acquired and impprpedgsed by
unlicensed and unregulated automobile dismantlers.

To facilitate g@timal EOL pathways for these batteries, we concur with the recommendation in
the report thaparties involved must have easy access to information from the OEMs about the
battery and instructions falisconnecting, dismantling and handling the batterghSuformation

should include proper labeling on yeanake and model of the battery/vehicle, accessible
information on battery chemistry, mechanisms for easdiagnosing and assessing battery
condition, and contacts of responsible entities for propeycheag anddisposal. We highly
recommend including labeling on the door frame similar to how tire pressure labdiargied.
Labeling just on the battery only helps once the battery is removed. The safety and dismantling
information is best availableipr to doing any work to remove the battery.

Ultimately, a successful outcome to addressing EOL management of litubbatteries will be

enacting degislative and regulatory work product that results in a substantial number of these
batteries beingausedthrough regulated, licensed entities as a safe and affordable option for
vehicle repairs and micro energiorage systems. SCADA and its membership look forward to
utilizing our expertise and proficiency as E@tocessors to make this program a hsgecess

and major contributor tecohome stateds transitdi
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UNIVERSITY OF TOLEDO

| realize the material in the monograph below is too long for your report, but | wanted to raise the
issue of Second Life (or Repurposed) cell capacity spread since previous publications have failed
to offer any realistic and low cost solutions for tidso, please pass this along to those in your
organization who might have an interest.

Thanks.
Tom Stuart

The Bilevel Equalizer: A LowCost System to Fully Utilize the Capacity of Second Life EV
Batteries

Thomas Stuart, PhD, PE
Professor Emeritus of Eleatal Engineering
University of Toledo

There have been numerous studies on the merits of Second Life (SL) applications for used
lithium ion electric vehicle (EV) batteries. However, virtually none of these address the effect of
the spread in cell capaciag the battery is cycled and ages. They also provide no original ideas
as to what can be done about this.
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Fig. 1. Capacity vs. number of charge/discharge cycles for 48 NMC cells. Reproduced with
permissiorf®

Fig. 1 shows plots of capacity vs. the number of charge/discharge cyclesiickdi8

manganese cobalt (NMC) cells. Plots of this type are very important for SL analysis, but they are
very rare in the published literature, probably because obtaining them is very expensive and time
consuming. In fact, Fig. 1 is the only publisheddcfgtlots of this type known to the author.

Although these 48 cells were not EV cells, the upper dashed line at 1.55 Ah (~80%) might
represent the start of SL, and the lower line at 1.2 Ah (~65%) might represent the end of SL.

46 This figure was published in Journal of Power Sources, 247, Baumhoferufil; Br; Rothgang, S.; Sauer, D. Production
Caused Variation in Capacity Aging Trend and Correlation to Initial Cell Performanc8383Zopyright Elsevier (2014).
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If a battery composed of thed8 cells used a standard EV Passive Equalizer (PEQ) to balance
the cell voltages, the battery capacity would be the same as the lowest plot, i.e. the worst cell in
the battery. However, if it used a more recent Bilevel Equalizer (BBgGows the capagit

would be almost equal to the average capacity of the cells. A simplified diagram for this is
shown in Fig. 2. These figures also indicate the SL capacity and lifetime for the BEQ (plot B in
Fig. 2) will be about 50% higher than for the PEQ (plot A inBig
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Fig. 2. Capacity vs. number of chardedcharge cycles for EV and SL operatibigure credit to
Dr. Stuart.

As explained irMubenga et al. (20213)he BEQ is a hybrid equalizer (EQU) that divides the
battery into sections, each with abolit 8 series connected cells. Passive EQUs (PEQ) with
resistors are used at the cell voltage level to compensate for differences in-cifickeifge

(SD) within the sections, and active EQUs (AEQ) with inductors are used at the section voltage
level to compensate for differences in capacity fade (CF). Fig. 3 shows a block diagram of a
battery with 4 sections and a BEQ, and Fig. 4 shows the schematic of therik&® fibr a

battery with 3 sections. This PEQ/AEQ combination is used to reduce the number of AEQ
drivers, which are more expensive than PEQ drivers. For example, a 96 cell battery with only an
AEQ would require 95 AEQ drivers (N1), but a BEQ with 8 dks/section would only require

11 AEQ drivers. Although a BEQ is more expensive than a PEQ, the extra cost is much more
than compensated for by the increased performance of the SL battery.

47 Mubenga, N.; Salami, B.; Stuart, T. Bilevel vs. Passive Equalizesetmnd life E\batteries. Electricity 2021, 2, 685.
145



O S1 -S4 = Sections of series
connected cells

el
D,
Emho Sl

AEQ
Centra

Fig. 3.BEQ connections for a battery with 4 sectiofgure credit to Dr. Stuart.
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Fig. 4. BEQ connections for battery with 3 sectiongigure credit to Dr. Stuart.

Although the BEQ will provide better SL battery performance, the first question is, how much
better? This can only be answered by plots similar to Fig. 1 for used EV batteries operated in the
SL region,but obtaining this data has been very labor intensive, time consuming, and expensive.
The second question is, even if you have the data, what can you do about it? PEQs have no effect
on CF, and AEQs have proven too expensive, especially large ones tidineaequired to
compensate for differences in GFartunately, the BEQ provides the answer to both questions.

Regarding the first question, it is not really necessary to obtain the plot for each cell as in Fig. 1.
All that is actually needed are pldts the worst cell and the cell average, such as plots A and B
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in Fig. 228 describes an automated low cost procedure that can be used to obtain these two plots,
using the same battery with a BEQ for both plots. By changing the software, a BEQ can be
operded either as a BEQ or a PEQ. On the first cycle, the battery is charged using the PEQ and
then discharged. The PEQ discharge capacity is recorded to provide the first point for plot A in
Fig. 2. On the next cycle, the battery is charged using the BE@andlischarged. The BEQ
discharge capacity is recorded to provide the first point for plot B. The process is continued

using the PEQ and the BEQ on alternate C/D cycles. This provides an automated life test that can
be run 24/7 with very low labor requments.

The BEQ is also the answer to the second question. Previously, there was no known EQU that
could economically provide operation on plot B in Fig. 2. Now the BEQ is available for this. As
seen from Figs. 1 and 2, there is not much reason to use #BE¥s since the cell capacity

spread in this region is fairly low. However, if the SL cell capacity spread is wide, as in Fig. 1,

the BEQ can be of great benefit. It is also noted that when a battery reaches the end of its SL life
and isreplaced,theeep| acement battery can stild/l use the
be replaced when the battery is replaced.

48 Mubenga, N.; Stuart, T., Capacity Measurements for Second Life EV Batteries, University of Toledo, January 2022.
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WORLD RESOURCESINSTITUTE

On behalf of théVorld Resources Institutand itsElectric School Bus Initiatiewe appreciate
the opportunity to offer comments to the California Environmental Protection Agency (CalEPA)
and theLithium-lon Car Battery Recycling Advisory Group on theal Draft Report

SUMMARY FEEDBACK:
A We emphasize these two elements as ne@ggdor a successful recycling program:

o0 a clearly defined chain of battery responsibility throughout the battery life cycle
from manufacturing until the endf-life and beyond

0 data transparency including physical labeling, digital identifiers, and nsaive
data processing to enable safe and efficient dismantling

A We strongly support:

o the producer takback policy

o the core exchange and vehicle backstop policy
A We recommend:

0 supporting state incentives to prioritize job skills training on battegclieg and
growinga nascenlithium-ion battery (LIB) recycling market istate

A We encourage reconsidering:

o circular economy and quality recycling policies, which are critical to maximizing
reuse andrecyclability and minimizing environmental waste

A Such principles can be supported further through additional CalEPA
studies that could then inform voluntary gdides developed jointly with
industry.

A The Platform for Accelerating the Circular Economy (PACE), hosted by
WRI, offersinsights on circular economy applications for electrgnics
which can be applied to LIBa thestate.

WRI overall supports the policies proposed, which have the potential to reduce reliaiage on
material extraction, prevent toxic or hazardous safety conditions, create Californian jobs in
the nascent battery recycling industry, and aid in training opportunities for communities.

A WRI supports the key issues and concerns raised by the Advisory Group and need for
urgent action on LIB recycling:

o0 The consequence of not enacting any lithilmm carbattery recycling regulation
could lead toenvironmental contamination, battery storage hazards, and other
detrimental outcomes. The benefits of recycling include strengthening a domestic
supply of raw materialsjiverting wasteand creating economic opgunities by
supporting a new industry.
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California contains 42% of the U.S. electric vehicle (EV) fleet and the need for
battery responsibilitpolicies are urgent. The state should consider drafting policies
that carbe easilyadapted by other statesregions.

A WRI supports clarity of l{ion battery responsibility in the following scenarios from the

report:
0

For vehicles under warranty, vehicle manufacturers are held responsible for
reusing, recyclingor repurposing batteries. Ensuring that manufacsuhave
proper plansind storag@rotocols for LIBs will be key for this scenario.

WRI supports the producer takack policy, which has the automotive
manufacturetake responsibilityat the EOL and then transfers that responsibility
as needed.

A This policy simplifies the chain of custody and centralizes battery
responsibility.

WRI supports the core exchange and vehicle backstop policy faf-oudrranty
vehicles, whictsegments responsibility for EVs in service and those reaching end
of-life (EOL) to entities performing removals, battery suppliers, dismantlers, or
vehicle manufacturers.

A There may be potential areas that require further analysis and defirgtlb@=Ms will take
considerable responsibility across the battery life cycle, inclualitgjde ofwarranty periods,
by how much might this increase retail EV prices?

(0]

Are there ways to prevent the supply chain from avoiding LIB recycling
responsibilityin California?

A For example, could state officials create a deposit/refund system for new
EVs registeredn the state to make it uneconomical to ship batteries out of
state.We encouragéurther analysis to understand EV cost implications.

Will the recommened policies apply and be consistently implemented across
vehicle classesom light-duty to heavyduty and for onand offroad vehicles and
equipment?

A Data transparency and traceability across the battery value chain will require spebiéying
typesof data and stakeholders that need to be engaged in data verification

(0]

0]

0]

Physical battery labeling requirements in addition to a digital identifier would allow
for universalability to identify LIB chemistry.

Addressing data gaps such as battery chemistry, battery condition, and battery
safety guidelinesvill enable quicker disassembly and data transparency.

An efficient and more accurate diagnosis of batteries at EOL will help save time
and costs, improvindie business case for recycling and reuse.

Data shared by battery manufacturers, suppliers, OEMs, third party battery
diagnosis tools will need to be standardized and verified to ensure trust across the
value chain.
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o If proposed third party data verificatis occur through an online database system
or throughnonprofit/university partners, it is important to ensure an equitable
approach todata sharing and eligible third parties.

0 We suggest the potential use of tools like the International Dismantfogiation
System IDIS) or the EUsupported Battery Passport for EV batteries. This would
provide visibility over materials and component construction of batteries to ensure
end of life recyclingcan bestandard.

A Skills training for safe battery disassemishould be made accessible to all communiies
While the report notes the need for training programs to safely work with EOL velicles,
emphasion battery disassembly training made widely accessible to all commumdidd
ensuresafe handling acrogke supply chain.

o Handling EV battery disassembly can be a dangerous task if carried out by
untrained andtr uncertified technicians. Unlicensed dismantlers need to be
engaged to ensure trainiagd prevensafety incidents.

o Training programs should bmade available online and through technical and
community collegeswhich will accelerate upskilling and participation in the
emerging EVbattery recyclingand reuse marketplace.

A State incentives to support the battery dismantling, repurposing, andnigogehpanies
shouldbe implemented

0 These incentives can mirror CA state investments made in themassion
vehicle manufacturingector like grants and loans.

A Promote and reconsider circular economy principles like design for reuse, recguting,
repurposinglespite lack of majority advisory group votes

0 Processes to increase ease of@idlife dismantling and reuse, consistent with
circular economyrinciples, could be voluntarily encouraged among battery
suppliers andrehicle manufacturersncenives like innovation grants or R&D
funding may aid in this effort.

o CalEPA could consider additional data, advisory group development, and analysis
for future circular economy policies following the initial proposed LIB Recycling
policies.

WRI and its Electric School Bus Initiative thanks the Advisory Group for accepting public
commentsand developinghe policy proposals. WRI welcomes the opportunity to further
support these efforts.
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