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\(2)‘ Call2Recycle and Battery Solutions Overview

\i} Battery Solutions and Call2Recycle are two of the largest and most experienced
battery recyclers in North America

Battery Solutions is a for profit corporation providing collection, sorting and
processing operations for large and small format batteries of all types

Battery '
Solua’ons

Call2Recycle, Inc. is a 501c4 non-profit product stewardship organization,

wsen. TUNded by the battery industry and consumer electronics industries, providing
collection and recycling services for rechargeable and single use batteries up to
11 Ib. per battery

nla Both Battery Solutions and Call2Recycle serve local government recycling
programs as well as businesses, retailers, and public agencies

VY Battery Solutions and Call2Recycle have a joint business venture whereby
L\ Battery Solutions sorts and processes the majority of the consumer batteries
collected through the Call2Recycle program by its customers

\
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Battery Macroeconomics

Marketplace Growth of Consumer Batteries

*» 3 billion batteries sold annually in the US (USEPA)

* 80% single use (primary) 20% are rechargeable THE WALL STREET JOURNAL

_ _ Batteries Are Taking Over the World
* Rechargeable batteries are regulated as a Universal

The battery industry is surging. But picking investment winners will be exceedingly hard

Waste

* Lithium-ion is rapidly replacing NiCd, and to a lesser
extent, NIMH, SSLA for consumer cordless electronics

* Larger, more powerful Li-lon batteries are becoming
more common (40V- 60V) with higher watt hour

ratings
* Both rechargeable and single-use batteries are s — —
recyclable:
e Rechargeable recoverable metals: lead, cadmium, R w107 conens
nickel, lithium, copper, cobalt, iron/steel Updated Nov. 29,2017 322 am. E1

e Single Use: zinc, manganese, steel, lithium, copper

A
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Types of Consumer Batteries

Nickel Metal Hydride
(NiMH)

Lithium-ion (Li-ion) Lithium Primary
Batterys * ol recycle
Solutions (2 IECYC 4

Nickel Cadmium
(NICd)

Lead Acid
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\(2)\ Alkaline/Zinc Carbon/Zinc Air
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Solutions

Battery Type How it’s Recycled Secondary Commodities
= —ES— e '

'A

Mechanical process
at room temperature

Zinc Manganese Concentrate
(ZMC) for fertilizers
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\&" Nickel Metal Hydride (NiMH)

Battery Type How it’s Recycled Secondary Commodities

Mechanically de-husk
the plastic from the
battery pack

Nickel is used as raw material
in the production of new Ni-
based metals used in
products such as cookware
or major appliances (also
aerospace industry and
corrosive environments)

-
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o Cells are

2 sent for

U

U nickel

-y recovery "
Plasticis  through a Plastic is ground into
sent for proprietary pellets for future use in
recovery  ihermal plasti(; .pro.ducts and
metal wiring is recovered
process

for manufacturing use
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\&" Nickel Cadmium (NiCd)

Battery Type How it’s Recycled Secondary Commodities

Iron and nickel is
recovered for steel
production

Pyrometallurgy:
consists of the thermal
treatment of minerals and
metallurgical ores and
concentrates to bring

\
Battery\
Solutions

callZrecycle

about physical and
chemical transformations
in the materials to enable
recovery of valuable
metals.

Cadmium is extracted
and can be reused in
new batteries
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sz\ Lithium-ion

Battery Type How it’s Recycled Secondary Commodities

' qnmsumc

A
Battervs _  call@recycle

M O

Pyrometallurgy (thermal
process to separate
metals) and/or
hydrometallurgy (uses an
aqueous solution to
separate metals) aimed to
maximize the recovery of
cobalt and other metals:
nickel, iron

Cobalt can be used to
make new batteries

Nickel

lron
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\(2)\ Lithium Primary
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Same sizes as alkaline or zinc carbon
but lasts 5x longer than alkaline and
10x longer than zinc carbon

Battery\ \

Solutions callZrecycle

FRONT INSIDE

v

Y

Batteries are broken
down using a shredder

or a high-speed @

hammer mil

under inert
conditions
The contents are
then submerged in
caustic (basic not
acidic) water

This caustic
solution neutralizes
the electrolytes,
and ferrous and
non-ferrous metals
are recovered
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Lithium carbonate used to
make lithium ingot metal and
foil for new batteries

Scrap metal



\(2)‘ Lead-Acid

Battery Type How it's Recycled Secondary Commodities

Batteries
ﬁ are
vlopened by
a hammer- Lead, used in the
mill and fall production of new
{Cv\)} into a vat batteries

Plastic pieces

Iare scooped out

' and cleaned Sod|um sulfate a Whlte
‘ .y power using in laundry

detergent, glass and
Lead sinks and is textile manufacturing

recovered by
smelting

Sulfuric acid is
treated and
converted into

sodium sulfate
©2018 Call2Recycle, Inc. & Battery Solutions, LLC All rights reserved.

Plastic °eIIets used to
manufacture battery cases
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\(2)\ Battery Collection

*Small volume users served via
ground carrier shipping using UN
rated and certified storage and
shipping containers:

¢ Call2Recycle has two sizes of boxes
(20-30 Ibs. and 40-60 Ibs.) with a fire
resistant box liner

e Battery Solutions has three sizes of paills
(55 Ibs., 35 Ibs. and 10 Ibs. as well as
collection tubes

°Large volume users are served
with bulk shipping programs using
freight carriers

\ .
\
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\(2)‘ Nationwide Collections
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\(2)‘ Batteries: What’s changing and Why?

- Landslide move by consumers to products that are mobile/cordless

- American’s obsession with smart phones, iPads, tablets etc. for instant
access to information and communication

- Batteries for these devices are lighter, smaller, contain more
energy/power, charge faster and hold longer charges

\
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\('2)\ Changing Battery Chemistries = Changing Impacts

- Decline of NICd: Lessening of toxicity
Impacts

- Popularity of Li-ion: Fewer environmental,
more safety impacts

- Battery fires are in the news and
becoming a recognized issue for some
consumer products (CPSC recalls)

- Battery safety and fire issues are
Increasing for waste transport, processing
and disposal and even battery recycling

A
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BATTERY BEWARE

; Al
NEW LITHIUM-ION CONCERNS IN WAKE OF LAPTOP EXPLOSIONE. | JODAY;

Laptop explosions caught on video spur new concerns
about batteries

FFFFFFFFFFFFFF
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\(2)‘ Why are Safety Incidents Increasing?

* As more mobile products using batteries (e.g. toys, tools, electronics) are
sold, batteries are flooding the market

* Battery chemistries can be hard to identify making it difficult to know
which are hazardous and require special handling

* As the power of batteries increases and sizes shrink (energy density),
damaged or defective batteries release more energy

* Sales of counterfeit batteries, which are more likely to cause safety
incidents, are increasing

* The design of products, affixing a more powerful battery into a smaller
product, creates a premium on design and, in some cases, increases risks

» Batteries are being damaged in processing of waste streams

* Heat from short-circuited lithium-based batteries cause fires

Y
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\(2)\ Terminal Protection is a MUST

*US DOT requires the following
batteries terminals be protected
from short circuit before transit:

eLithium primary batteries

eLithium-ion batteries with
exposed terminals

oLead-acid batteries
e Any battery over 9 volts

*Use clear tape or clear bags

See U.S. DOT49 CFR 173

\ . .
Battervs _ callrecycle  for more information
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ldentifying Damaged Lithium Based Batteries

Watch for lithium-based batteries that show signs of
damage such as swelling, smoking, leaking or overheating

Do NOT put damaged lithium-based batteries in a
collection box or drum for recycling with other batteries.
Immediately put them in an absorbent, non-flammable

material (vermiculite) in a cool, dry area.

The U.S. DOT requires special packaging for shipping defective, damaged or
recalled (DDR) lithium-based batteries, see U.S. DOT 49 CFR 173.185(f)

\
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Lithium-ion Thermal Runaway In Recycling

Ecomaine fire shows why putting lithium- : : S
ion batteries in trash is a really bad idea KEVS to Li-ion SEIfEtV in FEEVE'II’I_EI.

When damaged, the rechargeable batteries in computers, mobile phones and power [ VI g I | a n C e I n S C re e n I n g fo r n O n -
tools can ignite with a result that could be catastrophic. . .
conforming material

* Quickly remove hot/flaming
batteries from collections

e Conventional firefighting techniques are
generally ineffective (water can prevent
spread)

- Cathode and anode produce O, at elevated
temperatures

e Focus on separation and containment

« Large event: spread out batteries over a non-combustible
area (preferably outside)

. « Small event: if possible, smother in fire-proof container

« Combustion products are harmful, minimize exposure

\
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This video is about My Movie
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Lithium-ion Safe Shipping

e breris e camplsof comoged. * Battery Solutions offers DDR recycling
el g pr the US DOT eulatiors options from 4.4lb. through HEV/EV
e s o of e o battery options

batteries

» Call2Recycle offers DDR recycling kits
R that hold up to 4.4Ib.
; ﬁ » US DOT Special Permits
. | e Call2Recycle: DOT-SP 16563
.ﬂ//"fﬁa““”ii_ﬁ”_b'f‘_eﬁﬂmw.55.,ght.yb.oated e Battery Solutions: DOT-SP 20584

* Educational materials
e Videos on safe handling

DOT-SP 20584
Damageda’DMve

Lithium lon Batterie:
Prohlbut,ed Arcraﬁ

Mé6461

A
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\(2)‘ Lithium-ion Technology

Battery VD
Solutlons

UNIVERSITY OF

MICHIGAN

Battery Solutions and University of Michigan Research Engagement

SofM / UofM UofM - Dearborn [l UofM Battery Labjll UofM Capstone UofM SCIP

(State of Mlchlgan\

(SofM) grant

* Conducting
lithium-ion research
on thermal runaway
events

* Goal: create an
internal Li-ion
safety strategy and
establish BSL as a
Li-ion thought
leader

(CT scan

research project
on state of
health for
lithium-ion

* Goal: find the
most efficient
avenue to reuse
and repurposing

(Leveraglng \

information and
resources of the
Battery Lab
*Goal: act as an
extension of our
engineering
department

(Two projects: \

* Discover the
state of health
(SOH) using X-
ray, ultrasound,
etc.

*Build a
statistical
model of SOH
based on
battery
origination

(Market

intelligence
research project
to asses the
variety of 18650
cells

*Goal: develop
the aftermarket
audience for
reuse and
repurpose

A
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\(2)\ Safeguarding Your Facility

* Expect to see lithium batteries at your MRF, transfer station, landfill, etc. and
develop a management plan

e |solation kit advisable for compromised/damaged lithium ion batteries
(DDR Kit) available from both Battery Solutions and Call2Recycle

e Educate consumers to use battery drop off site and collection events for
safe recycling and refrain from disposing lithium based batteries in the trash

e Train staff: Access our safety training PP at e Battery Solutions’ online hazardous material
www.call2recycle.org/safety-training training for customers (coming soon!)

e Promote Call2Recycle’s zip code based  View Battery Solutions’ video and
Collection Site Locator educational materials on safe handling:
(http://www.call2recycle.org/locator/) to https://www.batterysolutions.com/resource
your residents s/lithium-ion-safety/

Batters *  call@recycle ~ ~
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@' Charge Up Safety™: Consumer Education

— Batﬁe%n; Damaged, Defective or Recalled (DDR)

- Flame retardant box ==

These batteries ane all exarnples of damaged
bmﬁ-MMhhl'ﬂtd nulllglndnq“
i the US DOT

T e Cells are bloated and breaching

- Terminal protection guidelines ==— - o B

Swollen cell phane battery
Narmal cell phane
battery

- Box Anomaly Reports (BAR)

Minimum Terminal Protection Guidelines

SHIPPING IN CALL2HECYCLE BOXES R - T

e s ot o Covie v, St 111 | These res can reach temperatures of 900 degrees
e e — e nglisaf;ns SR rhton s Court 818 E. Auto ConterDrve Site 11

oMMy l‘fh‘ J’R"P'I i ity b o I w ’ 800.852.8127 customerservice@batterysolutions.com : DDR Uth[um_ion Baltsn'eg
BATTERY TYPE / GHEMISTRY TERMINAL PROTECTION REQUIRED? oekzroaychorgéboky Damaged, Defedtive and Recalled Bettery Recydiing Kits

es must e packaged indiidually Lsing a special kit for safe
transport per the LS. DOT 47 § 173.185(f) regulations. & is

Avold the spark! pacage and ship immediately, as they an a fire hazaed,
Rechargeable ” z 2 :
h % Nickel Cacmium (Ni-Cd) 8V or Less = ND [drop in the box) WD = & rxﬁﬁg‘:‘dﬂﬂmm mon, visit
% i \* Mickel Matal Hydnde (Ni-lH) Greater than 9V = YES E.ﬂu'_- i b uuln!nllnrm
Nickel Zinc NI-Zr) EE“?]‘U'I'EEB | :_::‘;;::J“L‘Mawamhmamu i
& . ; iRecydle kit CORSmI iFecyle it DDRLage
Primary iSelect sites anly) 12V or Less = ND IMP nthe hn’} Sl rretsl canfits mutiple cell 5 gellon dedl drurrfits mutiple ol
1 i = phone Iaptop and teblet batt eries I . tabet and I bt
Mlbkaline & Carbon Zinc Greater than 12V = YES = e » Mgi:um.,:m- . Mprm sptapm aﬁpm::( eries
o i : 4. admume
REQUIRED i A Frfiag il

FI RATTERIFS: ﬁm-ulq
Sy P .
ot kel

i. Rechargeable T
o Smell Sealed Lead Acid &
(SSLAPH)

g . Lithiurn fur (Li-loriy
=

- All = YES  se——
Termil prrescr
REQUIRED

SPECIAL ORDER ONLY (S0 or more)

Primary (Select sites anly)

‘ Lithiluim (1) CelBlenz: beemaadenkd be dipped wan ol [EEIba]
“ Buttan/Caln Cell o i 288 30 o sl o e sy,

(drop in the bowx)

AR o Sovtn e e e, dy e iRecycle Kit DDRA00 iRecydle Kit DDRY'6 iRecycle Kit DOR1
i M st o, 565 gallon 2 el drumfits multiple cell Fits9cell prone or osll phone  Fitsone cell phone or cell
phone, lsptop, tebiet and larger betteries betteries or 6 laptop betteries hone batt
Mapd rum weight: 400 pounds. Dimensions 13" Lx8" Wx&'H Dimensions F'Lx 8 Wx8H
FEMRIDER: s Dimensions 34,5 Height, 2225 Diameter  Prioe $13996 arvant g gy PR S75.55 st v e

Fiicer $1439.56 s shippine)

\
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W@" Charge Up Safety™: Consumer Education

- Safety videos

- Safety portal

- Consumer outreach events

Help Lead the Ct
NATIONAL
BATTERY DAY

oy

Talk sbout battery

Lisacing the chages o rscwcling”

A
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SAFETY

ety im 2 core feret of Bre Coll2Recyde® program and is ieflecked
OPETElans. W Ane COMMItted 10 e sataty of e employees, colact)

y aspet ol our daiy
8, IMANEpOnErs, INCLESmy
sewards, sorlers and processors rslved i the ussd baltery collecien and recyding process. As the
pramier Noeth American batiary recysing program, CalizRecycle is continually improsing ifs satsty poifcies
i best praciices 1o ensure we pralect both peoge a0 e ervicemen,

Wi imate: yews b join s andg CHERGe U SMety in your resyeing efforts! This sstety potal shares oo
best pracives and resources on haw o improve recydling salely, whether you are a large busess,
municipaitty, retaler, communty cenler ar censumer. Test yaur knowecge whih cur safery raking lessan,
i it iy dameged baltenes faquie specisl packaging. Doweioad aur collacion ana quidaines. Get
resdy 4o chamge LA the satety of your racycing!

T L

Collections & Safety Training

Shippin Test your safily knowledge, induding how
9 10 hiag and tapa batl whal cantainers

Leam about th o ble e whiat mistakes to avold

o bateries for shioping.

LEARN MORE

Ba

Damaged, Defective
& Recalled Batteries

will your damaged.
i whict

waycling safaty by
cuestions and
saloly resourcos.

LEARN MORE

rRcuiTe SpecAl

: N rAGUINETENTS.
LEARN MORE

Battery Safety University

Battery Prep 101

callZrecycle

Leading the charge for recycling:

& Youube {2
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Battery Solutions:
Damaged, Defective, and
Recalled (DDR) Battery Module

« DOT 5P 20584

Hazardous Material Regulstians « DOT 5P 16532
45 CFR Parts 100 - 180 « DOT 5P 20331

= DOT 5P 16011

ion imposes
DDR lithium

ing regulations:
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Frargs of

A
ngﬁt'?‘ Home VisiStore Services Capabiliies Sec. Commodity Resources  Recyeling Info

ons

ccept  Packaging Instructions  Lithium-ion Batte:

About

Lithium-ion Battery Safety
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\(2)\ Documentation and Reporting

Confirmation of Reclamation (COR)

Upon completing each recycling job,
you receive a COR documenting your
batteries were recycled per federal,
state and local regulations

Reporting

Customizable reports based on your
needs providing you with the statistics
that mean the most to your business

Record Keeping

Secure storage of all documentation
for 3-years

\
Battery\
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enerator:  SAMPLE

Generator EPA |D Number:
Date of Receipt: 12/01/2016

Shipping Document Numi

Customer PO/Ref. Num

Confirmation of Reclamation

'+ MAK-000-000-000

ber: K123456

ber:

edeal state and local laws, i and
ocess f al ycle, y Cal yoe, Inc., which ini for used battery
d Lo and ion, P ion, ion, and recychng; due di
environmental audits of faciities a ind and the program
envirenmental | Fws.
Gl A
Carl E. Smith, CEQ & President
5900 Brighton Pines Court | solution:
HHHHHHHHHHHHH 800.85!
Culbfucyl Lol o fcyetog -
P s o
P = r zm = s
I I I sninal
e
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RECHARGING THE PLANET,
RECYCLING YOUR BATTERIES.
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\(2)\ The Rewards of Battery Recycling
~ @ Batterys
calk2rrecycle Solutions

* 501c4 non-profit, funded by the battery

» 26 years of battery recycling

industry | | experience

» 22 years of pattery recycling experience - North America’s largest battery

* North America’s oldest and most recycler, processing 50 million poundes,
recognized product stewardship annually
organ.lz.atlon _ » Our 25" anniversary marked an

* 144 million Ib. of batteries recycled from estimated 1 billion batteries recycled in
14,000 customers that time frame

» Partnership with The Home Depot, * Award-winning for spreading the word
Lowes, Best Buy for consumer about the circular economy of battery
rechargeable batteries recycling, at the World Economic

» 86% of US residents within a ten mile Forum __
radius of an active Call2Recycle drop WORLD /e
off site ECF g)rsé%mm
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\®\ Questions?

—~ e Battery\ b
cali2recycle Solubions

Tim Warren Paul Hernley
US Regional Account Manager Lead Engineer
twarren@call2recycle.org phernley@batterysolutions.com
\
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