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1 EXECUTIVE SUMMARY, RRS OPINION, POLICY IMPLICATIONS
“Battery technology has outpaced thermal protection…”1

A very serious fire, property damage, and human health threat to Shoreway Environmental Center (SEC), the
SBWMA Residential Recycling Collection truck vendor (Recology), and Ox Mountain Landfill has evolved from
low risk to high risk, and is increasing every day. This paper focuses on the issue at the Shoreway Environmental
Center Material Recovery Facility (MRF) and corresponding collection program. Certain best practices and
considered policy changes, which are appropriate to SBWMA members, may lower the risk.
A recent statement by a top-level battery industry/waste industry working group that convened in Washington,
DC, summarizes, “The growth of the consumer Lithium-based primary & rechargeable battery market, and the(ir)
lengthening lifetimes… has resulted in an increasing frequency of dangerous, sometimes catastrophic, incidents
caused by the improper disposal/recycling of Lithium-based batteries by households nationwide. These include
fires in trucks and at recycling plants, transfer stations, and landfills. This situation is endangering lives and
creating costly damage to facilities and equipment.”2. Fires from Lithium-based3 batteries are happening almost
daily at Material Recovery Facilities (MRFs), transfer stations, collection trucks, and landfills throughout the U.S.
The largest private waste companies have begun tracking their own data and have expressed increasing alarm4
because of the sharp rise in incidents.
The U.S. solid waste management system, and SBWMA in particular, are not set up to follow the transportation
industry’s clearly defined Li-based battery transportation and handling compliance standards (in one of hundreds
of instances, the International Air Transport Association has strong guidelines on their website
(http://www.iata.org/publications/store/Pages/lithium-battery-shipping-guidelines.aspx). These best practices
require specific training, preparation effort, handling knowledge, and warning labels for any movement of
bulked Lithium-based batteries. Though SBWMA residents are urged to prepare Li-based batteries for
residential collection in individual plastic bags with taped terminals/metal connections, placed on top of the blue
recycling cart, in the Authority’s curbside recycling collection system, individual compliance with those rules is not
universal. The rest of the system for handling is bulking for transport and rapid movement. This involves
transferring and dropping batteries into larger storage buckets and boxes- not full preparation by
transportation industry standards. And, in the worst case, if batteries end up mixed with other materials,
especially subject to high fuel sources like mixed recyclables, they are subject to high compaction/crushing and
contact with other metals and sharp implements, and may be easily damaged, which can cause short circuiting
and fires/explosions. Consequently, the respective U.S. systems and SBWMA have unacceptable exposure to
fire risk when batteries enter the residential collection system.
SBWMA’s residential recycling system feature of collecting Li-based batteries in clear bags at the curb magnifies
the risk. Batteries are collected similarly through many Bay Area programs, though such programs are rare
nationally. Though recycling rates for batteries are outstanding in SBWMA member cities, many residents
currently do not follow required packing protocol, mix batteries with recyclables and/or trash (as was proven
by their discovery at the Shoreway MRF in the survey below), or hoard batteries because they are not sure what
to do with them. This is probably due to residential turnover, language barriers, confusing labels, conflicting
public messages discovered by this study, and the effort required (all need to be measured).
This is an Opinion Report. The broad nature of this report requires the disclaimer that RRS found sources for its conclusions wherever possible,
and the paper is the opinion of RRS today for the underpinnings for needed policy changes to lower imminent risk. The opinion is based on
opinions expressed by those surveyed, interviewed, or involved in the report, and sources publicly available. Information on the risk may be
incomplete or not completely vetted by some of these sources. The battery industry for as far back as can be researched, has uniformly put
forth great effort to allow understanding of the issues involved in handling Li-based batteries, and is highly cooperative and forthcoming
towards mitigating risks associated with batteries in N. America. The design of a proper system for spent Li-based battery recovery is beyond
the scope of this document.
1

Pasztor, Andy, “NASA’s Work to Head Off Battery Blazes in Space Finds Uses on Earth”, Wall Street Journal, July 22, 2017, Quote from Keith Cochran, Vice
president of global business from Jabil Circuits, Inc., an $18+ billon manufacturer for HP, Xerox, NASA and IBM.
2
Meeting Prep Notes, Washington, DC Lithium Battery Working Group, August, 2017
3
Different chemistries are used for different purposes. In a very short time, Lithium chemistry batteries have become the dominant chemistry for portable and
single use, long-term applications.
4
Confidential interviews on magnitude of the issue at MRF Operations Forum in Chicago, Ill, Oct. 8-9, 2017.
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1.1 EXECUTIVE SUMMARY OF ISSUES
Part 1 of this document details public research into the characteristics and hazards of Lithium-based batteries.

1.1.1 Nature of Li‐based Batteries
Lithium-based batteries are powerful, flexible, and popular human tools which do amazing tasks. The incredibly
fast cultural diffusion of usage and diverse functions of Lithium-based batteries makes them one of the most
important technologies of the 21st century. Most prized has been both the ability to store more power (energy
density per unit) and their evolution in becoming lighter, thinner, generally more mobile, and delivering
performance for longer periods, increasing human access and mobility. Consequently, they have experienced
high growth and consumption, which continues to increase rapidly. These conditions have come with a very
important consequence- their thermal protection has not kept up with the stored energy they possess.5. Risks of
fires and explosions are an inherent characteristic of Li-based batteries in exchange for their gifts, especially
when they are not properly constructed or properly handled. Though the public risk is small when used properly
for the functions the batteries were designed for, the challenges when subject to the solid waste/recycling
collection system are much greater for Li-based batteries.
The magnitude of the risk is increasing rapidly, with the very strong, twin, positively reinforcing conditions of
greater power within lighter batteries, and their usage growth. With greater usage, more and more Li-based
batteries also enter the recycling and municipal solid waste (“MSW”)/recycling streams nationally, and those
serviced by SBWMA. In the latter case, it happens despite strong efforts in regulation, education, state landfill
bans, instructions on local websites, and warning labels. There is also a delay in the potential impact because
the lifespan of batteries entering the municipal system is approximately 2-5 years. The greater number of newer,
more powerful, and lighter batteries, with thinner protection- ones in use today- will be arriving in the next 2-5
years. Therefore, present conditions in MRFs understate future risk, where battery fires are now increasing
rapidly.
Battery industry literature uses terms like ‘improper handling’, ‘abuse’, ‘unintended purposes’, and ‘lack of careful
procedures’ to describe the conditions under which fire/explosion hazards from these devices can occur. Careful
handling is the de jour warning on Li-based batteries, and all product websites and packages carry the necessary
disclaimers; and this applies during their normal use and when the batteries are spent. After useful life, in many
cases there is still power contained in these storage devices (at least 5-10% of energy density) and careful
handling remains important. There are 30,000+ different kinds and chemistries of these batteries with varying
degrees of instructions, from explicit warnings to no instructions. Other industries (logistics, transportation, etc.)
have increasingly and more vociferously recognized the potential for hazard when they must be handled.
Protocols banning these devices where incidents may take place, or carefully detailed instructions on training,
packaging, labeling, marking, and shipping such materials is standard from the IATA to FedEx, whether spent or
useful.

5

Pazstor, Ibid.
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1.1.2

Li‐Based Fire Risks in the Solid Waste System

The frequency of fire incidents is increasing in the North American solid waste and recycling systems. Fire Rover’s
October 9, 2017 newsletter states, “Waste & Recycling Facilities saw a 13% increase in reported fires this
summer. That is an equivalent of 80+ fires!6” Though hard evidence is difficult to uncover due to under-reporting
and litigation, the circumstantial evidence is overwhelming. The main causes, according to MRF operators, are
Lithium-based batteries and, second, pressurized propane cylinders. Evidence exists that ~1% of all MRFs
experience major fires (over $1M in losses) due to Li-based batteries every year, and that number may be much
greater. Truck fire total losses7, transfer station losses, landfill fires, and waste to energy losses are also occurring
at increasing rates for the similar reasons. Insurance companies are increasingly involved, and the results in
increasing losses and premiums (like SBWMA experienced because of their fires) can be catastrophic8.
The problem has become so urgent that a cross-industry action committee formed in Washington, DC this summer
between the battery industry (Portable Rechargeable Battery Association (PRBA), Call2Recycle, CRB, Panasonic
and others) and the solid waste industry (Solid Waste Assoc. of North America (SWANA), National Waste
Recycling Association (NWRA), and Institute of Scrap Recycling Industries(ISRI)). In their first working sessions, this
group unanimously cautioned that no battery should ever enter the residential solid waste/recycling collection
system because the danger of fires is too high, and the system is not designed for careful handling9.
The research undertaken herein uncovered the prima facie conflict between safe management of spent Lithiumbased batteries and traditional solid waste system service methods (currently employed by SBWMA vendors).
The way waste and recyclables are handled in modern solid waste systems is intensely physical and powerful
Li-based batteries cannot be handled that way. The process includes:






Jostling/dropping, as batteries are thrown into a bucket, transferred into a larger storage container, or
dropped underneath elevated sort lines for further storage through the current SBWMA separate curbside
collection, or through automatic dumping as batteries are collected in the carts in the solid waste system;
Compacting/crushing in a truck compactor or underneath the wheels of front-wheeled loaders;
Mixing with liquids if not captured separately in plastic bags at the curb;
Commingling with acids and alkalis like bleach, ammonia, battery acid, or other reactive compounds;
Frequently coming into contact with other adjacent metal objects if not collected separately or by being
improperly prepared (more than 1 battery per plastic bag in separate collection).

These activities are obviously not careful handling. Furthermore, commingled with large fuel sources (plastics
and paper), a short-circuited battery that goes into thermal runaway (exploding or venting fire as an energy
release), in a MRF or a truck is a hot torch that may spread quickly to adjacent cells or fuel sources.

6

Fogelman, Ryan, “Updated Report Sept 2017: Waste & Recycling Facility Fires Data for US / CAN”, Fire Rover Newsletter, October 9, 2017
“Garbage truck fires in Cleveland prompt action- Improper disposal of household hazardous waste is a culprit in the fires”. Waste Today, June 29, 2017
8
For instance, most recent recycling industry case, Paben, Jared, “Deals reached in battery fire litigation”, e-Scrap News-Resource Recycling, October 12, 2017
9
Lithium Batteries Waste Management Meetings, Washington, DC, July through September 2017 (See Group notes in Appendix)
7
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1.1.3 RETHINK WASTE CURRENT CartSMART PROGRAM AND LITHIUM‐BASED BATTERY
VECTOR
The risk from Lithium batteries is amplified by the SBWMA residential recycling battery collection program, which
has exemplary battery recycling, but has not changed methods with the incredibly fast evolution and spread of
lithium-based battery technology and its inherent risks. What was ten years ago a relatively safe and effective
option for collecting batteries at the curb is now considered a dangerous practice by battery experts. The
Portable Rechargeable Battery Association (aka “Rechargeable Battery Association” or “PRBA”) and
Call2Recycle now adamantly state that this should never be done. Even collected correctly (terminals taped,
individually wrapped, placed on the top of the container), the ways batteries are packed, handled, transferred,
and bulked for offtake shipment at Shoreway MRF is risky.
Residents receive messages that batteries are recyclable on the label of the battery and through public media
outlets. They are further told they can recycle them on the curb by member cities in SBWMA, the San Mateo
Health Department, and in legacy SBWMA communications media. SBWMA residents internalize those messages
and while most properly prepare the batteries for recycling, not all do. Though this study did not have funding
for resident surveys, it is suspected that well-meaning residents place batteries unprotected directly into their
MSW cart or, more often, the recycling cart. The residents may do this because:
 They are confused with the messages received from SBWMA.
 They are confused with the labels on batteries which expound recycling and caution on putting batteries
in the trash.
 They feel preparation for separate collection takes too much effort.
 The smaller CartSMART pay-as-you-throw garbage carts fill and they want to dispose of their batteries.
Each hour 5.48 li-based batteries on average are found in the Shoreway Environmental Center MRF mixed
with paper and plastic fuel sources throughout the facility as a result.

1.1.4 Summary Statement
All the above trends and conditions are surprisingly complementary; from them RRS ascertains that more and
more powerful batteries are entering the Shoreway Environmental Center MRF on SBWMA-vendor trucks at
increasing rates, and current collection methods and communications magnify the risk.

1.2 PART 2 TESTS AND SURVEYS CONDUCTED FOR SBWMA
RRS conducted a series of scope tests and surveys, engaging with members of the broader professional U.S.
solid waste and battery communities, and documenting SBWMA’s current practices.
The hypothesis of the study was that Li-based batteries should not enter the curbside solid waste or recycling
systems. There is simply no way to effectively manage them in that process. In a few short months since beginning
the study, the research is accelerating towards a positive conclusion on the hypothesis. From every major sector
involved in Lithium-based battery lifecycle management, it has been overwhelmingly supported by circumstantial
evidence, the experience and attitudes of system practitioners, the tests performed in this study, and the industry
public record. New data has continued to emerge in the last six months during the study as well.
In fact, the completed activities in the RRS scope helped catalyze energetic responses, including increased
Shoreway (SBR) vendor awareness, an urgent cross-industry working team and other collaborations, the planned
release of an on-line Safety Program by the top industry association group (Call2Recycle), clearer statements
by the battery industry of the inappropriateness of putting batteries into the solid waste and recycling system,
and closer tracking by MRF operators of the presence of Li-based batteries and fire events.
Existing data sets on Li-based batteries are either private or non-existent, necessitating the need for baseline,
exploratory work. Though the threat is severe, other than some initial British work (see “Waste Industry Safety
and Health Forum, Reducing Fire Risk at Waste Management Sites, 2017”) that is quoted secondhand below,
corroborating field data is relatively opaque, and much more analytical work needs to be accomplished.
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Additionally, critical data from SBWMA residents is needed to develop proper messages once a policy approach
is decided upon. The scope by SBWMA was broad by design and not very deep into any given subject area.
The broad look is only cursory- however, RRS cannot escape the conclusions that Li-based batteries should never
go through the U.S. or SBWMA residential collection systems without very explicit guardrails: from the methods
used to collect and high user awareness, to enforcement and continued education.

1.3 RRS QUALIFIED OPINION
RRS firmly believes that a series of policy and procedure changes are required to offset a growing risk of fire
and safety from the lithium-based batteries entering Shoreway Environmental Center MRF, the transfer station,
and the recycling and MSW residential CartSMART collection programs. This risk is imminent and requires
immediate action or more costly fires will occur with more regularity.
There is 100% alignment in the MRF industry value chain that lithium-based batteries are a likely cause of
increasing recycling system fires. This is also causing the greater industry to mobilize in a big way. Additionally,
there is increasing transparency by battery makers, CPGs, and their associations that the risk is large and
increasing in the solid waste system. They are embracing stronger language and collaboration with the solid
waste value chain to solve the issue. This could be an opportunity to increase the responsibility for managing
Lithium-based batteries through the local value chain, including the manufacturers, for public training, disposal
systems, and funding methods needed to manage spent batteries.
RRS recognizes that the problem of lithium batteries in MRFs has not yet found a scalable answer and the
resources needed to change the system are not yet in place. However, there are actions which can be taken
locally in the short term. RRS suggests the following steps be taken in a formalized, multi-faceted battery
mitigation plan that becomes part of the SBWMA Operating plan:
1. Immediately strengthen education and enforcement around the continuing battery collection program and
promote resident alternatives for other collection methods (i.e. Call2Recycling drop off sites). This is a
maintenance necessity for all successful recycling programs. As importantly, provide education and
enforcement that will reduce batteries entering the solid waste and recycling facilities mixed with other
materials to reduce risk. This effort should be on-going and always funded. With resident turnover and the
efforts residents must put forth to either properly prepare the battery or dispose of it, it is not foolproof.
2. Give serious consideration for significantly changing or terminating curbside battery collection which magnifies
fire risk; noting however, that eliminating the collection program does not completely mitigate the fire risk,
but only the risk magnification due to method. RRS believes that current methods of collection cause more
MRF fires from batteries. RRS also understands that the current curbside collection methods are popular and
successfully allow SBWMA to achieve very high recovery rates.
3. Research and obtain outside resources who have a stake in the outcomes to sponsor pilot programs, deeper
studies, local communication, media plans, and other activities to affect behavioral change to the greatest
extent possible.
4. Expand accountable 24-hour fire watch systems into the Shoreway Environmental Center, whether mechanical
or human. Interviews and literature showed that battery fires can occur at any time, not just operations, once
the heating point is reached (short circuit, compression, etc.) where batteries begin thermal runaway.
5. Provide continuous strengthened training to MRF stakeholders for identification and incipient fire response.
This includes regular and multiple driver and vendor training protocols.
6. Regularly audit and measure the amount of incoming batteries. Also, when contracting with vendors, require
downstream disposal/recovery markets reporting the number of lithium-based batteries they receive (beyond
just the weight). Include glass markets, battery recovery markets, and other channels, if available, and
measure Lithium-based batteries in particular. Expand counting and reporting to all parts of the current
SBWMA system, fires and recovered batteries in collection, transfer, and landfill sites, in addition to Shoreway
Environmental Center.
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7. SBWMA has taken a leadership position with regards to this issue. The Authority should continue national,
state, EPR participation, and testimony on the risk of Lithium-based batteries from confusing labels, lack of
recycling outlets, underfunding of alternative disposal/recycling, and confusion in proper household handling.
It is a public risk and the public owns the Shoreway Center, and SBWMA is the steward. You have the bully
pulpit, a victim’s experience, and passion. SBWMA’s immediate need is to fix the present collection system.
It also needs to ramp up the pressure for more disposal options and greater understanding of the right
disposal channels from battery makers, some who might treat the threat as an externality to be paid by
others. This necessarily includes wider political action.
8. RRS realizes the problem is bigger than the SBWMA collection system or Shoreway Environmental Center
(SEC) alone. If batteries cannot enter the solid waste/recycling system, what is to be done with them? The
spread of lithium-based battery technology and capability is a world-wide phenomenon. Insuring the
underpinning of safe disposal channels, which are transparent and fully funded, is required. The +35,000
drop off centers (both public and private industry-funded retail sites) and handful in the SBWMAA service
area are hardly making a dent in the flow of batteries. RRS notes that Call2Recycle, the industry collection
agent, indicated it spends about $21M per year in N. America collecting a relatively small percentage of
rechargeable and single use batteries- some estimates show about 14 million pounds (out of over 170 million
pounds of rechargeable batteries alone in the U.S.10). At Call2Recycle’s $1.50 per pound cost, current
collection/recovery channels are not adequately funded.

1.4 NOTES ON POLICY IMPLICATIONS and OPTIONS FOR POLICY CHANGES
Policy options are complicated because the current SBWMA residential battery collection program is very
successful and popular, and not dangerous until recently. Changing a popular, proven program has its risks for
the changers. New policies are required because of the evolution of the issue and the batteries themselves,
which have gone from a non-existent or mild to extremely significant fire risk, and are now causing fires in the
Shoreway material recovery facility (due to SBWMA management emphasis and this study, SBR, the facility
vendor, has been monitoring every fire/smoldering event and keeping a detailed log which verifies this fact).
The issue on the surface is simple- reduce the risk of fires from Li-based batteries in the Shoreway MRF. Carefully
honed policy must balance any change in current collection methods, with consequences of batteries going
elsewhere than where they are going now. Some changes may actually exacerbate batteries mixing with MSW
or mixed recyclables. Listed below are some important shorter-term considerations. Though by no means inclusive
and outside the scope of this report, some of the below should be considered for effectiveness, and a prioritized
calendar of actions for the development of policies created:

1.4.1 Producers of Lithium-based batteries
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Development of local industry battery council to mitigate risk to the greatest extent possible
in concert with SBWMA, noting producers and CPGs who feature portable electronics, are
community members and residents. Solving this issues benefits these groups in the long-term;
Local legislative alternatives ranging from outright bans and label requirements, to required
funding from industry groups in the Solid Waste, Battery, portable electronics, and insurance
sectors, to move this ‘dangerous good’ after use to a higher level of stewardship and
accountability;
Continued push for state-legislated alternatives from EPR, to specific handling, to take-back
requirements by the industry, by SBWMA and neighboring MRF operators;
Requirement for more visibility and local convenience access for alternative and safer
disposal/recycling of Li-batteries through those channels (i.e. Call2Recycle);
Requirement of Industry to develop true and safe recovery of this universal waste which
currently has no true recycling solution in the U.S. according to Call2Recycle.

Kelleher Environmental for Call2Recycle, “US Consumer Battery Sales & Available for Collection 2014 to 2020”, 2016
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1.4.2 Residential Users of the Current Residential Collection Program







Develop behavior change strategies that reduce the current risk into policy initiatives through
targeted and funded research;
Provide options that are as convenient and effective as the current collection program.
Among them consider existing third party collection options like “Curb my Clutter”
(https://www.curbmyclutter.com),
“At
Your
Door”
boutique
recycling
http://www.wm.com/enterprise/municipalities/community-solutions/at-your-door-specialcollection.jsp), or other web-applied route targeting program. Consider separate containers,
different colored containers, separate collection strategies, etc. Provide for alternative
funding methods or greater appropriations;
Develop and provide regularly-needed education and enforcement (feedback) for residents
targeting these materials; this is a maintenance requirement of any residential recycling
program;
Provide a ‘mission’ atmosphere, i.e. “Save our MRF”, for residents to rally around.

1.4.3 Residential Collection Providers


Develop language in new contracts on proper handling and identification, and batteryhandling method requirements which are updated for the emergence of Li-based batteries;
 Annual required training on the identification and handling of batteries from curbside
through unloading at the MRF;
 Reporting all battery-related events for tracking by the vendor to SBWMA;
 Regular meetings and updates on Li-based MRF counts, changes in collection methods
planning and execution;
 Potential use of drivers, designated enforcers, or supervisors for limited and
appropriate enforcement of battery set-outs and packaging requirements, i.e. periodic
audits within carts, leave behind reminders (either positive or negative), refusal to
service inappropriately packaged batteries, etc.

1.4.4 SBWMA



Consider legislative calendar and develop action plan for policy changes decided upon;
With the Bay Area having a cluster of battery recovery programs within their recycling
collection systems which are similar to SBWMA’s, bring together a regional task force of
vendors and municipalities from other programs to verify and communicate the issue, to
provide any additional best practices, and to harmonize any program changes. This
alliance will allow simple messages, insure actions are consistent, and allow SBWMA greater
political clout when required.
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PART 1
2 SUMMARY OF LITERATURE- NATURE OF LITHIUM-BASED BATTERIES,
USAGE & FIRE HAZARD
2.1
SUMMARY OF HOW LITHIUM BATTERIES WORK
DURING THEIR USEFUL LIFE
Pure Lithium (symbol Li) is the lightest and least dense metal, and the first
metal in the Periodic Table of Elements and Chemistry, with an atomic
number of 3, after Hydrogen and Helium. Lithium has the greatest
electrochemical potential (amount of work needed to move a unit positive
charge) and provides the largest specific energy per weight of any metal;
because lithium is the third-smallest element molecule (only hydrogen and
helium are smaller), a lithium ion can carry a positive charge in a very
small space.
It is also an inherently unstable material with three electrons bound by
electromagnetic force to a nucleus containing three protons, along with
either three or four neutrons. Its isotopes have a very low binding energy
level. Lithium is also actively corrosive and the only alkali metal that reacts
with nitrogen (the most common terrestrial gas) at room temperature.
Because of its reactivity it is not found in its pure form in nature.
Lithium’s lightness and reactivity make it unique for moving positive and
negative currents from cathode to anode in a battery. Though thought a
predominant player in the universe’s Big Bang, on earth it is a rare metal
and usually found in isotope
form.
Its uses besides
batteries are as a high
technology chemistry agent,
special lubricant because of its
Figure 1 Nomenclature: there is some confusion about
low melting point, and as a
Lithium-based batteries because of the names of the batteries
and when they were introduced. There are two types,
component of very advanced
Lithium metal and Lithium-ion. Lithium-metal is a
aircraft
construction
disposable, single-use battery.
technology to reduce weight.
Relatively
new
to
commercialization, Lithium production has increased from 110 tons
per year to over 77,000 tons in just 100 years11.
Figure 2- Battery University, with the most information on the
There are two general types of Lithium-based battery cells: primary
(single-use Lithium metal), and secondary (rechargeable Lithium-ion).
One cell, or a set of cells which are connected to each other and
communicate with each other through electronics, make one battery.

11

web about how batteries work, has this simple diagram which
sums up the Lithium battery technology for both Lithium-metal
and Lithium-ion battery configurations in BU-204- “How
Lithium Batteries Work”. For Lithium ion batteries, the
chemistry in the cathode is different.

A, Esperger, Maxwell, Moscoco, et. al, “The Lithium Industry- its recent evolution and prospects”, University of Chile School of Mining, 2010
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2.2 PRIMARY “SINGLE‐USE” LITHIUM METAL BATTERIES ARE DISTINGUISHED
FROM RECHARGEABLE BATTERIES. BECAUSE OF THE INHERENT INSTABILITY
OF LITHIUM METAL, THEY ARE USED ONLY IN SINGLE USE APPLICATIONS.
Until recently “button” or “cap” Lithium metal batteries were the predominant type of this battery. They can be
configured to have a very long discharge period and are used in hearing aids, pacemakers, watches, computer
clocks and motherboards, for example. One use which has received recent attention is the electronic cigarette.12
Primary Lithium metal batteries increasingly include cylindrical “A” through “AAA” 18650 battery configurations
for uses in single battery applications like flashlights and razors. They also offer 9 Volt configurations for uses
like Fire Detectors and Remote Controls. Growth is tremendous in this sector is very strong and latent demand is
tapped by frequent television ads.
The predominant Lithium-metal button batteries are characterized by a cylindrical metal case and look like a
thick coin or button. They can carry twice the voltage of alkaline or NiCad coin cell batteries (1.5V vs. 3-4V),
and hold power longer. These one-use, typically long-life batteries contain organic electrolytes that interact
with a pure Lithium cathode. Under normal conditions, the chemicals used in these batteries are contained in
sealed assemblies. They can have different Lithium-metal chemistries and electrolytes. With the use of Lithium
metal compounds, Li primary batteries exhibits higher energy storage and discharge life than Lithium-ion
batteries, but no ability to recharge safely. In fact, mishandling or treatment during charging, discharging, or
disposal can cause outgassing of some of their contents, and potential thermal runaway, causing explosions or
fire registering over 1,000 degrees Fahrenheit.

2.3 SECONDARY “RECHARGEABLE” LITHIUM‐ION (“Li‐ion”) BATTERIES USES
Batteries using Lithium-ions (sometimes referred to as Lithium salts or Lithium derivatives) are slightly lower in
energy density than Lithium metal, but allow recharging. Li-ion batteries have morphed to pack more energy
into smaller, lighter units for longer periods of time, and have a seemingly endless ability for custom multi-cell
configurations- characteristics that have spurred ubiquitous growth. Many of these batteries are fixed or
embedded in electronic devices, toys, and tools, and cannot be easily removed. Many can be replaced and
come in standard cylindrical casings. They are also increasingly being used in transportation- electric and hybrid
cars, airplane back up systems, space aeronautics, and boats. Finally, large banks of cells are being used for
electrical grid storage. Lithium-ion batteries also include various cell form factors such as the cylindrical 18650
cells, or series of cells most prevalently, prismatic (i.e., flat, rectangular), and pouch (also called polymer).
In a healthy Lithium-ion battery, ions flow freely between a cathode (positive) and anode (negative). Charging
the battery causes Lithium-ions to flow through electrolyte solution- salts in flammable organic solvents like
ethylene carbonate- to migrate from the cathode through a micrometer-thin porous polymer separator and
finally inserting themselves in the anode. Charge-balancing electrons also move to the anode but travel through
an external circuit in the charger. On discharge, meaning when the battery is used to provide power or is losing
power, the reverse process occurs, and electrons flow through the device being energized.13 Eventually all Liion batteries fall into "deep discharge," at which point the battery's protection circuits are triggered. This
prevents power from reaching what the circuits are reading as “defective” battery cells. At this point, the battery
is unable to charge at all. Li-ion batteries will wear down over time, holding less and less charge. “Apple says
its laptop batteries will reach 80% of their original capacity after “up to” 1,000 full discharge cycles. Other
manufacturers rate their batteries 300 to 500 cycles.”14

12

Lawrence A. McKenna Jr. Research Group, “Electronic Cigarette Fires and Explosions in the United States 2009 – 2016”, National Fire Data Center U.S. Fire
Administration, U.S. Fire Administration, FEMA, July 2017
13
Jacoby, Mitch, “Assessing the Safety of Lithium-Ion Batteries, Chemical & Engineering News, 2013
14
Hoffman, Chris, “Debunking Battery Life Myths for Mobile Phones, Tablets, and Laptops”, HowtoGeek.com, Oct, 27, 2015
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2.3.1

LITHIUM‐ION POLYMER BATTERIES (AKA LITHIUM‐POLYMER BATTERIES)

Lithium-polymer batteries are a subtype of Lithium-ion batteries and are often lumped together when discussing
their properties. They have soft pouch casings consisting of foil, plastics, and other materials. They can contain
different types of electrolytes and are designed to be ultralight. Most Li-polymer cells use a gelled electrolyte
to be conductive at room temperature. Other than the electrolyte, Li-polymer batteries use the same chemistries
(Li-cobalt, Li-manganese, etc.) as other Li-ion batteries. Li-polymer batteries can store a high amount of energy,
which is released at a higher output for a lower duration compared to Li-ion batteries. The packages are popular
because of their lightness and ability to mold during manufacturing for specialized uses into different forms.
They are useful in applications such as power tools, drones and robots and are a fast-increasing type of Libased battery.

2.3.2 LI‐ION BATTERY DISCHARGE
Most rechargeable Lithium-ion batteries never fully discharge; even at the end of their useful life, they still hold
a charge. Batteries of both Lithium metal and Lithium-ion do fail over time- after a single use for Lithium metal,
and after a number of cycles for the Lithium-ion family. There are smart circuit chips in many batteries that limit
discharging to a 5-10% “dead” level, and do not allow the battery to work below that limit, even single use
batteries. This is necessary for allowing Li-ion batteries to recharge, since full discharge would make the Lithiumion cell unable to power up. If the device that the battery is powering is no longer working (think crashed drone
or hearing aid dropped in water) the battery could hold more energy than 5-10% of capacity. It must be
assumed there is always energy stored in Li-based batteries.

2.4 LITHIUM‐BASED BATTERIES‐ EXPONENTIALLY GROWING AND POPULAR HUMAN TOOL
“Today’s Lithium-ion battery – enables tweets from the front lines of war and police videos that stir protests. For better or
worse, batteries make possible our mobile-first lifestyles, our screen culture, our increasingly globalized and hyper
connected world. Across the planet, billions pour over glowing screens, totally untethered and free to roam as they
please.15”

Lithium-based batteries are “prized” and “power our high-tech lifestyle”16. In a dance of technosynthesis with
humans, these democratizing power storage containers have become an extension of our sense and reach of
person. No longer bound to short life, power loss at rest, and limited muscle, they give us a tipping point increase
in personal portable power, fingertip knowledge at all times, connection, and, the ability to shrink distances. So
important are they to our life, they may be compared to the fire our ancestors carried between settlements,
which allowed safety, cooking, and the ability to clear landscapes for farming. They have also allowed landmark
advances for many other human tools, and literally keep hearts beating. The literature and prose of the last ten
years on the expansion of potential uses from industry watchers and historians is overwhelmingly full of such
adjectives about their impact and departure from older battery technology.17
The Lithium-based battery has brought about an evolution in convenience and technology because of its
advancing properties. There are several reasons for its rapidly increasing popularity:
 It is the lightest battery, using the lightest metal or metal compound as its basis for storing positively charged
energy;


It is the most powerful battery- with increased energy density and energy storage ability, far more than
other battery technologies. For instance, it stores twice the energy of the most advanced Nickel metal
hydride cells, and three times nickel cadmium cells. It also can be configured to maximize the actual heavy
load power available to a user that is much superior to the best alkalines;



The Li-based battery has the longest potential cycle/use life (power discharge) with certain chemistries like
Lithium metal in primary applications and Lithium-ion in secondary applications;



Li batteries also have the slowest self-discharge when not in use. After 20 weeks Lithium-based batteries
still maintain 80% of their charge, while, generally, other recharging batteries can lose over 80% of theirs;
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The charge/recharge cycle is faster and superior to the cycles of the other types of rechargeable batteries
(NiCad and NiMH cells), without the use of heavy metals;



It does not require full deep discharge before recharging, allowing shorter charging time; the resistance to
charging unless fully discharged in the old battery technologies makes them inferior to Li-ion, which can be
recharged at any point in the discharge cycle effectively;



It is highly flexible in types and chemistries; unlike alkaline or N-based, by changing chemical components
for the task at hand, Lithium-based batteries can be custom fit to the recipient use of their energy;



The cost has come down dramatically. Although it is still the most expensive battery, it now costs less than
20% of the $/kWh cost of just a few years ago.

“What’s more, efficiencies continue to improve, often faster than most observers had predicted”18. In fact, all
these trends are increasing positively, though power increase may slow due to theoretical limitations19. In short,
Li-based batteries are becoming more powerful, lasting longer, discharging less rapidly, and getting lighter as
uses multiply, and they continue to rapidly decrease in cost with scale.

2.5 LITHIUM‐BASED BATTERY INDUSTRY ACCELERATING GROWTH AND COST‐SCALING
Note: There is abundant information on the current robust markets and increasing future sales for Lithium-based batteries
on the web and in every tech magazine these days. However, only Call2Recycle and Battery University (through Freedonia
Research), both industry supported entities, have unit numbers. Call2Recycle themselves, totally supported by the battery
industry, often notes this lack of transparency in reporting battery units and battery tons consumed by the industry20. RRS
has tried to corroborate numbers with a sampling of the many other reports available to obtain a clearer picture of markets.

Growth- Sales of Lithium-based batteries, especially
Lithium metal cylindrical primary batteries, Lithiumion, and Lithium polymer rechargeable cells, are
growing at a very healthy and rapid rate. World
growth in consumption is estimated by the industry at
10-12% per year (PRBA)21.
“According to Transparency Market Research (TMR)
the global Lithium battery market is poised to rise
from $29.6 billion revenue in 2015 to $77.5B in
2024 (267% increase).”22 In the U.S., market
researcher Statista23 reports market size has
increased from $1.5 billion in 2001, to $10B in 2015,
and will increase to $15.6B by 2020- tenfold in 20
years.

Figure 3 Battery University Website:
http://batteryuniversity.com/learn/archive/battery_statistics

The most quoted projection in terms of revenue growth is that the market will reach $24B in 2024. Some feel
that it will double (up to $30B) based on emerging uses.24 “Apple alone is going to add an estimated three
billion mini Lithium-ion batteries to the market with their new AirPod wireless headphones over the next ten years
(See: "Apple's New Wireless Headphones Could Be Tough to Recycle"). German supplier Robert Bosch GmbH
and Japanese battery partner GS Yuasa Corp. aim to sell a Lithium-ion battery by 2020 that slashes production
costs in half and delivers twice the energy density of today's batteries, a top Bosch executive said (See: "Bosch
18
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Sees Big Opportunity For Lithium Ion Batteries").”25 A whole new dimension of use is also opening up with the
storage of grid energy according the Scientific American: “the technology is preparing for unprecedented growth
in the United States over the next several years. As much as 1,800 megawatts of new energy storage — mostly
from Lithium-ion batteries — is expected to come online by 2021, according to GTM Research, which tracks the
sector for the Energy Storage Association. That's eight times larger than total U.S. installed energy storage
capacity in 2016 and should translate into nearly 5,900 megawatt-hours of stored electricity that can be
dispatched quickly to address power outages, shave peak demand charges or simply enhance grid reliability,
according to experts.”26
Primary batteries (i.e. non-rechargeable) account for about 90% of all batteries in the world in terms of units,
and overall primary battery use is still growing. Single-use battery shipments in the United States were estimated
at 5.4 billion units in 2010 (Battery Summit 201127). In 2014, 6.33 billion were sold (Call2Recycle28), a 16%
growth curve over four years. Though cheap alkalines predominate this market, Lithium primary batteries are
increasingly taking market share against last century’s stalwart consumer batteries. Lithium-metal outpaces the
growth in the overall primary battery market. Today, Primary Lithium batteries are commonly used where their
increasing power (Lithium batteries with high energy density, can produce 1.5 volts similar to alkaline batteries.
all the way up to 3.7 volts) and longer service life are especially important. A growing fraction of Lithium
primary batteries, about 165 million, are sold in the U.S. (Call2Recycle29), and it has recently shown an
accelerating growth rate of 4.5-12% (depending upon the source). Just over 20 million were consumed in
California, at a per capita consumption rate pf 0.51 per person per year.
Lithium-ion Batteries- Though 4.5% growth of primary Lithium batteries is impressive, the real growth of Lithiumbased batteries lies in secondary (rechargeable) batteries, primarily driven by the growth of tablets, phones,
toys, the emerging electrical vehicle market, and personal portable devices (Battery University). From almost
non-existent Li-ion batteries 20 years ago, numbers have increased; approximately 367 million were sold the
U.S. in 2016. Based on a reported +7-11% growth rate (depending on the source), which is expected to continue
through 2024, the market will nearly double in Li-ion battery consumption. Over 44.3 million are consumed in
California, at a per capita rate of 1.12 per year.
Cost- In this extraordinary growing market for batteries, the reduction in cost per unit with increasing economies
of scale is also extremely impressive for Lithium-based batteries- positively reinforcing and driving new sales.
This is especially true in new markets, like electric
cars, drones, and household chore robotics. In
fact, “prices for Lithium ion batteries have
plummeted.”30 Unit cost in two important areas
used to track Li-based battery cost demonstrate
the dramatic drop in price and are most
commonly used by the industry:


$/kWh- “In 2008, analysts estimated that
Lithium-ion battery packs cost $600-1,200
per kWh”.31 The cost dropped to $500-800
per kWh by 2012, and was cut in half
($240/Kwh) by 2015. Just recently and
dramatically it has reached new lows:
$140/kWh in June of this year 32, and now
in September of 2017 is producing “over

Figure 3 One of Many Li Battery Cost Reduction Models available on the web (this one from Battery
University) proving out the incredible scaling of this business
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73% cheaper”33 than 10 years ago in the $120 range per Kwh. Casings, chemistries, and reduction in mass
of each unit have contributed to this trend.


Watt per Kg- During the same time, power or energy density measured as Watt per kilogram (an index of
raw power) has gone up over 60%, and is also rapidly increasing at a rate of 5-8% per year, though
theoretical power limits are starting to set in.

2.6 LI‐BASED BATTERY LIFECYCLE AND IMPACTS OF GROWING PUBLIC INVENTORY
“Credible and consistent data on post-purchase consumer behavior regarding battery storage and use, hoarding
of spent batteries, and disposal channels for spent batteries are not available in the public domain.”34 And
evidence of detailed information seems to dictate that. The California Product Stewardship Council website
states, “Studies show that people store used, dead, or corroded batteries because they inherently know they
have value and should not be thrown in the trash.”35 However, recently Call2Recycle has published the most
comprehensive look at battery lifecycle available, defined by them as “The length of time between the purchase
of a consumer battery and when it is available to recycle is a combination of the active life of the battery, the
ability to remove the battery from the device, and any period of time when the battery is stored or ‘hoarded’”36.
Results are based on only a few sources and may not be accurate for several reasons. Canada Stewardship
Ontario estimates the life of Lithium-ion batteries at 1.75 and five years but shows no data in a published RBRC
report, and this does not seem to include longer life computer and cell phone applications37. However, they are
the only analytical work outside the laboratory, directionally, correct, and troubling for the purposes of this
report:










Lithium-metal primary batteries- 42% of are disposed/recycled over the first three years from purchase,
leaving an inventory of 58% per three years of purchase. Only 2/3 are disposed/recycled in the first five
years. Single use batteries are more likely to cycle to disposal more quickly;
Lithium-ion batteries- Only a quarter of are disposed in the first four years after consumption. It takes
seven years to go over 50%. Li-ion batteries don’t reach a disposal rate of 80% until 15 years has passed;
Lithium-ion batteries stay in the market long after sales occur;
Disposal and recycling of batteries today reflect historical purchases and do not reflect the immense growth
in the industry in usage or power;
Since good field data besides this study is unavailable, some speculation is worth considering. Independent
research on the actual lifetimes and hoarding habits of Lithium-based batteries in the U.S. is hard to find.
Rough numbers from divergent sources (including the EPA) only suggest;
About half of all consumed batteries (about three billion out of 6.9 billion) enter the waste stream (alkaline,
Ni-based, Li-based, and lead/acid);
75-92% of Lithium-based batteries are not recycled but rather disposed in some way (numbers also
depending on the source of information, for instance CalRecycle may be on the low side, and Call2Recycle
is on the high);
Of the 532 million U.S. Lithium-based batteries consumed, the number of batteries that enter the waste
stream in the same year is probably far less, perhaps under 20% in a given year, or roughly 100 million
(30-34,000 tons), of which less than 5-25% are recycled (depending on the source of information).
An accumulating inventory of ~80% of consumption for each year times the growth in the industry suggests
(the preceding four-years growth compared to the current year) should be used to predict the volume growth.
Notably, the curve of growth in the increase in power per Li-based battery is similar and the impact because
of that second variable may stimulate more dangerous hazards.
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2.7 SUMMARY
The use of Lithium based batteries is growing rapidly by every measure; its popularity and attractiveness is
unquestioned. Usage will, at minimum, double in seven years. The power (and potential explosiveness of the
battery) is increasing by much the same rate, and the cost is decreasing rapidly. The combination of these trends
is self-reinforcing to the issues SBWMA faces with battery management.

2.8 LITHIUM‐BASED BATTERY & THE POTENTIAL FOR EXPLOSIONS AND FIRES
Note: Except for the recalls (Samsung 6; Hover Board; 101K Laptops HP recalled in January of this year38) and spectacular
incidents (Tesla Electric Car Fires39), there are no easily obtainable numbers that are credible to calculate absolute risks for
Lithium battery fires. Reports are scattered and only done as exception for large events. Public and Private agencies like
the U.S. Fire Administration and National Fire Protection Association have begun compiling analytical data that is useful but
the required field surveys and studies are yet to be completed for the great extent of Lithium-based uses (chemistry and
form configurations of Li-based batteries are in the thousands of variations). Defenders of batteries often point to impressive
actuarial data which indicates that Li-batteries are relatively safe when used as intended. However, just from anecdote
and media coverage, there seems to be an underlying megatrend issue. The warning signs are everywhere in the media,
on the web, demonstrated on You Tube, and in the technical manuals of laboratories, airlines, and battery websites. Every
credible public agency from transportation to NASA has special handling and response procedures to mitigate the risk from
these devices, while still relying on their unquestioned utility. And, concurrently, every large battery manufacturing
organization researched is trying to improve the thermal protection of Li-based batteries as they cultivate more power
from these devices- in a race against the rapid expansion of uses and types.

Lithium-based batteries are miraculous for their power. Despite their energy capability, Li-based battery
manufacturers have managed to increase their safety; reported fires and
explosions are very rare when these household batteries are used in dayto-day conditions. The prestigious Underwriters Laboratory published a
recent report which states “the overall rate of failures associated with the
use of Lithium-ion batteries is very low when compared with the total
number of batteries in use worldwide”.40 According to some sources,
“…batteries are statistically very reliable. ‘There’s a lot of mythology in
the area of Lithium-ion battery safety,’ says Brian M. Barnett, a battery
safety specialist at Lexington, Mass.-based technology development firm
Tiax ... ‘Failure rates for rechargeable Li-ion batteries are on the order
of one in 10 million cells’, he says. ‘That’s not a reliability problem. It’s an
exception.’”41 Similar reports abound.42 However, these assertions mask
the complete lifecycle of battery use, and what happens once batteries
are no longer useful to the application intended.
Figure 4 Warning labels are present on most Lithium-based
batteries. This is a typical current prototype.

Despite the considerable safety margin during normal use, high risk is
persistent. For instance, in 2017, Consumer Reports stated, “…The FAA report(ed) that, on average, one of
these (Lithium-based battery) fires occurs every 10 days.”43 The CR article is a good example of the anecdotal
numbers and events that raise eyebrows when compared to the actuarial data. “Though the chance of any one
device igniting is slim… the unique characteristics of battery fires pose serious challenges for cabin crews.
‘Battery fires are particularly dangerous because they burn very hot, they can emit toxic byproducts, and they
tend to flare up even after it seems like they’ve been extinguished,’ says Consumer Reports chief scientific officer
James H. Dickerson, a physicist and former administrator at the Department of Energy’s Center for Functional
Nanomaterials at Brookhaven National Laboratory.”
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Batteries have started fires in homes44, businesses45, and cars46. They have also caused injuries (for instance, “A
considerable number of incidents and severe injuries is reported, as well as the revelation of a previously
unrecognized hazardous condition — electronic cigarette and battery explosions in pockets”47 and death48; a
whole legal sub-business has sprung up to litigate for claimants, the prime targets being e-cigarettes, button
batteries, and cell phones. The New England Journal of Medicine blames e-cigarettes for facial injuries,
explosive impacts, and burns.49 For the last five years (from 2012-2017), the U.S. Consumer Product Safety
Commission recorded “21,687 safety incident reports (in) 483 primary product codes involving free or imbedded
Li-ion/Lithium/Polymer categories”, including over 3,000 computer, over 2,000 cell phone, and over 400 power
bank incidents.50 These are anecdotal because they are just the reported incidents that make their way to the
Commission.
The same report states that there have been 49 recalls involving some 4,232,808 products utilizing Lithium-ion
batteries because of malfunction and potential for fires and explosion. Finally, the report focuses on imported
batteries and the lack of manufacturing standards to protect consumers. A bevy of work is being done because,
though there are well-developed manufacturing standards for computers, cylindrical primary batteries, and cell
phones, there are few Product Standards for the speed to market shown by the newer Lithium-ion products
(drones, vacuum robots, etc.).
M. Eisler at Slate.com sums up the risk of fire and explosions, “Sometimes the Lithium genie gets out of the bottle,
with potentially catastrophic consequences. This happens more frequently than you might think… The result has
been a protracted consumer product safety crisis.”51 It is a threat when it does to a recycling facility.
When batteries do fail during normal use, the outcome can be catastrophic.52 And the circumstances, like the
Boeing 787 battery scare in 2013, where two instances of smoke and flames were reported, are enough to
change protocols and practices. Concerns with exploding batteries now are investigated with all airline crashes
as a possible cause. And yet the issue is not solved, although blue chip science teams at places like the Argonne
National Laboratory Advanced Lithium Battery Technology group are trying to provide early warning of
potential danger because “safety must be addressed at the full system level.”53 A general acknowledgement
from the University of Science and Technology of China notes the trade-off of power and risk associated with
Lithium batteries, “With the extensive applications of Lithium ion batteries, many batteries fire and explosion
accidents (have been) reported.”54
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2.8.1 SOURCE OF BATTERY FIRES IN LI‐BASED BATTERIES
To pack so much into such small places, Li-based batteries use the most reactive metal in the universe for their
ability to store a positive charge (Lithium or a chemical derivative of Lithium). They also contain electrolyte
compounds harboring highly flammable organic solvents (as a catalyst), allowing the flow of power from charge
to discharge to charge in the battery. In addition, they hold a residual charge even when they register totally
discharged due to limit circuits. The major hazard in Lithium-based battery technology is the potential for fire,
resulting from the extraordinary power-holding explosiveness/flammability of its internal substances. Other
hazards (chemical burns and toxic gasses) also exist with battery failure55. And, despite the relative safety when
used as designed, major challenges in performance and safety still exist due to the occurrence of internal short
circuits when transporting or disposing. The technology inherently and implicitly recognizes the risk- Li-based
batteries are designed to “vent” flames so explosions won’t occur.
A simple and precise look on how fire starts in Li-ion batteries is available on labelmaster.com56;
“If a lithium battery is damaged, either through physical abuse, excessive heat or short-circuiting, it can enter
what’s called “thermal runaway”-

Figure 5 Labelmaster Diagram showing how Lithium-based battery thermal runaway occurs

1.
2.
3.
4.
5.

Heating starts.
Protective layer breaks down.
Electrolyte breaks down into flammable gasses.
Separator melts, possibly causing a short circuit.
Cathode breaks down, generating oxygen.

This fiery chain reaction is fueled by lithium’s basic reactive nature and can be very difficult to extinguish as the
amount of available lithium increases. “Fires from Lithium-based batteries burn from 450 degrees F to 1,300
degrees F in Lithium-metal Batteries. This is hot enough to cause conjoined cells to ignite and spread rapidly.

2.8.2 PRIMARY LI BATTERIES HAVE HIGH CURRENTS AND VOLTAGE, AND BURN HOT
A rapid discharge from failure due to overcharging, damaging, or short circuiting a primary Li-metal battery
can result in overheating at 900 to 1,300 degrees Fahrenheit, rupture with gas and flame outflows, and even
explode when under compression. Heat rise from this kind of battery can spread quickly and erupt if
uncontained. Uncontrolled flames from Lithium ignition can jump from the source, bounce off of inert barriers,
and jump to new sites. Many public agencies and fire prevention groups have engaged in field tests on these
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power sources. For instance, Federal Aviation Administration tests have shown that when a single cell in a battery
pack undergoes thermal runaway, its heat causes adjacent cells to do likewise.

2.8.3 LI‐ION BATTERY TECHNOLOGY IS MORE “FRAGILE” IN THE TRUEST SENSE OF THE
WORD, ESPECIALLY AFTER NORMAL USE
The evolution of battery cell technology to be continuously thinner, lighter, and more powerful has allowed for
more portability and capability. The trends, however, reduce the ability to protect from the greater power
releases in newer generations of these devices.
At the core of the issues is the thin polyethylene separator (“separator”) that keeps electrodes from contacting
each other and short circuiting the battery. The separator is the line of defense against combustible gas release,
corrosive electrolyte release, fire up to 700-900 degrees Fahrenheit in rechargeable batteries, explosions, and
thermal runaway in one or multiple cells. If the separator is breached due to stress, the energy in a battery
flows into the electrolytes. The highly flammable electrolytes quickly heat up from the stored energy and their
own combustion. The rapid expansion of the heat source caught in thermal runaway spills over in multi-cell
batteries from the source to other cells, where the excessive heat causes breach, and so forth to remaining cells.
Separators also inhibit controlling “dendrites” in the battery, while offering minimal resistance to ionic transport.
Over time, increases in battery power has meant less room in the battery for separator material, and more room
for reactive materials (i.e. reactive, flammable electrolytes and Lithium compounds), thinning out the margin for
safety.

2.8.4 MAIN CAUSES LEADING TO BREACHING OF THE SEPARATOR OR SHORT CIRCUITING
OF LITHIUM‐BASED BATTERIES (PER MYRIAD SOURCES57):








A defect inside the cell which causes the cell to heat up at the location of the defect;
A defect inside the cell where metal or other chemicals, which should not be present, causes the cell to heat
up:
Exposing the casings or internal battery parts to moisture with some Li-based chemistries;
Recharging too fast or too much; causing a “plate out” on the anode, creating growths called dendrites that
may bridge the electrodes;
Damaging, abusing or mishandling a battery- crushing, puncturing, dropping, running over, cutting, exposing
to strong acids/alkalis, etc.;
Improperly disposing with other materials which could damage casings or terminals;
Unprotected battery terminals. For instance, putting it into a pocket containing coins, can openers, or memory
sticks, anything metal, or otherwise exposing the positive cathode terminals to other metals. When a battery
comes into contact with other batteries or metal, a spark or excessive heat can occur;



Outside heat or internal battery heat, causing the flammable electrolyte to generate gases that may react
uncontrollably with other battery materials.
Except for the first three bullets, all of the other conditions may happen after the battery’s useful life has been
consumed, removed from its host device, and delivered to the solid waste system.

2.9 MEASURES TO REDUCE RISK
Precisely because of the increased ability to hold energy, and the potential for short circuiting, Lithium-based
batteries require very careful handling. Overwhelmingly, every industry website, public sector, and independent
technical manual on Li-based batteries speak to this need58, something the curbside solid waste/recycling system
is not designed or equipped to do. Unlike its ancestors (NiCad, Ni metal hydride, and alkaline), which continue
57

Concordia University, Woods Hole Oceanographic Institute, Battery University, Call2Recycle, et. al.
For instance, see Battery University, BU 304a: “Safety Concerns with Li-ion”, Call2Recycle.com, Ibid.
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to discharge even when not being used, the punch packed in a Lithium battery by the way it is constructed remains
at a minimum of 5-10% of charge, and sometimes much more if not discharged before disposal. Though other
batteries do have residual chemical and fire hazards associated with them, the increasing and superior Lithiumbased batteries ignition/explosion potential is well documented.
By and large the entire commercial transportation sector in the last few years has put sharp controls to
unregulated shipment of Li-ion devices. For instance, the “Lithium Battery Risk Mitigation Guidance for
Operators” guidance, put out by the International Air Transport Association (IATA), states, “…Though widely
used, much of the general public – even public traveling by air – are not aware that Lithium batteries are
dangerous goods and can pose a safety risk if not manufactured, prepared, packaged, tested and transported
in accordance with the transport regulations.” Regulations generally require terminal protection (i.e. taping),
separate containers (plastic bags, jars, or special containers), proper labeling, and special multiple device
storage systems (i.e. drums). To help educate and facilitate compliance with the various requirements, IATA has
developed guidance information for shippers, freight forwarders, ground handlers, airlines and passengers.”
Similarly in April 2014, the UN and Underwriters Laboratory issued a series of Battery Safety Standards for
preventing and reducing incidents including a series of tests and rules for transport.59 In addition, “In early
2016, the International Civil Aviation Organization banned outright the shipment of Lithium-ion batteries as cargo
on passenger aircraft.”60 The private sector has followed suite in their directives; for instance, FedEx Express
gives explicit signage and limitation rules in their recent publicized rules on Lithium batteries. Based upon IATA
Standards, FedEx notes batteries as “dangerous goods” with significant hazards associated with them, and bans
shipping them at all from many countries.61
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“UN Lithium Battery Transport Tests & UL Battery Safety Standards – Status Update (April 2013)”
Eisler, Ibid, September 13, 2016
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2.10 NOTES ON DISPOSAL VOLUME OF LITHIUM‐BASED BATTERIES IN CALIFORNIA AND
SBWMA
6.7 billion batteries were sold in the U.S. in 2016. Most were alkaline. “According to the Environmental Protection
Agency (EPA), each year Americans throw away more than three (3) billion batteries (or 44% of consumed).
More than 86,000 tons were single use alkaline batteries.62” Lithium metal batteries make up about 172 million
units or 2.6% and Lithium-ion batteries constitute 5.8% of the total ~400M, adjusted for growth YOY. By 2020,
they will pass one billion units or 15% of total battery consumption, and by 2024 up to 20%.
Recycling collection rates for Li-ion batteries vary tremendously across North America. Call2Recycle said its
recycling program collects 14 million eligible Li-based batteries. Getting true weights other than published
kilograms of sales from industry-led programs (like Call2Recycle) is not easy. For instance, imbedded device
numbers from other e-waste programs are generally not available63. On average, the only available reports
indicate approximately 2-10% are collected for recycling nationally. But true rates are not available.
California consumes 64 million Lithium-based batteries or
1.63 per Californian per year based on national
averages64. Extrapolating from the same report that the
average weight of a Li-based battery, just over 0.18
pounds65, approximately 5,760 tons are generated in
the state. Approximately 2,500 tons are disposed using
EPA national numbers.
Finding any accurate recycling numbers for California
lithium-based batteries is difficult. The state does have a
reporting agency but the numbers collected for recycling
are very low (for instance in 2012 for Li-based
Figure 7 Graph from California Toxic Substances Control Department Reported
Battery Recycling Rates. 2012. Based on generation, Li-based rates are very low
batteries, only 7,000 pounds). Imbedded batteries in
phones and laptops are not estimated on a consistent or
provable basis, and many are subject to the California Electronic Waste Recycling Act of 2003 which does not
accurately report electronic battery devices and the many “take back” programs or the weights from those
programs. On average, the only available reports indicate jurisdictions in California collect up to approximately
25% (Call2Recycle) but finding backing for that information is difficult. In a recent series of webinars,
Call2Recycle pointed to the Bay Area as having high rates. The remaining batteries are disposed in the MSW
stream, recycled and not reported, or hoarded by residents and businesses.
By any measure, SBWMA has a robust battery recycling program driven by curbside collection. Compared to
national averages which are in the single digits, if you can find them, SBWMA’s recycling rate is more than
double. Lithium-based batteries are recovered and recycled either through the Residential Battery Recycling
Collection Program, the Call2Recycle Retail Program, Household Hazardous Waste Centers like SEC’s, or through
e-waste or take-back programs. Though not completely accurate due to many classes of Li-based batteries being
excluded (i.e. e-waste), by using the Call2Recycle sales numbers for 2014 adjusted for three years of growth,
SBWMA service area population generates 684,000+ Lithium-based batteries per year from 450,000 resident
generators or 107 tons. Another 263 tons of additional batteries are also generated. Total batteries generated
by Call2Recycle recycling’s algorithym (Kgs to units/population) is 370 tons.66 Per vendor SBR at Shoreway
Environmental Center67, in 2016, 42 tons were recovered through the residential curbside program. Another
35.6 tons were recovered at the drop off center. Call2Recycle estimates another 2-10% may be recovered at
the other outlets and electronic waste systems in the service area. By this reckoning, the SBWMA recycling rate
is 22-25%, and far above national averages below 10%. In addition, California also has reported consistently
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“Battery Statistics”, Every-day Green.com, http://everyday-green.com/html/battery_statistics.html
Ibid, California Department of Toxic Substances website, footnotes, et.al
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high recovery rates over 60% for computers and cell phones which are not hoarded and are part of their product
stewardship program.

2.11 SOLID WASTE FIRE TRENDS, MATERIAL RECOVERY FACILITY FIRES, AND LITHIUM-BASED
BATTERIES
Fires and incendiary explosions are increasing in the residential solid waste management system. Trucks, transfer
stations, and landfills are regularly reported and responding to more and more fires per available media
reports. Actual data on fires is still hard to find because most incipient small events are never reported.
Additionally, through the Insurance settlement processes and NDAs’ required for settlement execution, unless the
local Fire Department and/or OSHA conduct a root cause investigation, most larger fires never are reported,
and root causation, like those caused by Lithium-based sources, are not brought to light. Finally, the solid waste
business culture may be to blame for the lack of transparency, not including public facilities. One industry
executive from a large public company in our study interviews lamented that, “between safety bonuses, the fear
of getting fired, and the potential for (actuarial insurance) rate
jumps and cancellations, we only hear about the bad ones (in
his company).”
Some sources have tried to calculate the number of overall
fires in North American solid waste activities. Fire Rover, who
publishes the only regular summary of fires for the industry,
reported a 13% YOY increase this summer alone, which is over
80 more fires.68 Their spokesman, Ryan Fogelman, using
extrapolation from a landmark British report, estimated a very
large number of fires (on the low end) are probably taking
place at U.S. facilities, and media-reported fires are less than
15% of the total.69 “In the United Kingdom, the CFOA (Chief
Fire Officers Assoc.) reported … an average of 332
Figure 8 American Disposal Website- picture posted on Blog about Lithiumdocumented fires … between 2001 and 2014. The
based batteries,: "https://www.americandisposal.com/blog/lithium-ion-batteries"
equivalent number in the US would be well over 1500 fires (in
the U.S.) annually based on an extrapolation of population alone.”
There is strong circumstantial evidence that solid waste system fires caused by Li-based batteries are growing in
frequency and seriousness, and nowhere as fast as Material Recovery Facilities. Taking just a snapshot of an
18-month period, there was the SBWMA internal fire loss at Shoreway Environmental Center in September of
201670, which caused $8M in damages due a lithium-ion ignition, which led to this study. Last winter, a Waste
Management recycling truck burned in Arkansas, prompting the company to put out a conspicuously serious
warning on Lithium-ion batteries on their Arkansas website. Just 12 days later a fire occurred at the WM MRF
in Little Rock, Arkansas (KTHV News report, December 24, 2016) and lithium-based batteries are the suspected
cause. The New York Post reported an explosion in one of the City’s garbage trucks two weeks later due to
Lithium-ion batteries71. Republic lost a recycling facility in Plano, Texas on December 30th, which burnt to the
ground, and company officials publicly suspect lithium-based batteries as the root cause.72 The American Disposal
website (a regional hauler in Washington, DC) flatly states that “Lithium Ion Batteries are one of the leading
causes of recycling truck fires.”73
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Fogelman, Ryan, Fire Rover, “Waste Recycling Facilities saw a 13% increase in reported fires this summer. That is an equivalent of 80+ fires!”,October 9,
2017
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Fogelman, Ibid, 2017
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For instance, Green, Jason, “San Carlos Recycling Plant Ravaged by Four Alarm Fire”, San Jose Mercury News, September 8, 2016
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Garger, K., “Battery causes small explosion in city garbage truck”, New York Post, January 13, 2017
72
Cardona, Claire, Downs, Caleb, “Plano to dump recyclables in landfill after fire destroys service center”, Dallas News, December 30, 2016
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Fogelman, Ryan, Fire Rover, “Is the Public Confusion Around Recycling Causing Fires?” 8/29, 2017, Fire Rover.com: Fogelman, Ryan, Ibid., Fogelman states
the following: I ran an informal study of 100 waste and recycling professionals. The survey listed 34 different materials that the participants were asked to identify
as "Recyclable" or "Not Recyclable." Some of the results are extremely glaring to us as an industry…(only) 9% of respondents thought that "Batteries" and "Motor
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Additionally, Rumpke Waste and Recycling has drawn a direct correlation between Li-based batteries and fires.
In 2016 alone, fire fighters in Cincinnati responded to six fires in just one facility there;74 “the cause of the fires
have been residents attempting to recycle Lithium-ion batteries that are commonly used in cell phones, cameras,
laptops and power tools.”, according to company spokespeople. Finally, the surveys RRS conducted (below)
were almost unanimous that Li-based fires were the root cause for over one fire per facility per year. This is
consistent with the United Kingdom data. The Waste Industry Health Forum in 2016 in its second addition,
“Reducing Fire Risk at Waste Management Sites’ reported, “One of the major (U.K.) waste management
companies recently analysed its fire report data. This data was from a five-year period, covered 120 plus sites
and more than 200 reports of fires/smoulders. This analysis was for general waste recycling and recovery type
plants, and may not apply directly to your site, but regards the most likely causation of fires this analysis provides
some interesting data:



31% of fires were likely caused by hot or hazardous materials and items in wastes accepted at sites, such
as hot ashes, lithium batteries, gas cylinders, flammable liquids, aerosols etc.
24% of fires were likely caused by self-heating, both in waste reception and storage”75.

Then there are the fires with no reported causes. A cursory listing of recent or more spectacular ones include:









On October 5, 2017, KTLA News reported that Angelus Western Paper Fibers Inc. of Los Angeles was
experiencing heavy fire at their recycling facility and the building were subsequently consumed;
On September 12, 2017, a Cumberland County, Nova Scotia MRF burnt to the ground;
On August 8, 2017, there was a fire that disrupted the City of Ann Arbor, Michigan MRF;
The City of Milwaukee Regional MRF in Menomonee Valley experienced a fire in early September 2017 with
causes unknown that halted operations;
On May 3, an Alabama recycling facility in Cullman County was declared a total loss from a fire which consumed
the paper and plastics in the facility;
On May 27, 2015, the Resource Recovery and Recycling Authority of Southwest Oakland County (RRASOC) MRF
in Michigan suffered extensive damage in a fire that almost completely consumed its building;
A fire in Cambridge, Ontario, gutted a $40 million WM Single Stream MRF in 201576;
The Rumpke Cincinnati MRF originally burnt to the ground in 2013 due to a flammable substance unknown. The
six fires mentioned above occurred after the rebuild.

The more serious fires in the last 18 months (2016, 2017), just from the anecdotes presented above, account for
at least one fire in over 2% of the North American residential MRF fleet of 350, and over 1% of the facilities
experienced total losses. Finally, more than at least 1% of MRFs had major fires over the last 12-14 months,
that were traceable directly to Li-based batteries (Arkansas, Texas, and SBWMA were all public, plus others
noted by confidential interviews).

2.12 SUMMARY OF THE CURRENT SBWMA BATTERY COLLECTION PROGRAM
RRS has reviewed current curbside residential recycling system CartSMART battery collection in the SBWMA
service area through interviews and research. The following summary observations are offered.
The present South Bayside Waste Management Authority (ReThink Waste) and predecessor agencies were first
established in 1982, and provide for public solid waste services in SBWMA service areas. The mission of SBWMA
is to provide cost-effective waste reduction, recycling, and solid waste programs to its Member Agencies and to
oversee the Shoreway Environmental Center recycling facility (Shoreway) in San Carlos. SBWMA’s service area
consists of the 93,000 households, >450,000 residents, and over 10,000 businesses in the:
•
•
•
•
•
•
•

Town of Atherton
City of Belmont
City of Burlingame
City of East Palo Alto
City of Foster City
Town of Hillsborough
City of Menlo Park

74
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•
•
•
•
•

City of Redwood City
City of San Carlos
City of San Mateo
County of San Mateo
West Bay Sanitary District

Curbside household battery recycling collection programs are unique. They are practiced in less than 5% of all
municipalities (less than a hundred and fifty programs, per an estimate citing Call2Recycle information in a
conference call77 out of the 3,200+ residential curbside recycling programs). RRS believes it is less than that
and mostly concentrated in pocket areas in Minnesota, California, and one-off legacy programs. It has been a
customary service unique to California and the San Francisco Bay Area for at least 15 years in different
configurations. Cities/Counties in San Mateo, Contra Costa, Santa Clara, Alameda, and Marin offer some form
of this service, including the 12-member SBWMA Authority.
The practice of collecting batteries on the curb through SBWMA curbside recycling programs dates back 12
years, according to Heidi Sanborn, California Stewardship Council, who she said she helped to found in 2005
as a consultant.78 The service began as an alkaline battery collection system and alkaline batteries were part
of the residential MSW stream in California. Since that time the regulatory nature of battery disposal in
California, the battery and wireless world, and SBWMA residential recycling services all evolved dramatically.
“Under California's Universal Waste Rule households and conditionally exempted small quantity generators were
allowed to dispose batteries and electronic devices to the trash through February 8, 200679. After February 8th

of that year, all batteries were considered a universal waste, which is a subcategory of hazardous waste, and
households could no longer dispose of them in the MSW system- either commercially or residentially. Beginning
February 9th of that year, “All batteries must be recycled, or taken to a household hazardous waste disposal
facility, a universal waste handler (e.g., storage facility or broker), or an authorized recycling facility”80.
After the 2006 Universal Waste Rule implementation, then-SBWMA Franchise vendor Allied Waste/BFI’s list of
recyclables published on the retired “RecycleWorks” website gave this guidance for both rechargeable and
primary batteries:

Curbside
Residential
Collection

Please tape both ends of the batteries with clear tape, due to new regulations to protect exposed battery
terminals from short-circuiting. This will minimize potential sparks and/or fires. Place all the batteries in
a clear sealed plastic bag (zip type preferred), put a piece of duct tape on the button cell batteries and
then place bag on top of mixed paper recycling bin. Program accepts cell phone and laptop batteries,
and other regular small household batteries. No automotive batteries.

Current SBWMA “Rethink waste” website public guidance (“Beyond the Cart”) remains similar to these original
instructions:
“Single-family residents in the Rethink waste service area can conveniently recycle household batteries and cell
phones at the curb! Simply place household batteries (no auto batteries) and cell phones in a zip-type plastic
bag and place on the lid of your blue Recycle Cart for recycling on your collection day. Tape button-type
batteries and wrap cell phones in paper before placing in the zip-type bag. Do NOT place batteries and cell
phones inside the cart. The bagged batteries and cell phone go on top of the lid of your blue Recycle Cart.”81
(Note: In a newer url publication also available on the same website, i.e. “CartSMART”, batteries are excluded as
acceptable curbside materials (http://www.rethinkwaste.org).
The SBWMA automated Single Stream curbside recycling collection program started in 2011, and is part of the
“CartSMART” weekly 3-cart collection system, with a modified PAYT garbage collection approach (smaller black
32-gallon standard MSW collection cart, larger blue recycling and green organic material cart). Batteries
continue to be collected by current vendor Recology drivers by spotting resident-prepared batteries on top of
the container, along with the regular automated dumping of the recycling cart, on collection days.
77
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To service batteries, recycling drivers get out of the truck and pick up the batteries in plastic bags on top of the
recycling cart. Resident preparations (bagged individually, terminals taped, place on top of the bin) are
required. The driver deposits the batteries in a container on the side of the truck. Batteries are transported to
SEC where they are consolidated into 96-gallon drums or other containers for eventual shipment to universal
waste handlers/recyclers like Revolt Recycling, or occasionally to the Kettleman Hills, Ca. Hazardous Waste
Landfill.

2.12.1 CONFLICTING NATIONAL PUBLIC MESSAGES ABOUT CURBSIDE RECYCLING AND
BATTERIES
There have been very confusing messages about curbside battery recycling which recently are becoming more
uniform with the increasing risk. As far back as 2011, popular science websites used by teachers and science
enthusiasts began noting the danger with putting batteries in the curbside system, “Different types of batteries
have to be disposed of in different ways, but none of these include tossing
them in the recycling bin. Rechargeable batteries (including …lithium ion
batteries) can be recycled at participating retail collection points, which can
be found at stores including Ikea, Walmart, Staples and Radio Shack.82 And
Lithium-metal batteries should be taken to HHW Centers.”
As late as 2013, Call2Recycle issued a report on curbside recycling and
batteries. Looking at the landscape of cities recycling batteries at that time,
it found initial results beneficial and promising; the convenience would lead to
more battery recycling. It stated, “Curbside recycling is one area that
municipalities are testing to see if (battery) recycling increases if curbside is
used more.…consumers defined convenience as a combination of “easy” and
“distance”
to travel. When the public was asked what would motivate them to
Figure 9 Attractive Cartoon from Call2Recycle
Article on Curbside Recycling-showing unpackaged,
recycle batteries, 19% said they would recycle more if it was more convenient,
un-taped battery going into a curbside bin
such as through curbside recycling. And 43% said that making battery and
cellphone recycling part of curb-side pickup would increase the likelihood that
they would recycle…” and, “…Dry-cell, household batteries, including both single-use (alkaline) and
rechargeable batteries, are good candidates for successful curbside recycling. Single-use batteries, usually found
in remotes, alarm clocks and toys, are not considered highly toxic, but recycling is strongly recommended and in
some areas, recycling is the law.”83 RRS believes this is a confusing and dangling message. For instance, do
single use batteries go curbside? As the risk from batteries grew and became apparent through reports of fires
in the curbside recycling system, Call2Recycle ceased advocating curbside and recently Carl Smith, President of
Call2Recycle, stated just the opposite, that curbside recycling is the wrong way to collect batteries and is not
advised because of the hazards.84
78

2.12.2 CONFLICTING LOCAL PUBLIC MESSAGES AND THE CURRENT SBWMA SERVICE
A resident of San Mateo County that consults the internet for information on how to recycle/dispose of batteries
properly will come across several websites. One of the most prominent is the San Mateo County Health System
website. There, residents, who generally make up the populations of SBWMA, are asked to identify the company
that does the curbside recycling collection for their neighborhood. If Recology, the current franchise collection
vendor for SBWMA is selected, residents are encouraged to “… place your batteries in a small zip-locked bag
and put the bag on top of or inside the appropriate bin on collection day”. The SBWMA website currently
references SMC Health in discussing legal disposal options for batteries on their universal waste page. Member
agencies of SBWMA have similar messages on most of their individual websites. For instance, the Town of
Hillsborough website states: “Collect your household … batteries… Place all items in a clear plastic bag and
seal bag. Place the sealed bag on top of your mixed paper recycling bin. Set recyclables out on your collection
day.” In this case the website did not keep up with the change in collection.
82 Melina, Remy, “7 Everyday Toxic Things You Shouldn't Toss in the Trash”, LiveScience.com, April 21, 2011
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2.12.3 MESSAGES ON BATTERY
LABELING AND THE CURRENT
SERVICE
Li-based Batteries (especially smaller primary
battery types) often are not labeled clearlyespecially how to handle these sometimes “dangerous
goods” batteries, which can confuse consumers about
what to do with their spent devices. They often have
multiple ‘handle carefully’ messages and warnings,
and other technical information that look like a legal
disclaimer (See Fig. 8).

Figure 10 "Legal Disclaimer" Label on a Prizm-type battery from a computer

The most-used symbols on the Lithium battery about disposal may cause confusion for well-meaning residents,
and possibly some recycling professionals85:

Could be construed as do not put in
the garbage but instead in the
recycling bin.

Appears more prominently than other
warnings on many batteries. Users will
mistakenly put them in recycling bins,
especially if they are new to SBWMA
service area or have existing language
barriers.

2.13 REINFORCING TRENDS WITH NEGATIVE MAGNIFYING CONSEQUENCES AND THE
SBWMA RESIDENTIAL CURBSIDE BATTERY COLLECTION PROGRAM
In summary, a combination of rapidly changing circumstances has occurred during in the last 12 years since the
battery collection program started, affecting the SBWMA service area. Key circumstances surrounding batteries
are conflicting with the current collection methods, which are basically unchanged since the advent of the
CartSMART Single Stream program in 2011. Together, these have had a mutually reinforcing, negatively
synergistic impact, greatly increasing the risk of fire and/or explosion to the resident-owned recycling system
assets, especially the SEC MRF and San Carlos Transfer Station. This also impacts Recology collection trucks and
Ox Mountain. Most importantly, the human risks from increased exposure because of these changes, primarily
at SEC and in the collection trucks, is growing as well.

85
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OLD CONDITIONS WHEN RESIDENTIAL
CURBSIDE BATTERY COLLECTION BEGAN IN
2005
Mostly Alkaline Batteries were considered
part of the Municipal Solid Waste
Management System
Primary Single Use Battery Consumption- less
than 10 per person per year in 2005.
Very few Lithium-based primary single use
batteries in the marketplace. Mostly
specialized or medical.
Home Secondary Rechargeable battery uselimited to NiCad cameras and cell phones.

Energy Density Watt/Kg- 225 in 2011.
Li-based Batteries- heavier per unit than
present for same performance.

Dual Stream Collection-manual collection of
two bins- all materials visually inspected,
batteries discovered easily.
• No Cover on the container.
• Material dumped separately by hand.

PRESENT CONDITIONS
2017
All batteries are banned from the MSW system in California and are considered
universal waste. Lithium-based batteries are a growing percentage of batteries
in the SBWMA Service Area. Modified PAYT Collection services initiated “Cart
SMART”.
Home Primary Battery Use 19.5 per person- 6.3B and has grown by over a
billion since 2011.
165.3M consumed per year. Growing >5%-7% per year. 1 for every 2
people.
Lithium-ion batteries dominate home secondary rechargeable battery
consumption; 367M in the U.S. or 1.13 per person/year with >7% growth rate
by most accounts.

Energy Density Watt/KG- 390. Research on energy density reaching 450
W/Kg. More power per kilogram in lighter batteries.
Lithium-based batteries 55% lighter than 2011. 80%-200% lighter (RRS
extrapolation based on function)) per unit work in 2005
Single Stream Collection-Automated Collection of recyclables
• Driver does not have to get out of the truck to service household.
• Driver may not get out of the vehicle in inclement weather or while driving in
the dark and not spotting a battery on top of the bin.
• Regular driver turnover may exacerbate inspection processes.
• Driver will not spot batteries placed within the bin

RESULT
Fire hazards low. When Universal Waste Rule went into
effect in 2006, batteries became hazardous, expensive
waste. MSW also became expensive because of cart size.
Residents forced to recycle them by state law.
>100% use increase in all primary batteries since 2005.
California consumption tops use of Lithium metal batteries,
approx. 20 million per year. A quarter million consumed
every year in the SBWMA service area.
California consumption of rechargeable batteries 44.3M
per year. A half a million are consumed in the SBWMA
Service Area. Amount will double by 2024.
Typical Lithium-based cell contains more energy and is 6573% more powerful than 2011.
• More likely to cause bigger and hotter explosions and
fires.
• More likely to rupture and cause short circuit because of
decreasing total mass.
• Thinner polyethylene separator membranes increase
likelihood of damage by force.
Manual curb sorting of dual stream materials allowed
visual close-up inspection and identification of batteries on
top of the recycling container. Single Stream does not
require separation. Driver may not spot batteries or get
out of truck to collect, especially in inclement or dark
conditions, or pressures from productivity expectations, or
work hours.

Deep Inspection: 1-2-person collection truck
where workers left truck to physically collect
and separate material.
• Batteries were place on top of paper
• Compliance with packaging requirements
enforced in real time and batteries left in
the bin if not prepared properly.

Inspection of Batteries Requires extra effort of 1 Person on Truck
• Batteries are placed together in one plastic bag
• Batteries may not be taped
• Batteries are put into the bin based on information of local websites (i.e. San
Mateo Health System)

Risk of batteries improperly package or not seen and
being dumped into the truck increases.

Batteries do not carry multiple warnings and
symbols on their label.

Confusing symbols (recycling symbol and do not put in garbage symbol) are
probably guiding some residents to put batteries without preparation in the
garbage.

Consumers unsure what to do with batteries. Hoard, put
into recycling cart, etc. Consumers not very aware of
options.
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PART 2
3 HAZARDS OF BATTERIES‐ SURVEYS, INTERVIEWS AND TESTS
3.1 Study Parameters

Through an iterative process, the studies below were scoped and amended by SBWMA to focus on M
specifically the SEC, while recognizing similar work needed to be accomplished with SBWMA residents and
Waste to Energy public and private sector. In their place, RRS was asked to provide support and representa
on the national front with an inter-association working group of the battery industry, private waste concerns,
scrap and recycling industry (represented by ISRI), and the public sector. RRS’ Michael Timpane was
approved to join the ANSI SC 4 battery/fire working group for new ANSI Standards around “A MRF is no
safe environment for batteries.” This group is in the process of developing ANSI Standards for Batteries
MRFs. Finally, SBWMA has asked RRS to become involved in the political sphere surrounding current lac
regulatory issues and need for forward product stewardship that embraces the need for special handling o
based batteries, and be present for development of strategy. Each of the activities, surveys, and t
accomplished agreed to the direction SBWMA should consider based on the hypothesis.
The Study points agreed to between RRS and SBWMA include the following:

RRS conducted a series of broad, initial attitudinal surveys and interviews, and a field count of lithium-ba
batteries at the Shoreway Environmental Center Material Recovery Facility (“SEC” or “Shoreway”) to ascer
the current state of practice both for the national professional MRF community, and SBWMA asset manag
Though circumstantial evidence is high, SBWMA and RRS concluded that more fact-basis accumulation
required as a basis for changing the current policies of placing lithium-based batteries at the curb, in sepa
plastic bags with taped terminals for collection. Li-battery risk at SEC was just too high. The facts establis
in the surveys and the count support this report’s conclusions. The surveys and tests included:






Exploratory Interviews and Engagement with Executives in the National Residential Recycling Va
Chain To assess attitudes, behaviors, and best practices and provide a concise listing of anecdotal attitu
RRS engaged 21 executives of different NGOs, private MRF companies, and battery concerns. In addit
RRS was approved to participate in a national committee to explore in more depth the current state of va
chain thinking on the issue Lithium-batteries enter the MRF and obtained excellent access to ascertain
practices, comments, and other emerging sentiments on the nature of the problem. A 1.5-page summary
results is presented.
National MRF Service Provider Industry Survey RRS tested MRF Providers by performing a confiden
survey. Operators have first-hand experience with the dangers of Li-Ion batteries coming through t
facilities. The survey was configured to determine the extent of operator’s perception of actual Li-ba
issues, and what facilities are currently doing to mitigate the impact on their operations. The survey cove
battery handling practices, incipient fire count and incidents, and other impacts Operators were willing
share. RRS invited all publicly-owned and non-profit Single Stream MRFs to the process, and a good sam
size across the industry was accessed.

Internal Stakeholders Survey (Recology, SBR & County employees) RRS administered a similar test to
SBWMA SEC MRF team. The main danger with Li-Ion batteries flowing into the SEC facility will continu
fall on Recology, SBR, & County employees engaged at Shoreway because they handle batteries first-ha
These Internal stakeholders were queried on their knowledge of the impacts of seeing or dealing with Li
batteries encountered in the line of duty.

RRS performed the confidential survey on SBR and County employees primarily. Recology drivers, who
SBWMA’s vendor for the Residential Recycling program, were invited but declined large participation
their input was limited. SBWMA value chain members who manage batteries were also given a chanc
respond and some did but not all. Invitees included: Don Lees of Revolt Recycling, Mike Center of T
Services, Matt Zwicker from SMI, and Maureen Craine from E Recycling of California. Careful considera

to the language of the survey was undertaken with SBR managers and SBWMA executives to insure it was
similar to the national MRF survey, and, to provide knowledge transfer of the lithium-battery hazard itself.


Presence of Batteries in the Shoreway Environmental Center MRF as a result of the kick-off meeting, RRS
and SBR were re-directed to do a study on the discovery of batteries at different locations throughout the
MRF for an extended period of time. RRS designed the study with SBR, and met during the process with SBR
to discuss findings and progress remotely after the kick off. SBR conducted a thorough field examination of
where batteries were found at the MRF during normal operations over eight weeks, outside of regular
collection at the curb. The batteries found were only ones which were discovered during regular operations,
not uncovered through waste composition analysis. It can be supposed some factor of batteries were not
discovered and have been shipped with outgoing commodities. Composition assessment at SEC by Sloan
Vasquez in 2016 noted only a maximum of e-waste and haz-waste combined of 0.16 of 1% of the inbound
materials86. A count was believed to be a much more representative way of presenting factual data as to
the batteries’ presence.



Test and Video Production of a Lithium-based Battery Fire Caused by a Forklift RRS assisted SBWMA
and produced a powerful short video on how potential Li-based batteries can short circuit when coming into
contact with normal MRF operating equipment. RRS distributed the video to industry leaders at ISRI, NWRA,
and SWANA.

3.1.1 NOTABLE OBSERVATIONS FROM THE STUDIES
Results of the tests and activities conducted indicate that risk from reported and unreported fires and explosions
are increasing in U.S. MRFs and Shoreway, and it is an “iceberg” issue whose magnitude is very large and
growing, but absolute extent needs to be measured analytically beyond the scope of these studies. The primary
non-recyclable vectors causing fires are Lithium-based batteries and ‘personal’ small propane tanks. The former,
because of the sheer numbers of batteries which are present in the recycling stream, are the basis of this paper.
One industry executive representing a large fraction of the industry summed up the situation during the
confidential interviews and follow up, “I really did not think much about the issue (Li-batteries) much until the last
six months (and our interview in June) but since we have begun tracking, fires seem to be happening on an
everyday basis”.87 This particular manager current has responsibility for approximately one-tenth of the Single
Stream MRF fleet in North America.
In SBWMA’s program, collecting the batteries alone (even taped and individually wrapped in plastic bags on
top of the curbside recycling carts), where they are dropped into containers on the side of the truck and dropped
again into storage barrels at Shoreway MRF for eventual shipment at the facility, may be dangerous
(Call2Recycle has recently pointed out potential risks that may occur in its own highly managed programs where
Li-based batteries are carefully handled during accumulation88), and related reports have shown hazards even
in the safest methods of accumulation.
There is also a gap between:
 The overwhelming circumstantially evidentiary literature, written warnings about Lithium-based battery
products on the products themselves, the huge megatrend interest in popular literature, commentary and
video documentation on the web, anecdotal incidence reports, on the one hand; and,
 The availability of hard scientific data and reporting for the solid waste system on the impacts of Lithiumion battery fire/explosion hazards (noting that all field data from the U.S. solid waste system is likely to be
under-reported).
RRS was engaged by SBWMA to provide a basis for policy review and change by completing a broad number
of primary research tasks- a fact “bridge” towards reducing the risk of fires/explosions in the high-fuel (primarily
paper and plastics) environment of the Shoreway Environmental Center MRF. RRS judgement opinion after
compiling the results, despite the need for more corroborating research could not be more certain. Li-batteries
and, because of confusion by the collecting public, all batteries should never enter any residential curbside
86

Sloan Vasquez, LLC, “Mass Flow Composition Study prepared for South Bayside Waste Management Authority”, January 8, 2016
RRS Confidential Conversation at Paper and Plastics Week, Chicago, October 12, 2017
88
Call2Recycle California Product Stewardship Council Webinar, October, 2017
87
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collection system because of the risk of fire/explosion. The inappropriateness of modern curbside collection and
processing to handle increasingly dangerous sources of fire/explosion hazards in expected greater numbers
presents an unacceptable hazard.
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4 BAYSHORE ENVIRONMENTAL CENTER MATERIAL RECOVERY FACILITY
BATTERIES RECOVERY ANALYSIS
4.1 Executive Summary
In the first known study of its kind, SBWMA, SBR, and RRS established Key Indicator baselines for battery
recovery at Shoreway Environmental Center. The test undertaken was scientific, repeatable, and is a way for
the site to continue to monitor progress by gauging the appearance of batteries entering the MRF. SBWMA
management and the Vendor agreed the analysis/audit provided a high level of awareness for workers in the
plant, and they plan to monitor batteries based on these baselines going forward, and test for their recovery
regularly.
There are plenty of batteries which could start fires at the Shoreway MRF mixed in with the recyclables from
curbside collection as this study points out. RRS designed the Battery Recovery study with SBR, and met during
the process with SBR to discuss progress after the kick off. SBR conducted a thorough field examination where
batteries were found at the MRF during normal operations over eight weeks, outside of regular collection at the
curb. The batteries found were only ones which were discovered during regular operations, not uncovered
through waste composition analysis. It can be supposed some factor of batteries were not discovered and have
been shipped with outgoing commodities or residue. Composition assessment at SEC by Sloan Vasquez in 2016
noted only a maximum of e-waste and hazardous waste (combined) was 0.16 of 1% of the inbound materials89.
A physical count was believed to be a much more representative way of presenting factual data as to batteries’
presence.

4.2 Study Parameters
1. “SBR began recovering batteries three days per week, beginning on June 19, 2017 and ending on August
14, 2017”, according to SBR General Manager, Dwight Herring. The Test was conducted during operations
for 183 hours, or approximately 23 full shifts.
2. Batteries were found throughout the MRF at all locations tested. The locations tested were:
 The pre-sort which consists of manual sorting of batteries after the drum feeder and is the first sort of
material in the system.
 Belt 180 which has two sorters that insure containers in the recycling process are free of contaminants.
Containers from the primary screen pass by the sorters and the sorters pull the batteries.
 QC Residue Belt which the conveyor that transports waste residue to the Transfer station. Sorters are
positioned to recover remaining recyclables and hazardous materials. During this test, they recovered
batteries.
 The magnetic head pulley is a magnet on top of the conveyor belt that pulls steel items into storage
during the container recycling process. This location accounted for most of the ferrous/steel-covered
batteries, like 18650 single-use primary cylinders.

4.3 Results of Test Sample

The number of batteries found during the test period are described in the following table:

89

Sloan Vasquez, LLC, “Mass Flow Composition Study prepared for South Bayside Waste Management Authority”, January 8, 2016
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FREQUENCY OF BATTERY RECOVERY
9.38%
Pre Sort
3.19%
4.79%
82.63%

Belt 180
QC Station on the Residue Line
Magnetic Head pulley (cylinder type batteries with steel casings)

4.4 Batteries and LI- Batteries Test Sample Annualized
The sample allows an estimate of all batteries and LI-Based captured during an entire year.
1. Total Batteries Found- >680,000 weighing 29 tons would be found at this rate over a year.
2. LI-based batteries: 1002 were recovered during the test. Approx. 11,400 lithium-based batteries would
be recovered in a year’s time at this rate, .9 tons per year.

4.5 LI-Based Battery Hourly Rate
The test also shows that a constant presence of lithium-based batteries flowed through the Shoreway MRF during
the test period. The frequency measured, expressed as Li-Based batteries per hour is the most dramatic indicator
of that phenomenon: 5.48 lithium-based batteries per hour.

4.6 Study Notes and Observations
1. An undetermined amount of batteries was inadvertently sent to markets or disposal because they were not
discovered. The amount of lithium-based batteries is also unknown, and was probably shipped with
commodities or residue outbound.
2. SBR also recovered Li-Based batteries from E-Waste in the MRF over three days per week for a period of
two weeks between June 19th and June 30th”. Though outside this study’s scope, e-waste is also coming into
the facility through the residential collection program. Avg per day test totals include:
Per Day
AVG. LI‐BASED
E‐WASTE
COUNT

AVG. LI‐BASED E‐
WASTE POUNDS

AVG. OTHER E‐
WASTE COUNT

AVG. OTHER E‐
WASTE POUNDS

5

11

132

384

3. Per Dwight Herring of SBR, in 2016 the Shoreway MRF “received 42.18 tons of batteries from the
CartSMART Residential Recycling curbside collection program. In addition, 35.59 tons were received at the
Public Recycling Center drop-off program, for a total of 77.77 tons per year.” Very little of the tons
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recovered in the test were part of this total. These batteries are stored in 55-gallon poly drums for pick up
by Revolt Recycling.
4. During October 2016-September 2017, Revolt Recycling charged $321K to pick up, transport, sort and
dispose of these batteries.
5. Batteries recovered from the magnetic head pulley are transferred to a 20-yard debris box and once full,
transferred to a dedicated bunker in the Transfer Station for transport to WMs Kettleman Hazardous Waste
Landfill. Of the approximately 200 tons of material generated from the magnetic head pulley, 17 tons¹,
or 8.5% are batteries. The cost for transportation and disposal is approximately $36K per year.
6. RRS has recommended that regular repetitions of this test be done. See RRS Opinion.
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5 NATIONAL RESIDENTIAL
INTERVIEWS

RECYCLING

VALUE

CHAIN

EXECUTIVE

5.1 Executive Summary
As part of the scope, RRS undertook confidential interviews with executives across the recycling value chain to
obtain their opinion and insight into Lithium-based batteries. RRS was successful in getting a representative
sample.
18 of 21 target senior executives were interviewed over the course of the project using many of the same
questions in the National MRF survey, but in a conversational rather than a Survey approach. RRS has very good
relationships in the industry and is on several national industry recycling committees, including ISRI, NWRA and
PSI. The Executive’s answers were more general, but also indicated rising concern and involvement in the Libased battery issue in MRFs. Statistics include:
 18 guided Interviews over nine hours
 Representing over 431 Residential MRFs- Dual & Single Stream, the Municipal Solid Waste Public Sector,
and private sector Service Providers (both private and public)
 Publishers of Recycling Today & Resource Recycling
 SWANA, ISRI, NWRA, ANSI, 1 equipment mfr. (anonymously)
 WM, Republic, Pratt, Rumpke, Casella, CalWaste, Emterra, DemCon, Tidewater Fiber, Covanta, RRT.
The purpose of this part of the scope was to gauge on a high level whether the problem was isolated to the
practices of SBWMA or was a national phenomenon, and to find out what best practices were immediately
available in local programs. SBWMA and RRS hoped the outcome was sharing of best practices and providing
higher awareness back to the industry.
There is bad and good to report:
 On the negative side, it is definitely a national phenomenon and SBWMA is not unique. Executives know
about Li-based fires and are concerned, many to the level and passion of SBWMA. However, except for
Rumpke and the Waste Management Arkansas unit, and sites where fires have occurred (like Plano) the level
of local identification and problem resolution is low.
 Though RRS believes current curbside collection practices magnify SBWMA battery fire risk, the executives
were unaware of differences in Bay Area fire risk differences, where such services are clustered. More
data is needed to prove the assertion and was not available or shareable according to executives.
 All executives have become more interested in solving the issue because of the interviews.

5.2 Notable Observations
The executive level was more guarded at the beginning of the process but fully half of them have come back to
RRS with additional comments and observations, and during the course of the interviews, solid waste executives
across the three main national recycling associations banded together to work with battery executives in
combating the problem (See notes of Washington DC Working Group below). Since the interviews began, there
has also been a flurry of new unplanned activity including several national webinars (NWRA, Call2Recycle, ISRI,
ANSI committee, ASTM Standards interest) as well as the DC working group. Though still in their infancy, these
activities have taken on their own life beyond the scope of this report but SBWMA’s commitment by keeping RRS
involved has paid off. Senior Executive comments include:



More than 80% said fires are being caused by Li-based batteries in MRFs. “They seem to be occurring
everyday”.
Fires have increased according to 83% of those interviewed. A major public company was the only dissenter
and stated they did not see the trend. The same entity recanted at the recent Pulp and Paper Conference,
“Now that I began tracking, the problem is much bigger than I thought”. Another regional company stated
“I had nine fires in the last nine months in my three facilities. We are scared to death”.
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Nobody was actively tracking root causes of batteries specifically. Since the interviews, two public
companies have begun tracking and are surprised by how many fires are occurring. Once large public
company is including batteries in inbound composition studies.
Fire Causes in MRFs- Executives had opinions and almost all used words like probably. The felt the causes
in priority were: Batteries (55%), Propane Tanks (50%) & Truck “Hot Loads” (65%). RRS notes can be
caused by batteries and root-cause analysis should be done on these events- “We are monitoring now and
the data will get better”.
MRFs and Markets not responsible for influx of batteries into the recycling system. Their inclusion is generally
discouraged in the bin. 100%
Battery Recycling/Instruction Symbols are very confusing and may be causing the issue. 100%
Education and Enforcement is sorely lacking. “Unless there is a fire, no one cares”. “Local governments
really don’t have or enforce battery specific policies,” according to a National Association executive.
83% said they were willing to take part in a national survey every year to track occurrences.

The significance of starting at the highest level of the Material Recovery Facility industry was two-fold. First,
RRS and SBWMA felt that the industry may have identified the Li-battery concern in MRFs and mitigated some
of its causes. Rumpke was the only entity going public on a regular basis (and allowed me to say this) to move
the issue to municipalities and the industry. Are there best practices out there? At this level of management, it
was clear that opinions are growing stronger by the day that a serious and potentially catastrophic issue exists,
but very few programs or best practices were being implemented by the MRF community, except for having the
national associations involved, and providing a number of subsequent webinars on the subject. The second was
to further the conversation and gauge interest in doing so. Subsequent comments across the industry have
indicated our interviews were very successful in achieving that end. SBWMA is challenged to solve the problem
by itself and the industry is becoming very motivated.

5.3 BEST PRACTICES
All of the participants were asked about whether they could refer to best practices that might be undertaken by
a MRF or MRF organization to limit fire risk. 61% felt they could give some suggestions. 39% said they could
only speculate or did not know what they could contribute. 100% felt the battery industry should be more
involved in making the issue transparent and figuring out a disposal solution. The best practices mentioned
include:
 Three recommended involvement and obtaining reports on New ANSI/ISRI/NWRA Work streams on
Batteries in MRFs
 All of the operators said they were engaged in Incipient Fire Response and recommended that:
• Water Most Effective Suppressant for Li-Ion Battery Fires. Halon-based chemicals help with LiMetal.
• Executives were actively training staff to manage Li-Ion Battery Fires
• SWANA and ISRI suggested using the new reports and Fire Code from the IFC for training
 Most of the MRF companies (except two) said that they used Call2Recycle to answer questions on battery
management. One explicitly mentioned that they were going to come out with a new safety program
(Charge Up Safety released in July)
 Two large public companies felt Composition Audits, Capture rate Audits & comparative KPIs like was done
in the South Bay Recycling audit should be done by customer so contracted help on compliance and
enforcement could be negotiated.
 There was a large interest from the technical operators and the equipment manufacturer to Investigate
Automated Battery Screening Equipment beyond magnets. Thinks like advanced metal detection, X-ray and
thermal optical scanning, and lithium indicators in the system. It was their hope that these could someday
trigger alarm on trucks and in MRFs. One manager said, “well if it was not worth it before, it is now”.
However, nobody recommended any solutions.
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6 NATIONAL MRF SERVICE PROVIDER SURVEY
6.1 Executive Summary
The Confidential National MRF Service Provider Survey took place over a two-month period from May to July
2017. The survey was the first of its kind. Questions were designed by RRS and approved by SBWMA (Details
on questions and statistics on the answers are available in the Appendix). The survey was sent to over 500 MRF
addresses/contacts in the RRS database representing some 450 residentially-capable recycling facilities. The
strong majorities on almost every question confirm rising incidences of battery presence and fires. Though not
analytical, the results are convincing.
The responses indicate that three-quarters or more of MRF operators are increasingly aware and concerned
about the Li-based issues facing them. They see batteries in their plants in the same areas that SEC has found
them (below). They have experienced fires themselves, and in subsequent meetings have expressed increasing
discomfort with the level of incidences which are occurring.
It is not surprising that the MRF community has similar issues to SBWMA because the vector caused by battery
evolution is profound and how to dispose of batteries confusing to users. This survey shows the same acceleration
of concern since its initial undertaking and their participation began. RRS believes the issue will continue to grow
as the vector grows.
SBWMA may not feel that it can do much about the fire risk by changing the magnifying effect of curbside
collection. RRS believes that lowering risk wherever possible is required, and the current curbside method
exacerbates it.

6.2 Purpose
There is little hard data on the impact of new battery technology and the perceived risk to MRFs. A baseline is
needed to support greater training, knowledge sharing, and reduction of perceived risks. This survey was
conducted to gain insight into MRF battery management practices, perception of fire causation and periodicity
regarding batteries. The results do help illuminate current operator beliefs about potential hazards associated
with batteries, specifically Lithium-based batteries, in the MRF environment.

6.3 Results

In this survey, a “fire” or “fire incident” in a MRF includes all:
 “hot loads” management events
 explosions
 smoke events
 small quickly-suppressed fires in a small area of the building
 reported fires that disrupt operations
Question 1. How many MRFs does your span of responsibility cover?
Thirty-one MRF representatives responded to the survey. Respondents represented a range from one to 49 MRFs,
though the majority (58%) were responsible for just one MRF. 119 MRFs were represented out of approximately
450. Though an attitudinal survey, this is a good number of responses and comes close to a representative
interpretation.
Question 2. How many estimated fires (large or small/controlled incidents) would you estimate have
occurred in MRFs you represent in the last two years?
One MRF Operator estimated, “at least one small one per year per MRF so 49”. Respondents most commonly
indicated that they have experienced three to five fires or more in their MRF(s) in the last two years, though a
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considerable number of respondents (23%) have experienced fifteen or more. Over 80% experienced over 3
fires in the last two years.
Question 3. In my opinion, most prevalent ignition sources in our facility(s) are (choose 2):
Asked to choose two most prevalent sources of ignition sparking, Lithium-based batteries were cited 64.5% of
the time and pressurized cylinders 48.4%.
Question 4 Have you seen an increase in total fire incidents at your facility(s) in the last two years?
Surprisingly, only 50% of respondents report an increase in fires, with 20% noting a large increase and 30%
saying it was small.
Question 5 Does your facility accept material from communities that include batteries in their curbside
collection?
16.67% of MRFs accepted batteries in their curbside collection. Although not measured RRS speculates that this
is the California MRFs and large public companies with MRFs in California and Minnesota where such programs
are clustered that make up that amount. 83% of programs do not.
Question 6 Does your municipal customer advertise other recycling/proper disposal programs for batteries
as part of the recycling program?
Just over half the respondents said their municipalities advertise how to handle batteries properly as part of the
recycling program. 20% said they do not advertise how to handle. 25% are not aware of the programs.
Question 7 How aware of this were you (of fire risk with Lithium-based batteries)?
The survey presented an overview of the risk of fire posed by Lithium-based batteries in a MRF. 68% of
respondents were aware of the issue prior to taking the survey, and almost half are very concerned about
Lithium-based batteries causing safety risks at their MRF(s).
Question 8 Despite any other options, does your facility still receive single stream material that is
contaminated with different types of non-program batteries?
Over 77% of respondents find some or a great deal of batteries. 48% notice some and 29% notice a great
deal non-program batteries and electronics contaminating the single stream material coming into their facility,
while another 18% of respondents notice a few electronic contaminants/batteries.
Question 9 Do you believe that Lithium-based batteries may have caused fires in your facility?
29% of respondents indicated that they suspect fires in their facilities have been caused by Lithium-based
batteries but cannot be sure. However, 89% felt they had experienced fires or suspected fires from Lithiumbased batteries.
Question 10 How concerned are you about Lithium-based batteries causing safety risks at your MRF?
77% of respondents are concerned or very concerned about the risk.
Question 11 Where has your MRF staff found Lithium-based batteries/discarded wireless electronic
equipment in your MRF (choose up to the 2 most prominent)?
Non-program batteries and electronics are most commonly found on the tipping floor in the pile materials (45%
of respondents). Several respondents have also discovered these batteries in pre-sort (19%), steel/iron overhead
magnet storage bins (10%), and during incipient fire response at random locations in the plant (10%).
Other Relevant Questions (Detail in Appendix 1) The vast majority of respondents (81%) do not accept
material from communities that include batteries in their curbside collection. More than half of respondents’
municipal customers advertise other recycling/proper disposal programs for batteries as part of their recycling
program, yet 58% of respondents suggested that a lack of education on battery recycling for residents is the
cause of Lithium-based batteries entering MRFs and collection vehicles. Many respondents (39%) believe battery
manufacturers should be trained and responsible for the recovery system of batteries for recycling, followed by
consumers and retailers.
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7 SHOREWAY ENVIRONMENTAL CENTER MRF INTERNAL STAKEHOLDER
ATTITUDE SURVEY ON BATTERIES IN THE RESIDENTIAL RECYCLING
SYSTEM & SHOREWAY ENVIRONMENTAL CENTER MRF
7.1 EXECUTIVE SUMMARY
Employees are generally aware of battery policies and programs that pertain to the Shoreway
Environmental Center MRF and region. A fire last year and very good management response and concern
has raised employee awareness above what can be considered average by other standards. Nearly threequarters of respondents indicated that they are at least somewhat aware that the state of California has
banned the disposal of all batteries from landfills and requires them to be disposed in specific ways outside
of normal recycling and disposal channels. There is strong management engagement and interest at the
site itself. Lack of participation by some Recology drivers may indicate different emphasis but that is
unknown. RRS believes this survey should be done every year to gauge awareness and build knowledge.
It also should be expanded as more information and areas of management emphasis become known. Also,
all members of the value chain should participate if SBWMA can convince them to do so.

7.2 RESULTS
The purpose of this SBWMA employee/vendor survey was to gauge awareness and attitudes about
potential hazards associated with batteries at the Shoreway Environmental Center MRF. 53 employees
completed the survey, including 15 collection drivers, 23 line sorters, and 15 other MRF staff (equipment
operators, education and program management staff, and vendors). Results indicated an engaged team at
SBR and a good awareness of the issue. There were no surprises given the emphases placed on the survey
and the survey was used for training, discussion, and awareness-building. Highlights include:
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Figure 1 69% of respondents are aware or somewhat aware that it is SBWMA’s policy to never allow
batteries to enter the Shoreway MRF if preventable. This includes 60% of drivers and 100% of other MRF
staff, but less than half (43%) of line sorters. The majority of employees are at least somewhat aware that
residents in San Mateo County can recycle batteries through the current single stream program by placing
batteries in a plastic bag on top of their recycling carts to be placed in the collection truck separately from
single stream recyclables. 56% of respondents expressed their awareness of this battery collection program;
employee awareness is probably higher than this figure suggests, however, because no drivers provided
responses to this question.
All Respondents

Drivers

2%
7%
13%

28%

60%

10%

20%

60%

Line Sorters

MRF Staff

0%

0%
0%

35%

56%
9%

100%
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Figure 2 After reading an overview of the risk of fire posed by Lithium-based batteries in a MRF, 90% of
the employees indicated that they were at least somewhat aware of these risks prior to taking the survey.
In fact, when asked to suggest the two most common causes of large and small fires at the Shoreway MRF,
70% of respondents selected Lithium-based batteries.
All Respondents
2%

Drivers
0%

0%
7%

8%

24%
66%
93%

Line Sorters

MRF Staff

0%

0%
7%

13%
13%
39%

48%

80%

Respondents’ awareness of the risks of fire posed by Lithium-based batteries prior to taking the survey was
good. Drivers most commonly have seen Lithium-based batteries in plastic bags on top of recycling carts;
87% of drivers have seen residents place their batteries this way. 27% of drivers have witnessed batteries
on the ground around the cart, but few (7%) have seen batteries inside the cart. Although batteries are
rarely seen in the cart, they still make their way into the MRF. 42% of line sorters and other MRF staff
occasionally see Lithium-based batteries in the single stream material, while another 34% of these employees
admit to often seeing these batteries in single stream material. By far, workers at the Shoreway MRF most
frequently find rechargeable batteries and discarded wireless electronic equipment in the pre-sort, as
indicated by 60% of respondents (Figure 3). Employees also acknowledged a variety of factors that prevent
them from pulling Lithium-based batteries from the sorting line, tipping floor, and other areas of the MRF
(Figure 4). They most commonly cited a lack of time; 34% of respondents do not have enough time to look
for batteries, and 15% claimed they cannot stop the operation safely in time to get to the recognized
battery. Another 15% of employees were unaware of the problem.
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Figure 3 Areas of the Shoreway MRF where employees have most commonly found rechargeable
batteries/discarded electronic equipment. Count numbers have generally revealed the same results.
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Figure 4 Factors that prevent SEC Employee/Stakeholders (as applicable) from pulling Lithium-based
batteries from the sorting line, tipping floor, and other areas of the MRF

Wasn't aware of the problem

Don't know what to do with batteries

15%
0%
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15%

Not enough time to look for batteries

34%

Haven't seen batteries in MRF
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0%
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After reviewing the risks associated with batteries in the MRF setting and considering the presence of
batteries at the Shoreway MRF, 70% of respondents expressed feeling prepared/aware (Figure 5). Only
14% of employees wanted more information or training. The vast majority (83%) of respondents feel their
current safety training has prepared them to handle Lithium-ion batteries and other materials that may cause
a MRF fire. When asked to suggest the best way to inform employees about battery safety information,
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respondents provided mixed answers. They expressed similar preference for video trainings, in-person
trainings, and safety meetings.
Figure 5 Risk Awareness of SEC Employees and Stakeholders

Respondents believe that keeping batteries out of MRFs is a shared responsibility, but emphasized the role
that residents play in this task. Although more than half (55%) believe that residents, drivers, line sorters,
tipping floor workers, and MRF operations management all share the responsibility of keeping batteries out
of MRFs, another quarter of respondents placed the responsibility on residents (Figure 6). Furthermore,
respondents recommended practices to keep batteries out of MRFs and many focused on residential
education, enforcement, and program improvements like providing drop boxes and incentives. Several others
advocated for continuing awareness internally for employees.
Figure 6 Shoreway MRF employees believe the following stakeholders should be aware and responsible for
keeping Lithium-ion batteries out of MRFs
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9 APPENDIX 1- MEETING NOTES FROM NATIONAL LI-BATTERY
WORKING GROUP
NOTE: The notes below are the outcome of the national working group that SBWMA and RRS became
involved in in the course of the study. Anne Germain of NWRA was the catalyst nationally that drove this
extraordinary meeting between battery and Solid Waste Executives. RRS on behalf of SBWMA’s
participation, aided the speed, outcomes, and urgency of it.
During the study and executive interview period and through the NWRA, RRS participated on behalf of the
SBWMA to raise issues regarding battery management to a national level. The effort has been initially
successful. The battery industry has shown candor and openness on the issues of fires, explosions, and other
dangers of batteries entering the national solid waste stream. The group’s efforts have grown more public
since the effort began in July. Anne Germain of NWRA, a Solid Waste Engineer by trade and led this
organizing effort of waste organizations (SWANA, Republic, and NWRA), scrap organizations (ISRI and the
private cobalt company Umicore), and the battery associations (Portable Rechargeable Battery Association
PRBA), Corporation for Battery Responsibility (CRB), Panasonic, and ANSI representatives. RRS has shared
initial study data as approved by SBWMA. The following in-progress notes from the first coordinating
meeting are presented below:

Lithium Ion Battery Waste Management
Meeting notes
July 19, 2017
10:00 a.m. – 12:00 p.m
Introductions – everyone introduced themselves and explained their interest in managing Lithium ion battery
waste.
Attending in person:
 Anne Germain, NWRA
 Casey Westhoff, Umicore
 Jesse Maxwell, SWANA
 Joe Bateman, ISRI
 Jessica Mayorga, NWRA
 George Kerchner, PRBA
 David Weinberg, PRBA
 Michael Timpane, RRS
Attending by phone:
 Mark Kohorst, NEMA
 Ralph Vasami, Corporation for Battery Responsibility
 Paul Johnson, Kinsbursky Bros.
 David Biderman, SWANA
 Pete Keller, Republic Services
 Carl Smith, Call2Recycle
 Charles Monahan, Panasonic
 Zach Kozer, CBR
 Terry Cirone, ISRI
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1. Batteries in waste and recycling
a. Batteries represent a $30B+ industry. About 5.5 billion Li-ion battery “cells” were produced
worldwide last year. Growth is about 10-12% per year. The growth trend is expected to
continue. Li-based batteries power most consumer electronic devices such as cellular phones,
laptops, tablets, power tools, Bluetooth headphones and electronic cigarettes. There are two
general types of Lithium batteries, primary (single-use Lithium metal), and secondary
(rechargeable Lithium ion). Both categories include various cell form factors such as button,
prismatic (i.e., flat, rectangular), cylindrical, and pouch (also called polymer). When two or
more cells are electrically connected together it is considered a “battery.” These multi-cell
batteries are typically found in laptops, tablets, power tools, and other larger devices.
b. Collection rates for Li-ion batteries vary tremendously across North America. On average,
approximately 10%-15% are collected for recycling.
c.

MRFs have increasingly experienced fires that appear to be the result of Li-ion batteries that
consumers improperly mixed in with recyclable materials such as paper, plastic, and glass.

4. Challenges with improper management
a. Managing batteries improperly can lead to fires due to high energy density of Li-ion batteries.
According to PRBA, this energy density (more power squeezed into a single cell) is increasing
due to demand for lighter, smaller, units and is expected to continue to increase.
b. When cells and batteries are crushed, it may result in an “internal short circuit.” This can happen
because the separator between the cathode and anode in the cell fails causing a “thermal
runaway” temperature event, which can ignite the flammable organic solvent or gases released
from the cell. In order to prevent cell ruptures, Li-ion batteries are designed to vent once
temperatures are too high. For fully charged Li-ion cells, thermal runaway temperatures may
reach 1,100°F. Lithium-metal (primary) batteries (e.g., “button” or “coin” or cylindrical types
found in some cameras, flashlights, watches) create their own oxygen due to a flammable
electrolyte and presence of Lithium metal and will continue to burn until the oxygen and Lithium
metal are exhausted. Li metal cells may reach 1400 °F. Without the ability to vent (i.e. under
compression with other materials), violent ruptures can happen with Lithium batteries
(bales/trucks).
c.

NWRA explained how materials flow from curbside recycling through the MRF. George
Kerchner said having Lithium batteries collected at curbside that go through those conditions is
“...asking for trouble.” He added, “Lithium-based batteries should not be collected that way and
need to be handled and disposed of carefully”.

d. All of these challenges will continue to increase with the growth of batteries.
5. Best practices
a. George explained that water has been found to be the most effective suppressant for Li-ion
battery fires. Several recent reports on managing Li-ion battery fires have been published and
the IFC has a new fire code addressing Li-ion batteries.
b. Carl Smith suggested that the best management would be a disposal ban and that batteries
should be banned from the curb.
c.

Carl introduced their new “Charge Up Safety Campaign”, launched today jointly in
Atlanta/Toronto, July 19. It features an awareness effort is to increase proper handling,

49

packing, and recycling/disposal. Pointers on packing, shipping, and awareness for consumers,
sorters, processors, and municipalities.
6. Potential joint messaging and outreach efforts
a. Issues still to discuss: labeling, outreach, who is going to pay for changes? Cooperative interindustry program possible?
b. The group agreed to meet again to discuss potential opportunities to work together to develop
outreach and joint messaging.
c.

Linda Gabor will develop a strawman with Michael Timpane for the group to consider before
the next meeting.

7. Other – Another meeting has been scheduled for September 8, 2017 at 10 a.m. at NWRA’s offices
in Crystal City.
8. Anne Germain brought up British statistic of 31% of fires were likely caused by hot or hazardous
materials and items in wastes accepted at sites, such as hot ashes, Lithium batteries, gas cylinders,
flammable liquids, aerosols etc.
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Lithium Ion Battery Waste Management
Meeting Notes
September 9, 2017
10:00 a.m. – 12:00 p.m.
Objective: Review Strawman and establish plan to create best practices in battery management for both
consumers and those in the waste industry.
Attending in person:
 Anne Germain, NWRA
 Brian Loomis, NWRA
 Jesse Maxwell, SWANA
 Carl Smith, Call2Recycle
 Mark Caffarey, Umicore
 Casey Westhoff, Umicore
 Charles Monahan, Panasonic
 David Weinberg, PRBA/Call2Recycle
Counsel
 George Kerchner, PRBA
Attending by phone:
 Michael Timpane, RRS
 Paul Johnson, KBI
 Kathy Bruce, KBI
 Richard Abramowitz, Duracell
 Terry Cirone, ISRI
 Jason Linnell, NCER
 David Biderman, SWANA
 Todd Coy, KBI
 Zach Koser, CBR
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1. Review work in area since last meeting
a. Call2Recycle passed a safety training that all collection sites must complete by December 1,
2017 in order to continue being part of the program. Meetings have been held with the state
of Minnesota and are planned with New York.
b. NWRA has had calls with two separate people at EPA regarding lithium battery issues.
c. PRBA has met with EPA regarding disassembling lithium batteries.
2. Review of Strawman
a. In discussion of best practices for managing lithium based batteries, the question of what
technologies may be available to pull them out of the waste stream at a materials recovery
facility (MRF). Both East Penn and RSR have done research in that area, Terry will reach out to
both of them to see if they are willing to share their conclusions/results to avoid repeating the
same research. PRBA highlighted that the hardest batteries to remove from the MRF would be
the polymer lithium ion batteries, as they would not be pulled out by magnets.
b. In discussion of a consumer-facing campaign, Carl raised concerns over how effective a
campaign would be and what it would look like. Anne suggested a campaign could be built off
of recent incidents with hover boards and Samsung Galaxies. It was also brought up that Benda
Pulley from Keep America Beautiful (KAB) is interested in participating with the group. The group
recognized the importance that whatever that campaign looks like, there needs to be unified
branding and logos.
i. A survey conducted by Fire Rover was mentioned. The survey found that 9% of
residential recyclers believed batteries were recyclable at the curb.
c. The group then discussed what “best practices” for those in the waste and recycling field would
look like. The idea that any curbside collection programs that feature battery collection should
be discouraged as it will only lead to confusion and mishandling.
d. The group addressed the issue of labeling on batteries.
i. Because batteries are manufactured and distributed around the world, different
countries have different labeling requirements. Countries in the EU are required to have
the crossed-out trash container and Japan requires the chasing arrows.
ii. IEC Committee TC 21 has been working over the last two years to develop an
international battery color coding system. The initial measure failed, but it will likely be
brought forth again.
3. Outcomes: The group designated two groups to help create best practices.
a. A group focused on developing best practices for consumers will be led by Anne Germain
b. A group focused on developing best practices for those in the waste and recycling industry will
be chaired by Jesse.
c. Members from each organization who will be a part of either committee need to be established
and put in contact with Anne or Jesse by Friday 9/15.
d. The group’s next meeting will be held at PRBA on October 19, 2017 at 10 a.m.
10 Action items
What
Reach out to Danny Rosellini
from RSR Corporation & Rick
Liby from East Penn
Manufacturing to discuss
screening options for lithium
batteries
Provide comments to strawman
Establish committee members for
work group focused on
consumers by providing Anne
names for committee members

Who
Terry

George
 NWRA
 SWANA
 PRBA

When

9/15/17
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Establish committee members for
work group focused on the
recycling and waste industry by
providing Anne names for
committee members
Work with consumer work group
to develop plan for consumer
messaging
Work with industry work group
to develop plan
Next meeting






Anne

NWRA
SWANA
C2R
ISRI
PRBA

9/15/17

10/12/17

Jesse

10/12/17

Anne

10/19/17 at 10 a.m. at PRBA’s
offices

Lithium Ion Battery Waste Management
Follow-Up Communications Meeting
Meeting Notes
10:00 a.m. – 12:00 p.m. Wednesday October 5, 2017

Synopsis:
The growth of the consumer Lithium primary & rechargeable battery market, and the lengthening lifetimes of
such batteries, has resulted in an increasing frequency of dangerous, sometimes catastrophic, incidents caused
by the improper disposal/recycling of Lithium-based batteries by households nationwide. These include fires in
trucks and at recycling plants, transfer stations, and landfills. This situation is endangering lives and creating
costly damage to facilities and equipment. Partners in industries that touch this issue have joined forces to remedy
this situation.
For instance:

Could be construed as do not put Appears more prominently than other
in the garbage but instead in the warnings on many batteries. Users
recycling bin.
will put them in recycling bins.

1. Evaluate screening technology that will allow processors to quickly identify and separate Lithium-based
batteries from going into the recycling plant

2. Describe best practices for Lithium-based batteries management
Background:
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Lithium-based batteries collected in the general waste and recycling stream are subject to compacting, processing
and management activities through recycling and waste collection and processing which could breach battery
safeguards and result in thermal runaway.
Incident frequency: Unknown; requires better definition. Lithium battery consumption is 2 per household per annum
(600+MM) in the U.S. (Call2Recycle), and solid waste management required is reported at 60% of what is
purchased approximately (Cal2Recycle). The amount disposed correctly through the 34,000+ battery collection
points in the U.S. would be subtracted from the disposed number to get the frequency in which batteries enter
the stream.
Recycling Related Risks:
A recent unpublished survey of MRF manager perceptions resulted in:

More statistical work needs to be done but it clearly is on the mind of the managers. Some MRF managers have
seen as many as 9 fires in the last two years for their facility, a few reported over 15 fires.
Under consideration as potential solutions are the following:

3. Prevent battery fires by banning batteries from curbside waste and recycling collection containers
4. Improve batteries labels to reduce confusion so that consumers understand not to put batteries in their
recycling or waste bins. Given the incredible growth of use of Lithium-based batteries, clear messaging
is required

Lithium battery messaging:
Strategy:
1. Develop messaging
a. Unified messaging across value chain
b. Determine what people already know
i. Amazon mechanical
ii. Reddit polls
c. Ideas
i. No curbside recycling
1. Identify the batteries affected:
a. Alkaline vs. Lithium
b. Plastic bag & taped ends
c. Application use helps - Linda
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2. Targeted messaging to City councils/boards
3. Secondary message
a. Environmental consequence
b. Safety of workers
ii. Potential dangers
iii. What to do instead – main message
1. How to recycle!!
iv. Linking message to important societal values
d. Messaging
i. Print – bag it, seal it, drop it….
ii. Art
iii. Toolkit
iv. Website?
v. Viral message opportunities?
2. Determine how to deliver message
a. Artwork and print ready ads available for free to interested parties?
b. Identify key influencers and reach out to spread the word
c. Determine if there are interests opposing the message
i. Anticipate and respond to any opposition
d. Develop a list of educational opportunities to convey message both within industry and outside
e. Journalists? Podcasts?
3. Other
Action items:
Julia – get information on how to move
George – European campaign & information
Linda – distribute what C2R has developed
Tracie – messaging curbside recycling
Anne – put together list of potential conferences
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10 APPENDIX 2- DETAIL ON MRF SURVEY AND INDIVIDUAL QUESTIONS
ASKED
Q1 How many MRFs does your span of responsibility cover?
Answered: 31

Skipped: 0
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MORE

RESPONSES

1

54.84%

17

2
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4

3
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1
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3.23%

1
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0.00%

0

6

0.00%
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7

3.23%

1

8

0.00%

0

9

0.00%

0

10

0.00%

0

22.58%

7

ID #
Total MRFs Represented 119
1
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8/10/2017 11:56 AM

2

14

8/4/2017 4:43 PM

3

14

8/4/2017 4:41 PM

4

1

8/1/2017 2:06 PM

5

0

7/24/2017 2:47 PM

6

14

7/18/2017 8:42 PM

7

27

7/18/2017 10:27AM
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Q2 How many estimated fires (large or small/controlled incidents) would you estimate have occurred
in MRFs you represent in the last two years?
Answered: 30

Skipped: 1

1-3

3-5
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10-15

15+
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16.67%

5

3-5

26.67%

8

5-10

13.33%

4

10-15

3.33%

1
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20.00%

6

Other estimate (please specify)

20.00%

6

TOTAL

30

#

OTHER ESTIMATE (PLEASE SPECIFY)

DATE

1

I would estimate at least one small one per year per MRF so 49

8/10/2017 11:56 AM

2

probably more than that

8/4/2017 1:55 PM

3

0
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0

7/24/2017 2:47 PM

5
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0
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Q3 In my opinion, most prevalent ignition sources in our facility(s) are (choose 2):
Answered: 31

Skipped: 0
100%
80%
60%
40%
20%

0%

Pressurized
Propane

Aerosol

Lithiumbased

Sparks
from

Improper
Use

Spontaneous

Cans

Batteries

Equip..

Welding

Combust.

Hot
Loads

Poor
Ops.

Un-processed

Culture

Inventory

OTHER

Do Not
Know

t

ANSWER CHOICES

RESPONSES

Pressurized propane cylinders

48.39%
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22.58%

7
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20

3.23%

1

3.23%

1

22.58%

7
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7

0.00%

0

3.23%

1

6.45%

2

9.68%

3

Aerosol cans
Lithium-based batteries
Sparking from equipment failure
Improperly used welding equipment
Spontaneous combustion in the pile
Hot loads from trucks other than the above
Poor operations culture
Too much unprocessed inventory
Other unspecified
Do not know
Total Respondents: 31
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Q4 Have you seen an increase in total fire incidents at your facility(s) in the last two years?
Answered: 30

Skipped: 1
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Q5 Does your facility accept material from communities that include batteries in their curbside
collection?
Answered: 30

Skipped: 1
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Q6 Does your municipal customer advertise other recycling/proper disposal programs
for batteries as part of the recycling program?
Answered: 31

Skipped: 0
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Q7 How aware of this were you (of fire risk with Lithium-based batteries)?
Answered: 27

Skipped: 4
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I have not hear
of this issue
before
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Very

77.78%

21

Somewhat Aware

14.81%

4

I heard about the battery fired but not this class of batteries I have

3.70%

1

not hear of this issue before

3.70%

1

TOTAL
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27
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Q8 Despite any other options, does your facility still receive single stream material that is
contaminated with different types of non-program batteries?
Answered: 27

Skipped: 4
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ANSWER CHOICES
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We notice a great deal of batteries and electronic wireless equipment commingled with acceptable program materials. We notice

29.63%

8

some batteries and electronic wireless equipment commingled with acceptable program materials.

48.15%

13

We notice a very limited amount of batteries and electronic wireless equipment commingled with acceptable program materials.

18.52%

5

3.70%

1

We have not noticed this issue.
TOTAL

27
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Q9 Do you believe that Lithium-based batteries may have caused fires in your facility?
Answered: 27

Skipped: 4
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ANSWER CHOICES

RESPONSES

More than 10 fires have been caused by Lithium-based ignition sources since I have been at my current assignment More than 3

11.11%

3

fires have been caused by Lithium-based ignition sources since I have been at my current assignment At least 1 fire has been

25.93%

7

caused by Lithium-based ignition sources since I have been at my current assignment

18.52%

5

There have been fires and I suspect Lithium-based batteries, however I cannot be sure.

33.33%

9

I have not experience fires caused by Lithium-based ignition sources since I have been at my current assignment

11.11%

3

TOTAL

27
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Q10 How concerned are you about Lithium-based batteries causing safety risks at your MRF?
Answered: 26

Skipped: 5
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TOTAL
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Q11 Where has your MRF staff found Lithium-based batteries/discarded wireless electronic equipment
in your MRF (choose up to the 2 most prominent)?
Answered: 27

Skipped: 4
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ANSWER CHOICES

RESPONSES

Pre-sort

11.11%

3

Glass fines line

0.00%

0

Steel/iron overhead magnet storage bin Tip

11.11%

3

floor in the pile

37.04%

10

Container line

3.70%

1

During incipient fire response at random locations in the plant Smoking

7.41%

2

trucks

0.00%

0

Don’t know

3.70%

1

Other (please specify)

25.93%

7

TOTAL

27

#

OTHER (PLEASE SPECIFY)

DATE

1

It would only let me choose one, so I would say glass and pre-sort

8/10/2017 11:58 AM

2

Presort, tip floor, and baler

8/4/2017 4:57 PM

3

Tip Floor and during incipient fires

8/4/2017 4:45 PM

4

Pre-sort and tip floor in the pile

8/4/2017 2:11 PM

5

In plant equipment during processing

7/25/2017 8:41 AM

6

Tip floor pile and on the container line

7/18/2017 10:30 AM
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Q12 Please rank who you think should be trained and responsible for the recovery system of batteries
for recycling. (1 for most responsible and 6 for least responsible.)
Answered: 24

Skipped: 7
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5
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12
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5
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2
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0
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TOTAL
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Q13 What do you believe is the cause of Lithium-based batteries entering MRFs and collection vehicles
(choose 2)?
Answered: 27

Skipped: 4
100%
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ANSWER CHOICES

RESPONSES

Lack of education on battery recycling for residents

66.67%

18

Lack of specialized machinery to identify and/or recover batteries in the MRF Few

0.00%

0

alternatives for proper disposal/recycling of batteries

18.52%

5

MRF operators not trained to spot batteries on the tip floor and treat as hazardous waste protocol requires Not enough

0.00%

0

regulations on this product

14.81%

4

Other (please specify)

29.63%

8

Total Respondents: 27
#

OTHER (PLEASE SPECIFY)

DATE

1

Confusing Recycling symbols/messages

8/4/2017 4:57 PM

2

Not enough publicized information so everyone in recycling knows about it

8/4/2017 4:45 PM

3

We need to have everyone educated tough lift for 1 to not be educated, multi prong.

8/4/2017 4:29 PM

4

Confusing use of recycling symbols

8/4/2017 2:11 PM

5

Not enough publicized information so everyone in recycling knows about it

8/4/2017 1:58 PM

6

One of our customers is Simply Wireless. OCC is contaminated with these batteries.

8/1/2017 2:10 PM

7

Inadequate labeling of the battery. When people see a recycling symbol, they just assume it can be recycled
with their curbside single stream.

7/18/2017 10:13 AM

8

Residents not recycling batteries at curbside

7/17/2017 12:45 PM
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Q14 This survey data is part of an ongoing project to manage batteries in a MRF environment and to
promote the proper recycling and disposal channels to prevent the build-up of hazardous materials,
prevent a potential fire source, and encourage safety in MRFs. Would you be interested in becoming
partner this vital research?
Answered: 27
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Q16 Please provide the region in the U.S. that best describes your MRF:
Answered: 25

Skipped: 6
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QUESTIONS FOR MRF SURVEY

Purpose:
There is little hard data on the impact of new battery technology and the perceived risk to MRFs.
A baseline is needed to support greater training, knowledge sharing, and reduction of perceived
risks. This survey is being conducted to gain insight into MRF battery management practices,
perception of fire causation and periodicity regarding batteries.
Target Audience:
 Public and privately-owned, single-stream MRF operators in CA and across the U.S. and
associated direct line management and safety managers.
 Sample set of U.S. ~240 single-stream MRF contacts in the U.S. Expected return level 1025%.
Process:
 Mixture of email/available on-line hosting, RRS follow up, telephone quantitative and
qualitative interviews with MRF operators
 10 questions
 Responses will be kept anonymous, and data will be identified by region or California
Anticipated Survey Results:
The Data will:
 Act as a baseline survey for follow-up surveys (if undertaken);
 provide initial attitudinal reference research on battery management perceptions in MRF
operations, especially lithium-ion and lithium-based batteries;
 provide and share reference procedure recommendations including best practices and
follow-up recommendations from a broad audience; and,
 the results could be published nationally to alert MRF operators of potential
fire/explosion dangers from batteries, especially lithium-based batteries in MRFs.
Survey Instructions:
This survey is confidential. No facility names, addresses, or other site specific data will be used in
any way other than as grouped and accumulated in the answers below. The purpose of this
survey is to determine awareness about potential hazards associated with batteries in MRF's and
number of batteries entering the MRF (especially Lithium-based) to mitigate risks. We need honest
responses, so that we can move, as an industry, toward realistic steps to prevent potential
hazards related to batteries in MRF's. Your answers are confidential and will be used only for
statistical reports.
IMPORTANT: When this survey refers to fires, the meaning of fires is a fire incident. A fire
incident in a MRF includes such things as ‘hot loads” management, explosions, smoke events, small
quickly suppressed fires in a small area of the building, and fires that disrupt operations that must
be reported.
How many MRFs does your span of responsibility cover?
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a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)

1
2
3
4
5
6
7
8
9
10
Identify number_______________________________

How many estimated fires (large or small/controlled incidents) would you estimate have occurred
in MRFs you represent in the last two years?
a) 1-3
b) 3-5
c) 5-10
d) 10-15
e) 15+
f) Specify__________________
In my opinion, most prevalent ignition sources in MRFs are (Choose 2):
a) Pressurized propane cylinders
b) Aerosol cans
c) Lithium-based batteries
d) Sparking from equipment failure
e) Improperly used welding equipment
f) Spontaneous combustion in the pile
g) Hot loads from trucks other than the above
h) Poor operations culture
i) Too much unprocessed inventory
j) Other unspecified
k) Do not know
Have you seen an increase in total fire incidents at your facility in the last two years?
a) There has been a big increase
b) There has been a small increase
c) There has been no increase
d) There has been a reduction of fires
e) I have not noticed any changes
Does your facility accept material from communities that include batteries in their curbside
collection as a program material?
a) Yes
b) No
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Does your municipal customer advertise other recycling/proper disposal programs for batteries
as part of the recycling program?
a) Yes
b) No
c) Do not know
Due to the utility and tremendous popularity of lithium-based primary (non-chargeable) and
secondary (rechargeable) batteries in laptops, cameras, drones, earphones, cylinder batteries,
and other electronics, more batteries are showing up at MRFs. These batteries may have a
chemical reaction if damaged or under pressure, and sometimes short circuit. There is a thin
barrier usually made from a polyolefin that keeps a positive and negative electrode from coming
into contact. If the barrier is ruptured it begins to heat up and interacts with a chemically
combustible electrolyte, with the potential for heating up to 900F degrees, exploding, or possibly
causing fires. This can occur in the MRF when under pressure from compaction or damage from
collection vehicles, during unloading, moving, and storing on the tipping floor, or during processing
over automated conveyors (sorting, and baling).

Were you aware of this?
a) Very Aware
b) Somewhat Aware
c) I heard about battery fires before but not this class of batteries
d) I have not heard of this issue before.
Despite any other options, does your facility still receive Single Stream material that is
contaminated with different types of non-program batteries?
a) We notice a great deal of batteries and electronic wireless equipment commingled with
acceptable Program materials.
b) We notice some batteries and electronic wireless equipment commingled with acceptable
Program materials.
c) We notice a very limited amount of batteries and electronic wireless equipment
commingled with acceptable Program materials.
d) We have not noticed this issue.
Do you believe that Lithium-based batteries may have caused fires in your facility?
a) More than 10 fires have been caused by lithium-based ignition sources since I have been
at my current assignment
b) More than 3 fires have been caused by lithium-based ignition sources since I have been at
my current assignment
c) At least 1 fire has been caused by lithium-based ignition sources since I have been at my
current assignment
d) There have been fires and I suspect Lithium-based batteries, however I cannot be sure.
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e) I have not experience fires caused by lithium-based ignition sources since I have been at
my current assignment
How concerned are you about Lithium-based batteries causing safety risks at your MRF?
a) Not at all concerned
b) Somewhat concerned
c) Concerned
d) Very concerned
Where has your MRF staff found lithium-based batteries/discarded wireless electronic equipment
in your MRF (choose up to the 2 most prominent)?
a) Pre-sort
b) Glass fines line
c) Steel/iron overhead magnet storage bin
d) Tip floor in the pile
e) Container line
f) During incipient fire response at random locations in the plant
g) Smoking trucks/hot loads
h) Don’t know
i) Other___________________________
Please rank who you think should be trained and responsible for the recovery system of batteries
for recycling. (1 being most responsible and 6 being least responsible.)
____Consumers
____Battery manufacturers
____Retailers
____Public sector (Cities, Counties, States)
____Battery recycling companies
____MRFs
What do you believe is the cause of Lithium-based batteries entering MRFs and collection vehicles
(select 2)?
a) Lack of education on battery recycling for residents
b) Lack of specialized machinery to identify and/or recover batteries in the MRF
c) Few alternatives for proper disposal/recycling of batteries
d) MRF operators not trained to spot batteries on the tip floor and treat as hazardous waste
protocol requires
e) Not enough regulations on this product
f) Confusing Use of Recycling Symbols
g) Not enough publicity of the risks associated with improper disposal
h) Other
This survey data is part of an ongoing project to manage batteries in a MRF environment and to
promote the proper recycling and disposal channels to prevent the build-up of hazardous
materials, prevent a potential fire source, and encourage safety in MRFs. Would you be
interested in becoming partner this vital research?
a) Yes
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b) No
If yes, please submit your email address for further details. Your identity will be kept
confidential.
_________________________________Would you like a copy of the results of this survey?
a) Yes
b) No
If yes, please submit your email address for further details__________________.
Your
identity will be kept confidential and we will send you the survey results after they are accepted
by our customer.
Please provide the region in the U.S. that best describes your MRF:
_____Southeast
_____West Coast
_____Desert States
_____Midwest
_____Rocky Mountain
_____Northeast
_____Mid-Atlantic
_____Southwest
Thank you for your time and participation. We hope that this study will provide some insights to the problem
and solutions to battery-related fires in all our facilities.
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