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Electronic Waste (E-Waste) Recycling:
Barriers and Opportunities for State, Local,
and Tribal Governments

Electronic waste, or e-waste, encompasses
end-of-life electrical and electronic equipment,
including computers, monitors, televisions, printers,
cellphones, household appliances with electronic
components, and small consumer devices containing
batteries or circuitry.” E-waste is one of the fastest-
growing components of the U.S. waste stream, with
nearly 8 million tons generated in 2022.2

E-waste presents two related public interest
considerations. First, e-waste contains
economically and strategically important materials:
base metals (copper, aluminum, iron, and steel),
precious metals (gold, silver, and platinum group
metals), and critical materials such as rare earth
elements, gallium, and indium that appear on

the U.S. Geological Survey’s 2025 List of Critical
Minerals.® Second, many electronic devices contain
hazardous constituents—including lead, mercury,
cadmium, and brominated flame retardants—as well
as rechargeable batteries that can pose fire risks
during handling.* Effective management of these
constituents helps protect workers, communities,
and the environment. In the United States, it is
estimated that less than 20% of e-waste is formally
collected and recycled, leaving more than 6 million
tons landfilled or otherwise unrecovered.®

This fact sheet provides state and local decision
makers an overview of (1) e-waste composition and
recoverable materials, (2) technology pathways

used to recover those materials, and (3) examples

of operational and partnership structures used to
provide e-waste recycling capacity in the United
States. It is intended to complement existing
collection program guidance available through U.S.
Environmental Protection Agency and other sources.®

State Policy Frameworks and Drivers
of Collection Performance

In the United States, the most common state-level
framework for managing e-waste is extended producer
responsibility (EPR), under which manufacturers

of covered electronic devices bear financial and
operational responsibility for end-of-life management.
EPR programs are administered either by manufacturers
themselves (through compliance organizations) or by
state agencies that contract with program operators,
with coverage, funding mechanisms, and reporting
requirements varying by state. Twenty-three states and
the District of Columbia have enacted electronics EPR
laws to date, and two additional states—California and
Utah—have enacted electronics recycling laws that

are structured differently from EPR.” California funds
collection and recycling through an advance recycling
fee paid by consumers at the point of sale 8 while Utah
requires manufacturers to implement collection systems
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Figure 1. E-waste collection rate per capita and relevant laws by state. Per-capita e-waste collection rates use each state’s most recent
reported collection year (2018-2025). Populations are matched to the same year using U.S. Census Bureau data. Stripe overlay indicates the
state has an EPR program or other electronics recycling program, regardless of whether collection data are publicly available.

for covered devices but does not mandate recycling.®
States without EPR laws generally rely on a combination
of municipal collection programs, voluntary manufacturer
take-back, and commercial recyclers funded by service
fees. Figure 1 shows states with electronics EPR laws
along with per-capita collection rates for select states
with available data. Annual collection rates vary between
0.6 and 5.6 pounds per capita. States with the highest
per-capita collection rates tend to share several program
design features: a weight-based per-manufacturer
collection target (typically tied to a percentage of prior-
year sales weight rather than prior-year collection),

a weight-based shortfall penalty that converts under-
collection into a real financial cost, a statewide ban on
electronics disposal in landfills, and free public drop-off
infrastructure. Colorado offers a counterpoint—its high
rate is achieved through a landfill ban alone, with no

EPR program. States with EPR programs that lack hard
weight-based targets or shortfall payments tend to show
lower per-capita rates despite the existence of producer
responsibility frameworks.

E-Waste Composition and
Recoverable Materials

E-waste is a heterogeneous stream with widely varying
material composition: A discarded laptop, an electric
toothbrush, and a string of holiday lights all fall within
common definitions of e-waste but differ substantially
in metals, plastics, glass, and hazardous content. As a

result, composition data are typically reported as broad
averages across mixed e-waste or as device-specific
breakdowns. At a national level, modeled 2026 U.S.
waste from consumer electronics consists of roughly
41% metals (ferrous, aluminum, copper, and other
metals), 26% plastics, 16% display materials, 9% printed
circuit board (PCB) material, 4% batteries, and 5% other
materials. These are mass-based averages across the
consumer electronics product categories included in the
model (televisions, cellphones, and personal computers
and related products); device-level composition varies
substantially by category. The figures are based on the
U.S. Environmental Protection Agency’s Alternatives

for Disposition of Electronics Planning Tool (ADEPT),
which incorporates 2017 device composition data and
Consumer Technology Association sales data through
2019, with post-2019 generation projected forward using
2015-2019 growth trends.™

Recoverable Material Value

The economic case for e-waste recycling rests on a
small share of mass that carries a disproportionate
share of value, with recoverable value varying
substantially across device categories. This has
practical implications for state and municipal programs:
The highest-value categories are also where collection
completeness, secure storage, and downstream
processor selection most affect program economics
and material outcomes.
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A 2020 Purdue University study analyzed 56 elements
across common U.S. consumer electronic devices and
estimated the potential economic value of embedded
metals (Table 1). Per-kilogram values varied by more
than an order of magnitude across device categories.™

Table 1. Estimated Economic Value of Metals Embedded in

Select Consumer Electronic Devices™

Estimated Metals
Value (2025 USD/kg)

Device Category

Computer hard drives $582
Mobile phones $568
Ethernet hubs $495

DVD players $303
iPods (composite sample) $215

Answering machines $153

PCBs $76
Printers $18
Computer wiring $17

Based on 2018 U.S. Geological Survey metal prices and adjusted
to 2025 USD. Values reflect metal content only (not collection,
transport, or processing costs); current commodity prices for
individual metals may have shifted differently from general
inflation. The study did not include televisions, the largest
e-waste category by mass in many state programs. Television
metals’ value per kilogram is generally lower than for small data-
bearing devices because televisions are dominated by glass,
plastics, and bulk metals rather than concentrated PCBs and
rare-earth magnets.

These weight-based values largely reflect three
concentrated value sources: precious metals (gold,
silver, and platinum group metals—platinum, palladium,
rhodium, ruthenium, iridium, and osmium) in connectors
and PCBs; neodymium-iron-boron magnets in hard
drives and speakers; and rechargeable lithium- and
cobalt-containing batteries in mobile devices. Reported
gold concentrations in end-of-life PCBs (approximately
10-1,600 grams per metric ton) are generally higher
than concentrations in commercially mined gold ore
(approximately 18 grams per metric ton at the top end).”

Critical materials—including the platinum group metals,
rare earth elements, gallium, indium, tantalum, and
others appearing on the U.S. Geological Survey’s 2025
List of Critical Minerals—are concentrated in specific
device categories rather than being evenly distributed
across the e-waste stream.™ A 2023 report prepared
for the United States Energy Association catalogued
the typical critical material concentrations across major

e-waste categories, identifying the following highest-
density streams:

* Mobile phones: Cobalt and lithium (rechargeable
batteries); neodymium, praseodymium, and
dysprosium (micromagnets in speakers and
vibration motors); tantalum (capacitors); and small
guantities of platinum group metals (PCBs and
connectors).

+ Computers (desktops, laptops, and tablets):
Neodymium and dysprosium (magnets in hard-disk
drives); tantalum (capacitors); cobalt and lithium
(rechargeable batteries in laptops and tablets); and
platinum group metals (PCBs).

e LED and LCD screens (monitors, notebook
screens, and televisions): Indium (transparent
conductive coatings); gallium (LED chips); yttrium,
europium, and terbium (phosphors); and small
quantities of additional rare earth elements in
optical components.™

By contrast, bulk-mass categories such as printers,
large appliances, and computer wiring carry
recoverable base-metal value (copper, aluminum,

iron, and steel) but contain comparatively few

critical materials. The variable recovery economics

of plastics’®—particularly those treated with flame
retardant in older electronics —and lead-bearing
cathode ray tube glass, for which end markets have
narrowed since cathode ray tube manufacturing largely
ended, further differentiate device category value.”

Hazardous and Regulated
Components

Several constituents of e-waste require controlled
handling and shape the design of collection, transport,
and processing systems. Lead is present in solder on
older PCBs and in cathode ray tube glass.® Mercury

is present in some lamps (including backlights of older
LCDs) and certain switches and sensors. Cadmium

is found in some older nickel-cadmium batteries

and in certain phosphors and pigments. Brominated
flame retardants are present in many plastic housings
and can complicate plastics recycling and produce
regulated emissions if not managed during thermal
processing.”® Lithium-ion and other rechargeable
batteries can pose fire and thermal runaway risks when
damaged, short-circuited, or processed in equipment
not designed to handle them. The National Waste

& Recycling Association estimates that more than
5,000 fires occur annually at U.S. materials recovery
facilities, many traced to lithium-ion batteries.?® These
constituents are part of the reason e-waste is regulated
separately from municipal solid waste in many states.
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Recovery Technology Pathways

After collection, e-waste typically passes through a
sequence of recovery technologies, beginning with
mechanical processing, followed by one or more
chemical or thermal pathways selected to match the
target materials and feedstock concentrations.?” The
five most widely discussed pathways for e-waste
are summarized below; each has different recovery
profiles, energy and chemical inputs, and stages of
commercial readiness.

Mechanical processing. Mechanical processing
encompasses manual or automated disassembly,
shredding, and physical separation techniques such
as magnetic separation (ferrous metals), eddy-current
separation (nonferrous metals), and density- or
particle-size-based separation. These steps recover
bulk metals and plastics and concentrate higher-value
fractions—particularly PCBs—for downstream chemical
processing.?? Mechanical processing is mature, widely
deployed, and serves as the foundational front-end
step at most U.S. e-waste facilities.?®

Pyrometallurgical processing. Pyrometallurgy uses
high-temperature methods (typically smelting in a
furnace) to recover metals from e-waste, generally
beginning by burning off plastics to volatilize target
metals and produce a slag containing impurities.?*

It is most often applied to PCB-rich fractions and is
the dominant commercial-scale route for recovering
precious metals (gold, silver, palladium, and platinum)
and base metals (copper) from e-waste worldwide.
Pyrometallurgy is technologically mature and operates
at industrial scale, but it is energy-intensive and can
generate toxic gases when plastics and brominated
flame retardants are combusted, so emission control is
a major operational consideration.?®

Hydrometallurgical processing. Hydrometallurgy
uses aqueous chemical solutions—typically acid
leaching, followed by a recovery step such as
solvent extraction, adsorption, or electrowinning—

to selectively dissolve and recover target metals.?®
Hydrometallurgy is commonly used in conjunction
with pyrometallurgy in commercial e-waste recycling
and can achieve higher selectivity for specific metals,
including some critical materials that pyrometallurgical
processes do not recover efficiently. It generates
process liquids requiring management, and research
into less hazardous leaching chemistries is an active
area of development.?

Electrochemical processing. Electrochemical methods
use electrical current to selectively separate and recover
metals from solutions or melts, exploiting differences

in the electrochemical properties of target metals to
drive deposition or refining. Common techniques include
electrodeposition, electrolysis, and electrorefining.?®
Electrochemical processing generally consumes fewer
chemicals than conventional hydrometallurgy and is
modular and scalable, but can face selectivity challenges
when multiple metals with similar electrochemical
properties are present.?® While electrowinning is widely
used as a downstream recovery step within commercial
hydrometallurgical processes, most electrochemical
recovery applied as a stand-alone pathway for e-waste,
particularly for critical materials, remains at the
laboratory or pilot stage.®°

Biometallurgical processing. Biometallurgy

refers to a family of extraction processes that use
interactions between metals and microorganisms,
including bioleaching, biosorption, and phytomining.®’
Biometallurgical approaches generally operate

at lower temperatures and use fewer hazardous
chemicals than pyrometallurgy or hydrometallurgy,
and can achieve high recovery selectivity. They are
not yet widely deployed at commercial scale. Most
U.S. and global activity remains at the laboratory,
pilot, or early commercial stage, in part because of
slower reaction kinetics compared with conventional
metallurgical routes.??

Additional pathways, including supercritical fluid
extraction, are also under research and pilot-scale
development but are not yet widely deployed for
e-waste recovery.33

Barriers to Recovery

Despite the available recovery technologies, several
barriers limit the share of e-waste currently recovered
for material value in the United States. The e-waste
stream is highly heterogeneous—composed of many
device types with varying material compositions and
assembly methods—which complicates sorting and
preprocessing. Many products are also designed for
assembly rather than disassembly, making efficient
material separation difficult.3* Critical materials are
typically present in trace concentrations across diverse
device components, and at present no commercial-
scale technology comprehensively recovers the

full range of critical materials from mixed e-waste.
Recovery tends to focus on the highest-value bulk
metals and precious metals, with many critical materials
lost to the waste stream or downcycled.*® Economic
barriers include the capital intensity of advanced
recovery facilities, market competition with primary
mining at prevailing commodity prices, and limited
financial incentives for consumers to return end-of-
life devices.®® Logistical and infrastructure barriers
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include uneven geographic coverage of collection sites,
limited consumer awareness of recycling options, and

a patchwork of state-level frameworks that vary in
covered devices and reporting requirements.?’

Examples of E-Waste Recycling
Operations in the United States

The U.S. e-waste recycling sector includes large
commercial processors, state- and manufacturer-
administered programs partnering with private and
nonprofit processors, and a smaller number of city- or
county-supported nonprofit operations. The examples
below illustrate several operational and partnership
structures used in the United States. No U.S. state or
local government is known to directly own and operate
an e-waste processing facility; many municipal and
county e-waste recycling programs are collection-
and-consolidation operations that transfer material to
downstream processors.

Two third-party certifications are widely used as
indicators of responsible processing practices:
Responsible Recycling (R2, currently in version R2v3),
which sets standards for safe handling, processing,
and downstream tracking of electronics; and the
National Association for Information Destruction’s NAID
AAA certification, which sets standards for secure
destruction of data-bearing media. Some operations
are also certified to e-Stewards, an alternative
recycling standard. Many state EPR programs and large
commercial customers require one or more of these
certifications.

Manufacturer-Administered EPR With
State Oversight: E-Cycle Washington

E-Cycle Washington, established under the Washington
Electronic Product Recycling Law in 2006 and
operational since Jan. 1, 2009, is one example of a
manufacturer-funded and manufacturer-administered
EPR program with state agency oversight. Under

the program, manufacturers of covered electronic
devices—including televisions, monitors, computers
(desktops, laptops, and tablets), and e-readers—fund
a statewide collection and recycling system that is
free to households, small businesses (fewer than 50
employees), small governments, special-purpose
districts, and 501(c)(3) charities.® The program is
operated by the Washington Materials Management
& Financing Authority (WMMFA), a manufacturer-
formed stewardship organization that contracts with
collectors and certified processors across the state.
The Washington Department of Ecology oversees
compliance, sets minimum performance standards,
and reviews five-year program plans submitted by

WMMFA 3 WMMFA's 2024 operating budget was
approximately $5.6 million.*® E-Cycle Washington
collected approximately 12.7 million pounds of
electronics in 2025 across more than 200 collection
sites and more than 480 million pounds of electronics
cumulatively since program inception.*' This structure
illustrates a state-overseen, manufacturer-administered
model in which a manufacturer stewardship
organization manages day-to-day operations and
contracting, while a state agency retains rulemaking,
compliance, and program plan approval authority.

State-Administered Program With Contracted
Operator: Vermont E-Cycles

Vermont's E-Cycles program, established in 2011, is
one example of a state-administered EPR structure
(distinct from the manufacturer-administered

EPR programs in most other states). The Vermont
Department of Environmental Conservation contracts
with the National Center for Electronics Recycling, a
nonprofit organization, to administer the statewide
program. The program provides free drop-off recycling
of computers, monitors, televisions, printers, and
computer peripherals for households, charities, school
districts, and small businesses.*? Manufacturers pay
an implementation fee based on market share and
total program cost. The program is administered as
part of the Vermont Department of Environmental
Conservation’s operating budget rather than as a
separate authority. Actual material processing is
performed by Vermont-based and regional recyclers
under contract. This structure illustrates a state-led,
manufacturer-funded, and contractor-operated model
in which the state agency retains program design
responsibility, manufacturers pay the operational costs,
a nonprofit administers, and private processors handle
the physical recycling.

County Drop-Off Partnership With State EPR
Processor: Repowered Minnesota

Repowered is a 501(c)(3) nonprofit enterprise

based in Saint Paul, Minnesota, that operates

a 91,000-square-foot electronics recycling and
refurbishing facility and processes approximately 3
million pounds of electronics annually. Repowered
reported approximately $4.35 million in earned
revenue and $4.2 million in total expenses in fiscal
year 2024.4% It is NAID AAA and R2v3 certified and
provides job training for individuals facing barriers to
employment, including people leaving incarceration.*
From 2022 to early 2025, Repowered served as

the official electronics recycling partner for Ramsey
County, allowing county residents to drop off covered
electronics free of charge—a model that is relatively
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uncommon in Minnesota, where most counties charge
collection fees.*® The county collection program
received approximately 800,000 pounds of e-waste
in 2023.%8 In April 2025, Ramsey County opened

its own Environmental Center as the primary public
drop-off location; Repowered continues to provide
processing capacity and remains a drop-off option.#
The Repowered model illustrates how a state-level
EPR framework—established under Minnesota’s

2007 Electronics Recycling Act—can be paired with

a nonprofit processor and a county collection point

to deliver no-cost service. Statewide, Minnesota’s
program facilitated the recycling of more than 20
million pounds of electronics in 2020, or approximately
3 pounds per resident.*®

Municipal Grant Support for Nonprofit Recycler:
PAR Recycle Works Philadelphia

PAR Recycle Works (People Advancing Reintegration)

is a Philadelphia-based 501(c)(3) nonprofit electronics
recycler that provides transitional employment for
individuals returning from incarceration. PAR employees
deconstruct a range of electronic and data-bearing
devices—including computers, printers, cellphones,

and other small electronics—sort and separate material
fractions for downstream commodity sale, and destroy
data on data-bearing devices, diverting more than
500,000 pounds of e-waste from landfills annually.*® PAR
is R2 certified but does not accept televisions or cathode
ray tube monitors, the categories most heavily covered
under Pennsylvania’s Covered Device Recycling Act.
PAR’s revenue comes from commodity sales, service
fees paid by its 250+ business and institutional supply
partners, and grant funding, including a 2023 grant from
the City of Philadelphia’s Office of Sustainability that
supports PAR’s workforce development efforts.>® PAR
reported total revenue of approximately $1.83 million and
total expenses of approximately $1.32 million for fiscal
year 2025.5" The PAR model illustrates how a municipally
supported nonprofit recycler can complement state EPR
programs by serving device categories and customers
outside the EPR system. Pennsylvania’s Covered Device
Recycling Act program—under which manufacturers
fund the collection and recycling of covered devices—
facilitated the recycling of 62 million pounds of
covered devices statewide in 2021, the most recent
year published.®?

Commercial Domestic Processors

In addition to the structures above, the bulk of U.S.
e-waste is processed by commercial recyclers and
information technology (IT) asset disposition providers.
The largest of these include ERI, which operates eight
U.S. facilities and reported processing approximately

105 million pounds of electronics for commodity
recovery in 2024, and Sims Lifecycle Services, which
operates multiple U.S. facilities focused on data-
bearing IT assets.>® Many state EPR programs, county
collection programs, and municipal collection events
contract with commercial processors—directly or
through their state’s approved processor list—to handle
downstream material rather than operating their own
processing capacity.

Conclusions

Effective e-waste management programs can divert
hazardous constituents from landfills and incinerators,
recover economically valuable materials, contribute
modestly to domestic supply of critical materials, and
in some cases support local workforce development.
While device design, processing technology, and global
commodity markets largely sit outside state, local, and
Tribal control, several levers are within their authority.
State-level levers include EPR program scope and
design—including weight-based collection targets

tied to prior-year sales, shortfall penalties, statewide
disposal bans, and free public drop-off requirements—
which available data suggest are associated with
higher per-capita collection rates. States also set
procurement and processor certification requirements
(such as R2 or e-Stewards) that shape downstream
material handling. At the local level, counties and
municipalities operate or contract for collection
infrastructure, partner with nonprofit and commercial
processors, and may pair e-waste programs with
workforce development objectives, as illustrated

by Ramsey County, Minnesota, and Philadelphia,
Pennsylvania. Electronics handling protocols, consumer
education, and consistent data reporting are additional
areas where state and local action can affect both
program performance and worker and facility safety.
The range of operational structures used in the United
States—including state-administered programs with
contracted operators, municipally supported nonprofit
recyclers, and manufacturer-funded EPR systems
served by commercial processors—indicates there

is no single best approach. Design choices can be
tailored to state policy context, municipal capacity, and
local priorities. As consumer electronics continue to
evolve and recovery of critical materials gains policy
and economic attention, e-waste programs are likely to
remain an active area of municipal, state, federal, and
Tribal decision-making.
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