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EPA Impetus

Americans currently own more than 3 billion electronic products. The average
American owns 24 units per household

In 2016, the global e-waste average was 13.5 pounds (Ib) per person, or for
a family of four 54 Ib

Less than 30% of electronics is recycled; the rest is landfilled, incinerated,
exported or disposed of indiscriminately

For every 1 million cell phones that are recycled, 35,274 |b of copper, 772 |b of
silver, 75 |Ib of gold, and 33 |b of palladium can be recovered

Total e-waste
generated in
2016 = 4500
Eiffel Towers!

Global-E-waste Monitor 2017



< EPA Objectives

Assess the flow of historic, current and potential future quantities of used
electronics and electronic waste

Evaluate the existing methods for quantifying and tracking used
electronics
/

Develop an information-based method for estimating the flow of used
electronics and electronic waste within the US

Estimates are expected to inform formulation of e-waste policies,
management of take-back programs, and policy implementation monitoring

Enable the assessment of potential effects of the state-level electronics recycling
requirements (e.g., benefits and drawbacks)
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SEPA Approach

Select a representative sampling of states that will serve as the proxy for
assessing the practice of used electronics management across the US

Manufacture

Assemble available information about the generation, recycling,

export, recovery, reuse, and downstream flow of used electronics - m

Recycle

Develop a flow model, identify data gaps, and devise methods to

estimate, or ascertain, unavailable data “
ollection

Assess environmental and economic impacts of the e-stewardship
programs for the selected states




EPA Dimensions of Characterizing Flow of Used
and Waste Electronics

* Accounts for flow variability, Model
delays, accumulation Dimension
* Forecasting possibilities ﬁ
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| Goals of Material Flow Analysis —
EPA Model Development

Estimate the flow of specific quantities of e-waste materials — CRT glass in storage
— recycler or exported

Estimate the future quantities of used electronics for which appropriate
infrastructure is needed

Identify data gaps for trade flows of used and scrap electronics,
flows invisible to trade statistics

Provide state policy makers a decision support tool with which to conduct
scenario assessments

Enable the comparison of different state practices




< EPA Basic Approach to Quantifying E-Waste

e Obtain historic sales data for products delineated by region and time
e Develop average weights for products in each year

e Determine the typical distribution of product lifespans.

e Calculate number and weight of products entering EOL* management annually
e Determine collection rates of products entering EOL management by region

*EOL — End of Life

10



<vEPA

Weibull distributions to product lifetimes

e-waste (t) = Y!=] Sales, - l(l — e(%)a) — (1 — e(

Where: t = Year when the product was sold

)

-

Lifetime depends on
the type of product
and economic sector

~

)

T = Year when e-waste was generated

Sales;, = Industry sales for year t

B = Weibull distribution scaling factor

a = Weibull distribution shape factor R/(

Residential Product Life time sox . Non-Residential Product Life time
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EPA Objectives of a Material Flow Analysis (MFA)

Track the flow of electronic materials through to end use or disposal

Implement a guidance tool which serves as a proxy for a regional environmental
management and audit platform

\
—

Identify data gaps, define the basis for evaluation

Assess data requirements in a decision-oriented manner in concert with other
complementary tools

Examine short- and long-term flows and volumes as well as potential accumulated
stockpiles

MFA is an accounting and analysis tool that is based on a systems approach and mass balance.
The system consists of a system boundary (e.g., state or region, processes, stocks, flows)

12



- EPA ' Material Flow Analysis — Assumptions
N

Product Sales: Historic sales data using historical 7-year growth trend (2000-2007 and

2007-2015) exception using 3-yr growth for flat panel TVs, State % of National GDP obtained
from US Bureau of Economic Analysis (BEA) used to distribute national product sales

\

Market Share: market shares for product purchases based on real data on market
share (consider BEA’s Total Requirement Tables)

Lifetimes: Limited historical data available on the life span of electronic devices.
Product lifetimes developed from UN data using Weibull distribution curves

Weights: Product weights assumed to be constant since 2007 EPA model estimates

13



EFPA Data Requirements to Model Flow of Products

N\

\
Region (e.g., city, state, country)

Type of consumer (e.g., residential, commercial, institutional)
Product sales

Product weights (average or model-specific weights)
Product life spans (including reuse)

\ EOL management pathways (e.g., reuse, recycling, disposal, export)

14



< EPA Quick Start

ADEPT Control Panel Interface ¢€

ADEF| Control Pans=|

| senera |Eae;@ecm'Tﬁe-':aw'erTr)-:-te‘sICcr"Deﬂ'c-':Tl."..'e'gm:I_'r&"ﬂe-sTGc;mw-}{ . Download as an Excel file and Save it to a
computer

The conirol panel & devigned fo provide oggegote adjustments of the
undethying assumptions. The guestions and inpuls posed here are net the . °
tull sult of undefying assumgtions but are Inftead composies of mMuitiple O p e n th e fl | e I a b e I e d I N O UT
dimensicns. To odjust ot the deoggregoted =vel pleose sove o s=paroi=
copy the mods! ond charnge inputs drectly (fes the nowigaton inks in

The IMGUT snest). The update button below wil fronster the wser Inguts N
this cormiol panel to the modal but will ouioma fically updaotie reulis.

Please be patient and onty cick the button once. The update process

S ® Open the General tab on the Control
Panel

® User can choose the analysis for a
selected state or for the whole US

Individuaol Year s ! | ‘ |

Run Mocdel (Exil Comlral Paned) ® U S e r S e I e cte d ye a r

Load Conirol Famnel Seflings irom File Save Conbrol Fanel 32tfings to File
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SEPA ADEPT for US — Interface Page

product type

Composition of Waste
generated

Total Waste by Market
For Products sold through 2025

Waste by market e

N

Selection -
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ot oot B Advanced
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put op o * / settings
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<vEPA

E-waste flow estimate example

Products )

Total Weight Disposition in 2015 (Metric Tons) .
Producs RES [ Epu com | NS Tokal State: Washington
Cell Phones 192.41 12.64 140.46 24.57 370.08 Year: 2015
Color CRT <19" 212851 532.13 2,660.44
Color CRT>19" 6,668.44 1.667.11 8,335.56
Color Projection 2,434.22 608.55 . - 3.042.77
Deskiops 1.928.01 2.306.24 1,597.07 825.35 6,656.67
Flat Panel TVs 2,449.52 612.38 - - 3,061.89
Hard Copy Peripherals 2,104.05 260.53 1,496.64 250.43 511187 . .
Keyboards 27,42 1200 3128 158.65 1,057.66 RES — Residential
Mice 64 1746 1708 M s488 EDU - Educational institution
Monochrome 8841 22.10 . - 110.51
PC CRIs 970.00 115231 0.12 2399 2,146.41 COM - Commercial organization
PC Flat Panel 1,899.94 2,280.66 2,063.39 1,035.49 727947 L. .
Portables 1.50227 0282 126256 597.86 3,645.51 INST - Institutions (e.g., hospitals)
Total E-Waste Disposal 23,649.42 10,097.42 6,890.61 292626 4356392
- Material Commodity Market | Landfill Total
Aluminum 1,433.47 644.40 2,077.87
Battery 399.40 180.19 579.79
Copper B805.13 341.33 1.1646.45
CRT Glass 5,909.62 2.649.29 8,558.91
CRT Lead 453.33 292.89 944.22
. Ferrous Metal 7.897.45 3,454.37 11,151.81
Materials — Flat Panel Display Module CCFL 1,903.77 854.71 2,758.48
Flat Fanel Display Module LED 14%.11 75.84 24495
Other 328.04 147.62 475.66
Other Metals 215.93 #7.21 313.14
PCB Material 2,648.43 1,189.03 3,837.46
L |Plostics 7,907.32 3,545.85 11,453.17 -
Total E-Waste Disposal 30,071.19 13,492.73 43,563.92




\e’EPA Material breakdown of E-waste: ADEPT

Metric Tons

Material Breakdown for Landfill

ADEPT — Multi-year output 1990 to 2040
for Products Sold through 2025

- Exponential growth between 1990 to 2010
- Composition varying in the last 20 years

- Devices getting lighter

- CRT glass generation in decline
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Generation of E-Waste in the US

(in millions of tons)

Weight, Metric tons

2.0e+6 -

1.8e+6 -

1.5e+6 -

1.3e+6 -

1.0e+6 -

7.5e+5

5.0e+5

2.5e+5

0.0 -

HRN

i NNNNNNZZ Ml 2
_m% LY

2000 2002

ﬁ
F

2004 2006 2008 2010 2012

Year

—@-— Total E-Waste

[
AN

=
[T
I
|

W

PC-CRT
CRT-TV>19"
CRT-TV<19"
cellphone
Desk Top
Hat panel TV
Peripherials
Portable
Projection TV
Flat Panel TV

2014 2016

19



Change in the material composition E-waste

Weight, Meteric ton
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<z EPA Estimated E-Waste Generation per capita

7 Total Electrical and Electronics
Equipment Waste

2 | Country |
o 6 — | y g/cap
%’,’ ' Global 6.1
: 5 | Australia/New Zealand 17.3
‘% Americas 16.6
)
S 4@ Europe 11.6
ED_, - Asia 4.6
N -
=2 Africa 1.9
® 3 -
; L

2

2000 2002 2004 2006 2008 2010 2012 2014 2016
Source: United Nation University (UNU) and

Year Global E-waste Monitor, 2017 4



v EPA Advanced Setting of ADEPT

Control Panel Behavior Tab

Example of Behavior shows assumptions made for each products

Behavior Table — assumptions Waste Flows _ Product Recycled S Landil
Ist Use Desktops 55% : ' 2%

Process Efficiency, % material that goesto - -
landfill for each stage I
Device composition N N4 ﬁaﬁ'&ﬁ

Device weights T D
Market share m 1, n, =85% I

Lifetime =

= - I TS TY R
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[S=]
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2=
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=
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=

W
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Plastic

WEIE.

. Metal
Advanced users can change assumption manually — Transport
e.g. scenario analysis






EPA E-Cycle Washington State 2016
(State collected data, weight in |b)

14,157,215
> CRT -Glass -
0.25 wt%
30,551,166 83.1 wt%
Household 7,538,003
Schools 35,586,872 Metals —=]>
Sml Bus.
Sml Gov..
_ 5,779,381
Household 9.5 wt % Hlesiies ->
Schools =——————p
Sml Bus. Monitors ) 3,899,658
Collection 36,499,448
Sml gov. Recycled PCB .
36,834,107 39,261
Batteries —
0,
74w 242,586 99.09 Wit
Computer o 3,068
=P|  Hgcontaining | el
1,803,362
Non-recycled —;[ Wood —_—
landfill
3,330,678

0.66 Wt% = Temp. Stored r—'
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<

Comparing Washington State collection with model
prediction for EolL

Used Electronics, metric ton

25000

Washington State

20000 ~

15000 -

10000 -

5000 ~

State Model Estimate : .
. State collection Model estimate
collection ) )
- 2009 80%
N\, N u u _ 2014 100+%
2008 2010 2012 2014 2016

year 25



<vEPA

Washington State E-waste Collection

Collected CEP, Ib

be+7

Washington State Total Used Electronics Collected

4e+T7 -

3e+7 -

2e+7 -

1e+7 -

. TV

B Monitors
S computers
-@- Total

2009 2010 2011

2012 2013 2014 2015 2016
Years

Washington State E-Collection per Capita

TN

Average states Collection

Collection Per Capita (1/Ib)
o = N w AN Ul (@)} ~

2008 2010 2012 2014 2016 2018
Year

According to “Waste 360” in 2014, US generated
7.8 million tons, which is 48.6 Ib/inhabitant

26



o EPA Comparing Minnesota E-waste Collection with

S ADEPT Estimates
Minnesota collection data
18000 ﬁ_ Passed in the 2007 Session/Amended 2016
16000 E S N N S N N Manufacturer Responsibility based on sales
14000 - \ \ \ S \ \ N T e
N N gl N g mN BR m Market-based Extended Producer
g 12000 - N B " I\ ‘il I\ \ii Responsibility (i.e., higher cost efficiencies
— 10000 4 'l A "\ I\ 'l |\ \ and substantial landfill diversion)
-f_‘:) 5000 - " I\ \ S " I\ \ = Not based on return share or consumer fees
[ N N k& \ 0 F on products as in other states
= 6000 - S mmm State Data § i m Manufacturers, collectors, recyclers and
4000 1 \ = Model Pred. '\ I\ei retailers
'\ N N N R AR I m Selective collection and recycling, an
2000 7 \ N \ \ \ N \ increased burden on local governments
0 .‘\ .\ N .\ .‘\ .\ N

2008 2009 2010 2011 2012 2013 2014

Minnesota Act has a broader scope and device screen

Year size designation than other states

27
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\e’EPA E-cycle Wisconsin Department of Natural Resources

Wisconsin .
Electronics

N - Ba n_ned _ State Collection/

m from Wisconsin

B B Landfills
and Incinerators 2011 90%

m Televisions 2014 96%

m Computers (desktop, laptop,

0000 netbook and tablel computers)

m Desktop printers (including
those that scan, fax and/or copy)

20000

Model estimate
15000 -

Metric Ton

m Computer monitors

5000 7 Hl State Data m Other computer accessories
1 Model Pred. B (including mice, keyboards and

speakers)
I I m DVD players, VCRs and DVRs
0 . . . . . Fax machines
2010 2011 2012 2013 2014 m Cell phones

Year

The 2009 Wisconsin Act 50 banned most electronics from state landfills and incinerators. Electronics must be

reused or recycled or managed as hazardous waste under federal and state hazardous waste laws. 28



E-Waste Generation and Landfill Disposal
Model Prediction vs US EPA Data

Weight of E-Waste, ton

1e+7

1e+6

1e+5 1

@ Generation-EPA Estimate
v Landfilled-EPA-Estimate
[ Recyled - EPA Estimate

—@— Landfill-Model values
—@— Recycled-Model estimate
—y— Generation-Model estimate

2000 2004

2008 2012 2016

Year

——Source:

Advancing Sustainable Materials
Management: Facts and Figures

https://www.epa.gov/smm/advancing-sustainable-
materials-management-facts-and-figures

https://www.epa.gov/smm/advancing-sustainable-
materials-management-facts-and-figures

29


https://www.epa.gov/smm/advancing-sustainable-materials-management-facts-and-figures
https://www.epa.gov/smm/advancing-sustainable-materials-management-facts-and-figures

Current Status and Data Gaps

* Flow model has been reviewed by several groups — states, EPA program and
regional offices, recyclers, academics

* Provides good estimates of used electronics products and material
composition for states that are not collecting data

* Indicates changes in product design favor reducing product weight as
opposed to reducing toxicity or increasing recyclability

* May identify a discrepancy between model prediction and state data

e Could be due to selectivity in collection and recycling for products with high materials
values and low processing costs (e.g., TVs with CRTs cost high to recycle compared to
computer or laptops)
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Model Limitations and Data Gaps

* Limited regionally distinct data on sales, collection and disposition.
Regional models could show the gap in collection, recycling and
infrastructures between rural and urban area

 Lack of product sale projections
* Characterization of regional flows and final disposition

* Does not consider recycler market economics, e.g., impact of commodity
market prices on recycling flow process

31
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Chemical Engineer Sarah Murray, Wisconsin Department of Natural Resources
CESER, US EPA ORD Collie Babbitt, Rochester Institute of Technology
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Research Scientist
CESER, US EPA ORD
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The views expressed in this presentation are those of the authors and do not necessarily
reflect the views or policies of the US EPA.
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Fraction of Used Electronics in the US

W1 Fraction of e-Waste
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