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Outline

• Motivation and Objectives

• Current status: Challenges and Opportunities

• Model development approaches for tracking flow of electronics

• Model parameters and assumptions

• Demonstration of ADEPT

• Examples of model output

• Comparison with selected state data and model validation

• Conclusion



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 (lb) per person, or for 
a family of four 54 lb

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 lb of copper, 772 lb of 
silver, 75 lb of gold, and 33 lb of palladium can be recovered

Global-E-waste Monitor 2017

Total e-waste 
generated in 
2016 = 4500 
Eiffel Towers!
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Assess the flow of historic, current and potential future quantities of used 
electronics and electronic waste

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

Objectives

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 
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Domestic management
Treatment depends on state 

regulations

Export to 
developing 
countries

E-waste

Producer responsibility law
Consumer law
Manufacture education 
law

Landfilling

Recycling
Open burning

Land disposalAcid extraction

Incineration 

:Source:www.documentscotland.com/portfolio/e-wasteland/; 
www.flickr.com/photos/cogdog/9090732482; www.bbc.com/news/world-europe-108; 
http://www.epa.ohio.gov/dmwm/Home/Incinerators.aspx; www.bbc.com/news/world-europe108

US doesn’t have national legislation in effect on 
the management of e-waste. 

However, some states have local legislation. 5
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Approach

Manufacture

Purchase

UseCollection

Recycle

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

Assemble available information about the generation, recycling, 
export, recovery, reuse, and downstream flow of used electronics

Develop a flow model, identify data gaps, and devise methods to 
estimate, or ascertain, unavailable data

Assess environmental and economic impacts of the e-stewardship 
programs for the selected states
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Dimensions of Characterizing Flow of Used 
and Waste Electronics

Static

Dynamic

State Regional National

Future

Historic

Spatial
Dimension

Time
Dimension

Model 
Dimension

Bottom up 
approach

Top-down 
approach
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• Products change
• Volatile demand-

supply

• Accounts for flow variability, 
delays, accumulation

• Forecasting possibilities 
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E-waste Stock  – Flow – End-of-life Supply Chain Model
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Goals of Material Flow Analysis  –
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

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

Enable the comparison of different state practices

Identify data gaps for trade flows of used and scrap electronics, 
flows invisible to trade statistics
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Basic Approach to Quantifying E-Waste

Sales

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

Use
• Determine the typical distribution of product lifespans.

Disposition

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

*EOL – End of Life
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Weibull distributions to product lifetimes

e-waste (t) = ∑𝑖𝑖=0𝑡𝑡≤𝑇𝑇 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 � 1 − 𝑒𝑒
𝑇𝑇−𝑡𝑡
𝛽𝛽

𝛼𝛼

− 1 − 𝑒𝑒
𝑇𝑇−𝑡𝑡 −1

𝛽𝛽

𝛼𝛼

Where: t  = Year when the product was sold
T = Year when e-waste was generated
Salest = Industry sales for year t
β = Weibull distribution scaling factor
α = Weibull distribution shape factor

Sources: Baldé et al., 2014; US EPA, 2011, and Authors calculations

Lifetime depends on 
the type of product 

and economic sector
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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)
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Material Flow Analysis ‒ Assumptions

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
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Data Requirements to Model Flow of Products

Time period

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)



Quick Start

•Download as an Excel file and save it to a 
computer

•Open the file labeled INOUT

•Open the General tab on the Control    
Panel

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

•User selected year

15

ADEPT Control Panel Interface
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ADEPT for US – Interface Page 

Selection
• All states or 
• A single state

Waste by market

Waste generated by 
product type

Composition of Waste 
generated

Total Waste by Market
For Products sold through 2025

Advanced
settingsOutput options
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E-waste flow estimate example

State: Washington
Year: 2015

Products

Materials

RES – Residential
EDU – Educational institution
COM – Commercial organization
INST – Institutions (e.g., hospitals)
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Material breakdown of E-waste: ADEPT
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- Exponential growth between 1990 to 2010
- Composition varying in the last 20 years
- Devices getting lighter
- CRT glass generation in decline 
- Large quantities of CRT glass in storage

ADEPT – Multi-year output 1990 to 2040
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Generation of E-Waste in the US  
(in millions of tons)
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Estimated E-Waste Generation per capita

Year

2000 2002 2004 2006 2008 2010 2012 2014 2016
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Country Kg/capita

Global 6.1

Australia/New Zealand 17.3

Americas 16.6

Europe 11.6

Asia 4.6

Africa 1.9

Source: United Nation University (UNU) and 
Global E-waste Monitor, 2017

Total Electrical and Electronics 
Equipment Waste
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Advanced Setting of ADEPT  

• Behavior Table – assumptions
Process Efficiency, % material that goes to 
landfill for each stage

• Device composition
• Device weights
• Market share
• Lifetime
• Second life

Collection Transport Recycling

Transport

Transport

Transport

Battery 
Recycling

Metal 
Recycling

Plastic 
Recycling

Generation

η1 =85%η1 η2

η3
η4

Control Panel Behavior Tab Example of Behavior shows assumptions made for each products 

Advanced users can change assumption manually –
e.g. scenario analysis
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Model Validation
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E-Cycle Washington State 2016
(State collected data, weight in lb)

5,779,381

14,157,215

7,538,003

1,803,362

39,261

3,899,658

3,330,678 

83.1 wt%

9.5 wt %

7.4  wt%

TV

Household

Schools
Sml Bus.

30,551,166
26,425
18,614 35,586,872

Monitors

Household
Schools

Sml Bus.

3,411,368
59,165

13,732

Sml gov. 7,838 Recycled

Reuse

Non-recycled 
landfill

Computer

Household

Schools
Sml Bus.

2,641,320
66,360

16,840

Sml gov. 6,886

36,499,448

92,073

242,586

CRT -Glass

PCB

Metals

Plastics

Batteries

Wood

Temp. Stored 

42,193,038

99.09 wt%

0.66 wt%

0.25 wt%

Fractions

Collection

2,731,406

3,492,103

36,834,107

Sml Gov..
14,393

Hg containing
3,068
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Washington State
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Comparing Washington State collection with model 
prediction for EoL

State collection Model estimate
2009 80%
2014       100+%
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Washington State E-waste Collection

0

1

2

3

4

5

6

7

2008 2010 2012 2014 2016 2018

Co
lle

ct
io

n 
Pe

r C
ap

ita
 (1

/lb
)

Year

Washington State E-Collection per Capita

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

Average states Collection



27

Comparing Minnesota E-waste Collection with 
ADEPT Estimates

Passed in the 2007 Session/Amended 2016
 Manufacturer Responsibility based on sales 

weight
 Market-based Extended Producer 

Responsibility (i.e., higher cost efficiencies 
and substantial landfill diversion)

 Not based on return share or consumer fees 
on products as in other states

 Manufacturers, collectors, recyclers and 
retailers

 Selective collection and recycling, an 
increased burden on local governments

GreenGuardian.com 

Minnesota Act has a broader scope and device screen 
size designation than other states
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E-cycle Wisconsin Department of Natural Resources

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.

State Collection/
Model estimate
2011 90%
2014             96%

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

Year
2000 2004 2008 2012 2016
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Generation-EPA Estimate
Landfilled-EPA-Estimate
Recyled - EPA Estimate
Landfill-Model values
Recycled-Model estimate
Generation-Model estimate

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

https://www.epa.gov/smm/advancing-sustainable-materials-management-facts-and-figures
https://www.epa.gov/smm/advancing-sustainable-materials-management-facts-and-figures
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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 
• 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
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Access the Alternatives for Disposition 
of Electronics Planning Tool (ADEPT)
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Fraction of Used Electronics in the US
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