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Projects and Speakers

• Alternative Materials Assessment
– Alex Stone – Department of Ecology, State of 

Washington
• Metals Recycling

– Carol Handwerker - Purdue
• Repair and Recycling Metrics

– Lisa Dender - IBM
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Plan for the Session

• Each presenter will have 15 minutes to provide 
the findings of the project and talk about next 
steps

• Please provide your questions in writing on the 
cards provided by the runners in the room

• The three presentations will be followed by a 45 
minute Q&A based on the questions received
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Alternative Materials 
Assessment

Alex Stone, Sc. D.



Alternative Materials Assessment Project Overview

• Problem
– There	is	no	uniform	methodology	within	governments,	NGOs	or	industry	for	
examining	new	or	alternative	materials	for	environmental	or	human	health	
impacts.		As	a	result,	chemical	restrictions	are	inconsistent	and	can	
negatively	impact	the	product	roadmaps	of	electronics	manufacturers.	

• Opportunity
– Proactively	assess	and	benchmark	the	tools,	not	substances,	and	improve	
the	decision	making	process	for	evaluation	of	new	/	alternative	materials.	

– Develop	a	clear	understanding	of	tool	capabilities		and	implement	a	
business	process	/	methodology		to	develop	and	assess	new	or	alternative	
materials.

• Goal
– Develop	a		stakeholder	aligned	methodology	/	stepwise	approach	to	
develop	and	assess	new	or	alternative	materials.



Framework



Framework



Tool Evaluation Matrix



Oncologic™   

OncoLogic™ is a desktop computer program that evaluates the likelihood that a chemical 
may cause cancer. OncoLogic™ has been peer reviewed, runs on a Windows® PC, and is 
being released by EPA at no cost, to be available to any researcher or organization 
wishing to evaluate cancer potential of chemicals. 

P2OASYS 

Pollution Prevention Options Assessment System (P2OASys) tool is developed by TURI 
for a comprehensive and systematic hazard evaluation of chemicals, processes and 
products. Before using the tool, users must populate the hazard data into a macro-enable 
Excel spreadsheet for the current technology and the alternatives under consideration.  
The tool uses embedded formula to automatically calculate the respective aggregated 
scores  for comparison.  

Paris III 

The Program for Assisting the Replacement of Industrial Solvents (PARIS) III tool is a 
windows-based software tool developed by the US EPA to assist in solvent substitution 
and solvent design for reduced solvent environmental impact. The tool uses an internal 
database of chemical and physical properties as well as prediction routines to estimate 
values of solvent properties and thus create a solvent formulation to match user-defined 
tolerances. The tool key outputs are environmental impact scores for the original solvent 
formulation and ranking of alternative solvents with lower environmental impact. 

Tool Descriptions



Categorization of Tools

P2OASYS 61 criteria in 11 hazard categories
GreenScreen 18 Health and Environmental Endpoints

Table 1. Comprehensive Hazard-Based Summary Tools

Table 2. Screening Tools for Preliminary Evaluation

Column Model Kemiprio
GreenScreen List Translator Paris III
GreenWERCS QCAT
Isustain Scivera Lens

Table 3. Tools by Assessor Skill Level

Novice Moderate Expert
GreenScreen List Translator Column Model GreenScreen
GreenWERCS Paris III Isustain
Kemiprio QCAT Oncologic
Scivera Lens P2OASYS



Status/Conclusions

• Provides	Electronics	Industry	with	common	
framework	 for	performing	AA

• The	framework	was	derived	from	the	National	
Academies	Report

• Standardization	and	common language	will	help	the	
industry	in	the	new	green	chemistry	era

• Provides	an	evaluation	of	14	tools	that	can	be	used	
within	the	framework

• Groups the	tools	into	categories	useful	to	electronics	
manufacturers

• No single	tool	is	the	answer

Drive	industry	alignment	around	focused	methodology



What’s Next?

1. Run a chemical through the framework and look at how that works, 
results.

2. Industry alignment around existing tools
• Work toward/Develop a standard

3. Select methodologies/tools proposed from Phase 1 to screen the 
materials typically used in electronic products or manufacturing of 
products.  As part of this phase, pilots would be undertaken to apply the 
methodology to common materials in the electronics industry and 
feedback lessons learned into the tool development.  (Confirming 
Methodology or developing methodology if none was ID in Phase 1)

Looking for input on what to do next!!!



Metals Recycling

Carol Handwerker



Project Summary
Problem Statement

• Metals recovery from electronic product recycling is focused on high-
volume, valuable metals that are easily recoverable.  

• Current and future electronics will contain small quantities of resources 
available for recovery but are not currently recovered in today’s recycling 
infrastructure. 

Purpose and Scope
Conduct an analysis of 

• needs and readiness of current and future metals recovery, as it applies to 
consumer electronics, enterprise electronics and future ICT  

• how the trend toward miniaturization, product dematerialization, and the
introduction of new heterogeneous materials systems create new 
challenges with respect to materials supply, materials recovery, and 
electronics recycling

• how these interact to affect metals recycling now and in the foreseeable 
future

• Develop recommendations for a path forward



Information Sources

• Published literature: UN Environmental Programme
series, Umicore, RIT – Graedel, Meskers, Hageluken, 
Stevels, Ostrom, Babbitt, Dahmus, Gutowski, and others



Information Sources

• Surveys and individual interviews with smelter 
operators, recyclers, NGO representatives
– E-Scrap & TMS

• Presentations from outside sources and 
representatives

• Data from member companies
• Discussions with key community members and 
other teams

• Analyses by project team



Key Findings: 
Metals Available for Recycling
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• Many metals critical for high tech products occur in 
small quantities per product, and are recovered at very 
low rates, if at all.
– Some high tech metals (Au, Pd, Pt, …) are recovered –

intrinsic value as commodities
– Many specialty metals in electronics (Co, rare earth 

elements, Li, In) have unique properties but have low 
intrinsic financial value for metals recovery and are 
not recovered yet

• Value of metals per product is decreasing and the cost 
of recovery is increasing



Key Findings: 
Determining Economic Value from Urban Mining

Metals Recovery Value (MRV) determined by 
• quality, concentration, and commodity value of all the 

metals in the product, 
• efficiencies and costs of collection, separation, sorting, 

processing/extraction, and treatment of waste
• particular supply chain operating

• Leads to 2 simple equations needed to understand the 
current economic state of metals recycling  -
– Cost and revenue
– Financial analysis only
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Efficiencies Across the Recovery Chain
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Revenue = commodity price * metal available in the product  * total 
recovery efficiency Efinal , which is the product of the efficiencies of the 

individual SEQUENTIAL steps

=  Price/kg * kg metal * Ecollection * Eseparation * Esorting * Eprocessing

Profit = Revenue - Cost of recovery 

Two more equations needed for 
social and environmental costs and benefits

From UNEP Report on 
Metals Recycling



Key Findings: Metals Recovery 
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• Economic viability of electronics recycling is dependent on 
other IT asset management functions
– data security, logistics, brand protection, and reuse of some 

fraction of recycled electronics.

• Increasing reuse value and improved collection will be critical 
to recovering value and reducing environmental impact in the 
future, and will ultimately increase the quantity and quality of 
metals recovered.

• CSR and voluntary standards and certifications such as 
EPEAT, eStewards, and R2 have today and will continue to 
have a major impact on what gets recovered. 

• An integrated infrastructure and supply chain with supportive 
societal and corporate values are necessary to return value 
all along the chain without creating environmental damage 
and impacts on human health.



Key Findings: iNEMI Role 
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• Key role for iNEMI and its members to play in increasing 
metals recovery, while promoting sustainable electronics.  
– Focus on value recovery through Design for Sustainability.
– Innovative designs, business models, technologies, supply 

chains

• Of particular importance is the ability of iNEMI to engage 
stakeholders across the life cycle of electronic products 
to examine new approaches to managing critical 
resources while protecting human health and safety and 
the environment. 

• iNEMI Environmental Leadership 
– Emerging Green 2015, September 22-24, 2015, Portland OR



Reversing a Tragedy of the Commons

• Elinor Ostrom – 2009 Nobel Prize in Economics -
developed an analytical framework for action 
plans and solutions to the kinds of challenges 
we face in increasing metals recovery 
– Key characteristics and metrics for systems that can 

self-manage limited resources
– Strategies to create incentives for action by 

stakeholders to protect common resources when it is 
not in the self interest of any individual stakeholder, 
operating independently, to do so.

– This work will be the focus for a subsequent phase of 
this project. 
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Metals Recycling: Path Forward

• Develop a voluntary, community-based solution 
involving adaptive governance systems to 
manage common pool resources
– Legislation is not practical or advantageous
– Path forward is through a multi-stakeholder 

collaboration that articulates a vision and develops 
scenarios for enhancing value recovery of electronics 
and metal resources.

• First challenge for such a process is to develop a 
set of rules for interaction of institutions 
involving a mix of stakeholder types, business 
models, value systems, …
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Repair and Recycling Project

Lisa Dender



Recycling and Repair Metrics Project 
Overview

Problem
• There has been no agreed upon quantifiable set of metrics or tools for measuring 

an electronic product’s true reusability, reparability and recyclability, though new 
guidance documents have been recently released that may address part of the 
issue. 

• An assessment of any existing standards or guidance documents and review for 
how they may be applicable to the electronics industry is needed.

Opportunity
• To provide a single industry wide methodology for the quantification of the 4Rs –

Reuse, Repair, Recycling and Remanufacturing
Objectives:

• Build an evaluative framework from a set of criteria and traits that need to be 
measured to determine, at least true recyclability, and reparability 

• Conduct an assessment of whether existing practices/tools/specifications 
(especially IEC TR 62635) is adequate to meet the needs of industry and others 

• Identify gaps and make recommendations for the need to develop robust 
methodology and tools

Phase I – gaps and needs; Phase II – Methodology



IEC TR 62635 Formulas

Product Recyclability Rate Calculation:

Product Recoverability Rate Calculation:

• The equations are easy…what goes into each equation is difficult

• Recovery in the EU includes “waste to energy”, but in the US that 
is generally not included.

%100
massproduct  Total

partseach  of masses erecoverabl of Sum
cov ×=R

%100
massproduct  Total

partseach  of masses  recyclable of Sum
cyc ×=R



Key Gaps

• The industry has only one type of metric – mass 
based in its most simplistic form – and that 
measure alone is inadequate

• Economic practicality is not included in 
standards today

• Product designers control material and design 
choices which affect downstream costs. Product 
recyclers and repair/reuse/refurbish companies 
control where and how e-waste is handled.  The 
market controls what materials are recovered.  
No metric or guidance links these together. 



Recycling and Repair Metrics Project 
Overview

Recommendations

1) Develop a better recyclability metric that incorporates a 
scoring factor which assigns a reasonable impact value 
based on the design and a weighted recovery rate which 
brings the actual recycle results into the traditional mass-
based metrics.

2) Develop an assessment tool for the disassemble-ability 
of the product for repair and parts recovery. 



The Future

• Need for “Big Analytics” to be completed
• Definition and Alignment on a single metric (or 

metric features)
• Define workstreams that align (or enhance) work 

with activities in the EU, US and technical 
committees like TC 111 (IEC TR 62635)

• Investigate what Asia-Pacific is doing
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Lead or Follow or Roadkill?

• If you don’t come up with a metric, someone 
else will, with or without your input and you will 
have to do it.

• Do we want to actively develop a meaningful 
metric that addresses economics and 
environmental impact or do we want the  NGOs, 
lawyers and lobbyists to create something we 
have to live with?
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More Information



More Information

• Alternative Materials Assessment
– http://www.inemi.org/project-page/alternative-materials-

assessment
– Leo Kenny - leotkenny@comcast.net
– Cory Robertson - cory.robertson@hp.com
– Stephen Tisdale - stephen.tisdale@intel.com

• Metals Recycling
– http://www.inemi.org/project-page/metals-recycling
– Carol Handwerker - handwerker@purdue.edu

• Repair and Recycling Metrics
– http://www.inemi.org/project-page/repair-and-recycling-metrics
– Lisa Dender - lmdender@us.ibm.com
– Wayne Rifer - WRifer@greenelectronicscouncil.org
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R&R Backup



Technical and Economic Recyclability 
Recommendations

• Develop a better product recyclability metric by 
adding a scoring factor for designs and an actual 
weighted recyclability rate.
– Complete the IEC TR 62635 research to address regional based recycling 

rates of individual materials for all major product types and regions.
– Develop and incorporate a product design related scoring factor to 

evaluate the practical impact of the design on recyclability (semi-
quantitative, links to economics, addresses liberation) and leverage to 
repair/reuse/refurbishment as appropriate.

– Develop and incorporate a weighted recoverability/recyclability rate using 
actual recycle/recovery data.  To do this we need to:
• Develop a worldwide, regional recovery/recycling rate database, which shows the actual 

recovery rate of materials including regional treatment options and materials markets

– Develop a methodology for the calculation of economic recyclability in 
combination with database containing realistic assumptions of related 
costs/pricing



Reuse/Repair Recommendations

• Develop an assessment tool to objectively 
determine the disassembleability of a product 
for repair and parts recovery
– Include product-specific design metrics by using a relative 

scoring system similar to what is recommended for building a 
recycling metric that focuses on non-destructive disassembly

– Estimate the difficulty to remove specific items for parts recovery, 
repair, or maintenance 

– Analyze disassembly times and complexity 



Key Conditions Necessary for Self-Management 
of Common Pool Resources

1. System dynamics need to be sufficiently predictable
2. Number of users are well known and are of limited numbers, so that 

the stakeholders can be identified and included in organization.
3. Leadership exists – The electronics industry is well organized by 

industry associations and certain large companies are recognized as 
leaders. In terms of sustainability, iNEMI, the US EPA, and others have 
brought together key stakeholders to develop future scenarios and 
roadmaps to sustainability.

4. Users of…resource systems…share moral and ethical standards 
regarding how to behave in groups – The industry has worked well 
together on many initiatives, e.g. RoHS transition, iNEMI, EICC, IEC & 
EPEAT standard development.

5. Recognized importance of resource to users – The increasing 
reliance of electronic products on the performance of certain technology 
metals, and the presence of geopolitical risks to their supply, have been 
well documented.  In addition, EoL electronics have been recognized as 
objects of potential value, whether for reuse, remanufacturing, or 
recycling.
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