02 June 2014
Solving the E-Waste Problem (Step) White Paper

stc

solving the e-waste problem

ISSN: 2071-3576 (Online)
ISSN: 1999-7965 (In-Print)



=
Recommendations for Standards Development S t G p -
A

@06

United Nations University/Step Initiative 2014

This work is licensed under the Creative Commons by-nc-nd License. To view a copy of this
license, please visit http://creativecommons.org/licenses/by-nc-nd/3.0/

This publication may thus be reproduced in whole or in part and in any form for educational
or non-profit purposes without special permission from the copyright holder, provided
acknowledgement of the source is made. No use of this publication may be made for resale or
for any other commercial purpose whatsoever without prior permission in writing from the
Step Initiative/United Nations University.

The Step Initiative/United Nations University would appreciate receiving a copy of any publi-
cation that uses this publication as a source.

Disclaimer
Step White Paper Series

The Purpose of a Step White Paper is to state and explain Step’s position on e-waste relat-
ed issues, to make scientific-based recommendations and to provide guidance to relevant
stakeholders and decision makers. Because all Step members endorse the conclusions
made, all White Papers reflect a common Step standpoint.

Nevertheless, this White Paper is not an official document developed or endorsed by the
Secretariat of the Basel Convention on the Control of Transboundary Movements of Haz-
ardous Wastes and Their Disposal.

1 Solving the E-Waste Problem (Step) Initiative White Paper


http://creativecommons.org/licenses/by-nc-nd/3.0/

A~
- Step Recommendations for Standards Development
A

Acknowledgements

We take pleasure in thanking those Step members and external experts who have actively de-
veloped this Step White Paper.

e Mars, Carole (The Sustainability Consortium, Arizona State University)
e Mangold, Jennifer (The Sustainability Consortium, University of California, Berkeley)
e Nafe, Christopher (The Sustainability Consortium, Arizona State University)

We also acknowledge the work of those who contributed to the original Step Green Paper that
served as the foundation for this work.

e Ahlquist, Daniel (United Nations University)
e Boeni, Heinz (EMPA)

e Choi, Sunghee (United Nations University)

e Crock, Wesley (United Nations University)
e de Caluwe, Nils (Philips)

e Deubzer, Otmar (United Nations University, Institute for Sustainability and Peace)
e Gunsilius, Ellen (G12)

e Huisman, Jaco (United Nations University)

e Kuehr, Ruediger (United Nations University)
e Leroy, Pascal (WEEE Forum)

e Pollard, Karen (US-EPA)

e Rifer, Wayne (Green Electronics Council)

e Rodgers, Stephen (Ericsson)

e Schluep, Mathias (EMPA)

e Schroeder, Gideon (Cisco)

e Van Kerckhoven, Thierry (Umicore)

e Whiting, Patricia (US-EPA)

e Zanen, Jan (Chiho Tiande)

Solving the E-Waste Problem (Step) Initiative White Paper 2



~\
Recommendations for Standards Development S t G P -
A

Table of Content

F o 0] 017/ 10 SRR PSP PR PRRPRN 4
=] T T [0 SO USPPRTRPR 5
EXECULIVE SUMMBIY ...ttt bbbttt b bbbt 8
R o oo (U4 1 o] o USSR 13
| B O o <ot 5 APPSR UPRSPPRPN 13
1.2 Target AUGICIICE. .....eeiuieiiiiieiiieie ettt nneas 13
2 Summary of Existing Standards and Regulations.............ccoceveiiineninininceee, 14
2.1 Standards versus Regulations............cccoiiiiiiiiiiiiieiii e 14
2.2 Overview of EXiSting PrOZrams ..........cccoiiiiiiiiiiiiiic et 14
3 Common Elements of E-waste Management Standards............cccccoeeviiineniiieenenen, 15
T8 B 415 o T D175 T ) s APPSR 15
3.2 Precautionary PriNCIPLE .......ccooiuiiiiiiiiiic e 15
3.3 Scope and ReSpOnSIDILItIES .......eevviviiieeiiiiiiiieee e 15
S0P e 15
WaSEE HIETAICRY ... e 16
Operational RESPONSIDIIITY ........cviiiiiiiiiiiiee e 16
3.4  Systems Thinking Approach ..........ccccceiiiiiiiiiiiii 16
(G0 )Y -0 PP 16
Metrics and Targets for Program Performance ...........ccocueveiiieienenc s 17
Requirement Setting and PeriodiC REVIEW............ccoiiiiiiiiiinieeeee e, 17
4 General REQUITEIMENTS .......ccuoiiiiiiiiiii ettt bbbt 18
i R 1315 (e 017 5 ) s PO UPRRUPRTRRPIS 18
4.2 Legal COMPIANCE .....eeiiiiiiiiiiie ittt e e nne e 18
4.3 Financial Liability and INSUTANCE ..........cccuevviiiiiiiiiiicii e 18
4.4  Material Flows and Downstream Due Diligence ...........ccccocveiiiiiiiiiiiiiie e 18
Material FIOW DOCUMENTATION........ccuiiieiieieciesiee et nneas 19
Downstream DUe DIlIENCE .......cocviiiiiice e 19
4.5  Environmental, Health and Safety Management Systems ...........ccccceviiiriiiieniieeninnns 20
4.6  International Labour Standards ...........ccccceiiiieiiiiciiee e 20
5 Collection, Transport @and STOFA0E ..........cccvveiieiiieiiie it sre e 21
5.1  Hazardous MaterialS...........ccuvieiiiiiiieiiiii e 21
RIS 10§ (51o7 5 o) PRSPPI 21
Site Organization and ManagemeNt ..........ccveieeiiiiiiie i 22
DAtA SECUIILY .eveevii ittt et r e et e et e e be e s st e e beesneeeree e 22
5.3 TTANSPOTT ettt 22
General CoNSIABIALIONS ........ccveviiieiierie e ete et e e e e e et eae e e reeneesneesneeneenres 22
Transboundary SNIPMENT.........ccuoiiiiii e 23
R N () Yo TSP PR PP PR PPN 25
SIte SPECITICALION .....eeviee ettt e st e e e e eeennes 25

3 Solving the E-Waste Problem (Step) Initiative White Paper



—~N
- ste P Recommendations for Standards Development
|

B TIEAIMENT ... 25
6.1  General CoNSIACTATIONS ....cc.vvieiieeeiiieesiieeesieee et e e e e s e e st e et e e e ssbe e e ssae e e ssseeeseeeanseeeanes 25
Preparation for Reuse and Refurbishment............cccooiiiiiiiiiicic e, 25
RECYCHING ..t bbbt 26
Incineration and Final DiSPOSal...........cccvevuiiiiiiiie e 26
6.2  Hazardous MaterialS..........cccuiiiiiiiiii ittt e ettt e e st ae e e e e e e 26
Identification and Removal of Hazardous Materials............ccccooeieiiiininicc 27
Downstream Treatment of Hazardous Materials............ccooeoeiiieniniiininiecee 27
7 Operator Assessment and AUAITING ........ccooviiiiiiiii e 28
7.1  Review Periods and ReViSion PTrOCESS ......ccuveiiiiiiiiiiiiiii i 28
7.2 Auditability REQUITEMENTS .....ccvviiiiiiiiiie e 28
7.3 Third-Party Assessment and AUdIting.........cccerviiiiiiiniiiiiic e 28
8 BIDIIOGrapNy ... 30
S N ] 012 PP P R UTRTURRPRUROT 34
A: Summary Table of Existing Standards and Regulations ............cccocvviiiiiiiiniiiiciin, 34

List of Tables

Table 1: General REQUITEIMENLS ........ciuviiiiiiiieeiiieie et ne e 35
Table 2: Handling, Transport, Storage and Treatment of E-Waste............cccccvviiiiiiiiiiicnnnn, 37
Acronyms

CA Conformity assessment

CFL Compact fluorescent bulb

CRT Cathode ray tube

DfE Design for environment

DfEoL Design for end-of-life

DfR Design for recycling

EEE Electrical and electronic equipment

EoL End-of-life

ISO International Standards Organization

LCD Liquid crystal display

OHSAS Occupational Health and Safety Assessment Series

Solving the E-Waste Problem (Step) Initiative White Paper 4



.
Recommendations for Standards Development St{ ” p -
W’

PBB Polybrominated biphenyls

PBDE Polybrominated diphenyl ethers

PCB Polychlorinated biphenyls

Step Solving the E-waste Problem Initiative

Definitions

Audit Systematic, documented process for obtaining records,

Best Available Technology

Certification

Collection

Cold cathode fluorescent lamp

Conformity assessment

Disposal

Effectiveness

Efficiency

EEE

statements of fact or other relevant information and as-
sessing them objectively to determine the extent to which
requirements of a standard are fulfilled (ISO 17000).

The latest stage of development (state-of-the-art) of pro-
cesses, facilities or methods of operation indicating the
practical suitability of a particular measure for the collec-
tion, transport, storage and treatment of e-waste (OECD
n.d.).

Issue of a third-party statement that fulfillment of the
requirements of a standard has been demonstrated related
to products, processes, systems or persons (ISO 17000).
The gathering of waste, including the preliminary sorting
and preliminary storage of waste, for the purposes of
transport to a waste treatment facility.

Lamp used as backlights in flat panel displays; contains
mercury (Step, 2012).

Demonstration that the requirements of a standard
relating to a product, process, system, person or body are
fulfilled (ISO 17000).

Any collection, sorting, transport and treatment of waste
as well as its storage and tipping above or underground
which is not recovery even where the operation has as a
secondary consequence the reclamation of substances or
energy.

Considers how successful a program is with respect to
preventing pollution and recovering the environmental or
economic value contained in e-waste (Huisman 2003).
Considers the trade-offs between the environmental
benefits and impacts of an EoL operation (Huisman,
2003).

Electrical and electronic equipment.

Equipment that is dependent on electric currents or elec-
tromagnetic fields in order to work properly and equip-
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Electronic waste (E-waste)

End of life (EoL)

EoL operation

EoL operator

EoL standard
Final disposal
First party
First-party

conformity assessment

Handling of e-waste

Prevention

Recovery

Recycling

ment for the generation, transfer and measurement of
such currents and fields.

A term used to cover items of all types of electrical and
electronic equipment (EEE) that have been discarded.*
Final stage in the life cycle of a product, beginning at the
point in time when the product becomes waste and con-
tinuing until its final disposal, or until the waste, compo-
nents, fractions or materials thereof meet the end-of-
waste criteria.

Collection, handling, storage, transport, treatment and
disposal of e-waste, components, fractions or materials
thereof.

Any entity conducting EoL operations or management of
e-waste, such as collectors, transporters, recyclers, smel-
ters, and takeback systems.

Standard for the collection, storage, transport and
treatment of e-waste

Any operation with long term, final storage of waste
where any recycling, reuse, refurbishment, or recovery
options have been exhausted or are no longer viable.
Person or organization that provides an object or service
(ISO 17000).

Conformity assessment that is performed by the person q
or organization that provides the object or service (ISO
17000).

All operations not intending to manipulate the
composition and condition of the e-waste

Measures aimed at reducing the quantity and the
harmfulness to the environment of e-waste and materials
and substances contained therein.

Any operation the principal result of which is waste
serving a useful purpose by replacing other materials that
would otherwise have been used to fulfil a particular
function, or waste being prepared to fulfil that function,
in the plant or in the wider economy (WEEE 2012).
Reprocessing waste materials for their original purpose
or for other purposes. This excludes energy recovery,
which is when combustible waste material is used as a
means of generating energy through direct incineration,
with or without other types of waste, and with heat re-
covery from the incineration process.

! This definition of e-waste was developed by members of the Policy Task force of Step for use by members in
official Step publications. The definition document will be published first quarter 2014. Step members recognize
that e-waste may have different definitions depending on the context or situation in which it the term is used.

Solving the E-Waste Problem (Step) Initiative White Paper 6
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Refurbish

Reuse

Second party

Second-party

conformity assessment

Separate collection

Standard

Storage

Treatment

Waste

Recovery, reclamation and repair of discarded or used
electronic devices or components with the intention of
resale or reuse.

Any operation by which e-waste or components thereof
are used for the same purpose for which they were con-
ceived, including the continued use of the equipment or
components thereof which are returned to collection
points, distributors, recyclers or manufacturers.

Person or organization that has a user interest in an
object or service (ISO 17000).

Conformity assessment that is performed by a person or
organization that has a user interest in the object or ser-
vice (ISO 17000).

Collection where a waste stream is kept separately by
type and nature so as to facilitate a specific treatment.
Formalized set of harmonized, consistent and
acknowledged or established requirements applied to
manufacturing processes, products, services and proce-
dures (ISO 17000).

The presence of a quantity of dangerous substances for
the purposes of warehousing, depositing in safe custody
or keeping in stock.

Any activity that occurs after the e-waste has been
handed over to a facility for depollution, disassembly,
shredding, recovery or preparation for disposal and any
other operation carried out for the recovery and/or the
disposal of the e-waste.

Any substance or object which the holder disposes of, or
is required to dispose of, pursuant to the provisions of
national law in force.

Solving the E-Waste Problem (Step) Initiative White Paper
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Executive Summary

Introduction and Objectives

As the sales of electronic and electrical de-
vices increase, so does the amount of e-
waste that needs to be handled as devices
break, become obsolete or are no longer
useful to their current owner. E-waste
brings with it a host of issues, ranging
from low collection rates to improper
treatment and disposal, to lack of down-
stream transparency (Nixon et al. 2009,
GAO 2005, TAER 2006, Saphores et al.
2006, Saphores, Ogunseitan, & Shapiro
2012). Improperly handled devices can
lead to the loss of resources, worker and
community exposure to hazardous materi-
als and toxic chemicals, as well as envi-
ronmental damage by wastes and other
emissions that can occur during material
recovery. This last issue becomes more
damaging in developing countries where
there is little to no protection for workers,
communities or the environment. The pur-
pose of this Solving the E-waste (Step) Ini-
tiative White Paper is to provide the Step
Initiative’s recommendations for a com-
prehensive approach to responsible e-waste
management to be included in a standard
or set of standards aimed the responsible
collection, handling, treatment and dispos-
al of electrical and electronic equipment at
the end of their useful life.

Scope and Boundaries

Recycling standards, as outlined in this pa-
per, should maximize the quantity, quality
and value of recycled materials and mini-
mize or eliminate the impacts of processes
and materials on human health and the en-
vironment. Reuse and refurbishment are
key steps at the beginning of the processes
covered by these standards, and they are
considered in this context in this docu-
ment. While the recommendations present-
ed here would apply to standards for reuse
and refurbishment programs, they do not
provide specific information regarding
standard development for these systems.

To enable the development of standards,
two sets of recommendations are provided:
(1) common principles that form a founda-
tion for all standards developed based on
these guidelines, and (2) specific require-
ments focused on the different stages of e-
waste management that can be included as
appropriate for the scope of the standard
under development. Also presented is an
overview of existing standards and how
they address the characteristics and prac-
tices necessary for a responsible program.
The primary target audience for this guid-
ance includes individuals or organizations
that would like to develop and implement
standards around the collection, handling,
transport, storage, and treatment of e-waste
— either internal to their own organizations
or external for assessing the operations of
potential partners, or as part of a larger
multi-stakeholder initiative. The guidance
is also relevant for policy makers who
would like to develop new policies or
regulations to further encourage responsi-
ble e-waste management.

Elements of E-waste Manage-
ment Standards

While the requirements of standards may
vary depending on their intended audience,
a shared set of principles can be used by all
standards to provide a common under-
standing of the issues and approach to e-
waste management, as well as a point from
which harmonization across different
standards may be possible.

Because of the variety and continual evolu-
tion of materials in e-waste and the pro-
cesses required to recover them, the pre-
cautionary principle should be used. The
precautionary principle states, “where
there are threats of serious or irreversible
damage, lack of full scientific certainty
shall not be used as a reason for postpon-
ing cost-effective measures to prevent en-
vironmental degradation” (Rio 1992).
Standards developers should assume that
potential environmental and health impacts
will be realized, and include requirements
to mitigate or counter adverse effects.

Solving the E-Waste Problem (Step) Initiative White Paper 8
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Leading from the precautionary principle,
the waste hierarchy provides a “rule of
thumb” for prioritization of treatment op-
tions (EC 2008, USEPA 2013, Envirobiz
Group 2010). The waste hierarchy consists
of: 1) prevention of waste generation; 2)
preparation for refurbishing and reuse; 3)
recycling; 4) incineration with state-of-the-
art flue gas cleaning and energy recovery;
5) incineration with state-of-the-art flue
gas cleaning without energy recovery; 6)
disposal on landfill sites

The overall success of responsible e-waste
management depends not only on the indi-
vidual performance of the various end-of-
life (EoL) operators and producers in the
life cycle of electrical and electronic
equipment, but also on their optimum co-
operation and alignment. It is important for
individuals or organizations to use a sys-
tems thinking approach when developing
the scope of programs and responsibilities
of the actors responsible for actions under
the standard. This means that all aspects of
e-waste collection, transport, handling and
treatment need to be considered, as well as
how a program is managed, measured, re-
viewed and audited. A standard developer
should clearly define:

e Program scope, or what the stand-
ard considers e-waste, what prod-
ucts are included under the stand-

ard and to which portions of the
end-of-life phase of the product life
cycle it applies;

e Operational _responsibilities, or
who is affected by the standard and
outline their responsibilities to help
ensure the appropriate party meets
them,;

e Program performance metrics and

targets, to outline the measure-
ments and goals that enable a pro-
gram to be assessed for compliance
with the standard;

e A timetable for periodic public re-
view, which allows a standard to
adapt to the recent scientific find-

ings, industry best practices and
technological progress as they
evolve over time; and

e Auditability of programs to the
standard and guidelines for con-
formity assessment through third-
party audits that enable a program
to reliably demonstrate it complies
with the requirements of a standard
in daily operations.

General
ments

Program Require-

Standards should be designed with com-
mon outcomes in mind as opposed to pre-
scribing a method to manage or to treat e-
waste. Focusing on outcomes or the results
of a given set of requirements, rather than
the specific process steps, enables organi-
zations with diverse business models to
move to a common goal and provide room
for innovation around better and more ef-
fective approaches to responsible e-waste
management. Because a broad array of
standards already exists at local, national
and international levels, it is incumbent
upon the individual or organization devel-
oping a new standard to first ensure that an
existing standard does not already meet
their needs, and if not, how to harmonize
their efforts with existing standards to min-
imize the management burden on their tar-
geted audience.

Before considering specific requirements
for the different stages of the EoL phase
for electronic and electrical equipment,
there are general program requirements all
standards should incorporate. These are:

o Legal Compliance: all operators
should comply with local, regional,
national and international legisla-
tion and treaties as they apply to
their operations. Proof of legal
compliance is shown through: 1)
records of all necessary permits, li-
censes and other legally required
documentation from partners (e.g.,
loading and shipping confirma-

9 Solving the E-Waste Problem (Step) Initiative White Paper



tions) and 2) proof of management
systems that allow them to stay up-
to-date with new or revised legal
requirements.

Financial Liability and Insurance:
operators should have insurance in
place to cover damages to third par-
ties, including: environmental dam-
ages, health impacts to workers and
the general public, damages to (in-
cluding loss or theft of) properties,
cyber-liability and the proper clo-
sure and cleanup of the operation
site when necessary.

Documentation and Downstream
Due Diligence: Operators should
document all flows of e-waste,
components, fractions and materi-
als both entering and exiting their
facilities, as well as require such
documentation from downstream
partners. The standard should re-
quire of the operator downstream
due diligence regarding the fate of
all e-waste and derived material
originating with their facilities.

Operator responsibility for materi-
als exists as long as the forwarded
e-waste and any component or ma-
terials derived during treatment
meet end-of-waste criteria (EC,
2008) or are finally disposed of.
They shall document the fate of the
e-waste, its components and mate-
rials to this stage. A clear statement
regarding what information and re-
porting each participant is account-
able for should be included in the
standard. While an operator may
not physically handle material to
this point, they are responsible for
selecting downstream partners that
meet and can document their com-
pliance with the standard.

Environmental, Health and Safety
Management _System (EHSMS):
Standards should require operators
to demonstrate implementation of
EHSMS systems in accordance
with international standards. Staff

__Heg ccoiesmay 8

should be adequately trained and
qualified for the proper operation
of the facilities and use of personal
protective equipment appropriate to
staff  responsibilities.  Training
should occur regularly, and opera-
tors should maintain records that
include employees’ responsibilities,
training schedules and records
showing completed education and
training for each employee.

Labour Rights: Maintaining rea-
sonable safeguards and healthy
working conditions for workers is a
crucial responsibility for a program
operator, and this should be reflect-
ed in standards development. EoL
standards should require fair pay-
ment, appropriate social and work-
place conditions and the absence of
discrimination towards workers.
Consideration of worker long-term
health should also be considered by
providing requirements around
health tests. Standards set by the
International Labour Organization
can provide further guidance during
EoL standard development (ILO,
2014).

Hazardous Materials: From the
point of collection to final disposal,
there is a potential risk to the envi-
ronment and human health due to
the hazardous materials contained
in e-waste. As pollution prevention
is a primary focus for e-waste man-
agement, standards must clearly de-
fine what constitutes hazardous ma-
terials and components that are to
be removed and handled separately.
The standard should also require
that, once removed, these materials
are responsibly handled through
separate material recovery and dis-
posal streams appropriate to the
material in question.

Solving the E-Waste Problem (Step) Initiative White Paper 10



Recommendations for Standards Development gt@p -

Specific

Program Require-

ments

In addition to the general considerations
above, an EoL standard developed under
these recommendations should consider
the unique aspects of each stage of e-waste
handling, from the point where the final
owner has no further use for the product.

11

Collection: Collection of e-waste
should be done separately from
other types of waste, in facilities
within a reasonable proximity of
consumers, and services should be
well communicated or advertised to
maximize collections. Additionally,
a standard may stipulate the num-
ber of collection sites per region or
population density, whether the
products are separated by type or
category prior to further treatment
and handled in such a way that
does not damage the device or
hamper reuse, refurbishment or
proper recovery.

Transport and Storage: EoL stand-
ards should ensure that e-waste is
packaged, stored and transported in
such a way that it is undamaged in
order to minimize the potential for
pollution from the hazardous mate-
rials described above, enable full
reuse or refurbishment to occur and
bring the standard in line with the
top levels of the waste hierarchy.
Storage sites must be equipped to
prevent pollution and other hazards
due to damage, leakage and corro-
sion, or from inflammable and ex-
plosive components. Standards
should stipulate these conditions
with clear and product-specific
stipulations on how to handle e-
waste during transportation and
storage.

Special consideration should be
given to the transboundary move-
ment of e-waste due to the wide va-
riety of legal requirements and
conditions that exist globally. At an
international level, the Basel Con-

vention (Basel Convention, 1989)
is the most comprehensive frame-
work agreement on transboundary
movements of wastes. Therefore,
EoL standards should stipulate
compliance with the Basel Conven-
tion as a minimum requirement.
This provision should apply regard-
less of whether operators applying
the EoL standard are located in a
country that has adopted the provi-
sions of the Basel Convention into
its national legislation. Beyond ad-
herence to the Basel Convention, a
standard should stipulate that the
most rigorous protocols be em-
ployed for transboundary ship-
ments, which will allow all ship-
ments to operate within the legal
boundaries of any importing and
exporting country at all times.
Treatment: If not conducted at col-
lection, e-waste should be assessed
for potential reuse and refurbish-
ment rather than entering the waste
stream. Reuse saves energy and re-
sources that would be required for
new products and enables the adop-
tion of technology by those with
low incomes, but the process may
face challenges with limited mar-
kets for secondhand goods and
poor energy efficiency compared to
newer models.

Following the waste hierarchy, e-
waste should next enter into a recy-
cling stage, where an EoL standard
should stipulate quality recycling
requirements based on what can be
achieved with best available tech-
nology, but without prescription re-
garding the technology to be used.

EoL standards should incorporate
the waste hierarchy, requiring that
material or fractions move to incin-
eration and final disposal only once
all reuse, refurbishment and mate-
rial recycling options have been
exhausted. Often, incineration or
disposal to landfills is less expen-
sive, which generates incentives to

Solving the E-Waste Problem (Step) Initiative White Paper
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choose this disposal route. A stand-
ard must be clear that this is ac-
ceptable only after all other options
have been exhausted. Standards
should also require operators to use
final disposal and incineration fa-
cilities according to the best availa-
ble technology for fractions, mate-
rials and components from e-waste
that cannot, or should not, be treat-
ed otherwise.

Solving the E-Waste Problem (Step) Initiative White Paper
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1 Introduction

1.1 Objective

Over the last decade, consumer electronic
sales have risen significantly in the U.S,
Europe, and Asia (USEPA 2008, Bhutta
2011, Oguchi 2008, Watts 2009), and are
they anticipated to accelerate. A related
trend to the rapid rise in sales of electrical
and electronic equipment (EEE) is a rapid
rise in the generation of e-waste over time.
Issues with e-waste have been well docu-
mented, ranging from low collection rates
to improper treatment and disposal and
lack of infrastructure to lack of down-
stream transparency (Nixon et al. 2009,
GAO 2005, TAER 2006, Saphores et al.
2006, Saphores, Ogunseitan, & Shapiro
2012). Low collection rates and ineffective
material recovery result in lost resources
when precious metals and other raw mate-
rials are not efficiently captured. Handling
and treatment of e-waste can expose work-
ers to hazardous materials and toxic chem-
icals during recovery. This situation is ex-
acerbated by the amount of e-waste pro-
cessed in developing countries where there
is little to no protection for workers or the
environment (Widmer 2005, Williams
2008, Amoyaw-Osei 2011). Recently, the
“2013 Geneva Declaration on E-Waste and
Children’s Health” was published to raise
awareness of human health risks by expo-
sures to e-waste (Geneva Declaration
2013). Due to the broad scope and inherent
global nature of these issues, solutions are
challenging to find.

A set of standards that clearly define how
e-waste should be handled from the point
of collection to final disposal is one aspect
of addressing the issues related to e-waste.
The goal of this White Paper is to present
the recommendations of the Solving the E-
waste Problem (Step) Initiative on what
characteristics and practices a comprehen-
sive program should include to ensure that
e-waste is collected, handled and treated

responsibly, with minimal impact to the
environment and communities and maxi-
mum recovery of valuable resources. Re-
use and refurbishment are key steps at the
beginning of the processes covered by
these standards, and they are considered in
this context in this document. While the
recommendations presented here would
apply to standards for reuse and refurbish-
ment programs, they do not provide specif-
ic information regarding standard devel-
opment for these systems.

The recommendations presented represent
the issues an interested party should ac-
count for when designing a standard to ad-
dress one or more stages of the end-of-life
(EoL) phase. This document is not intend-
ed to be used as a standard itself, but as a
set of guidelines for standard-setting or-
ganizations.

The precursor to this work, “Recommenda-
tions on Standards for Collection, Storage,
Transport and Treatment of E-waste”, pub-
lished by Step in July 2012, provides
greater detail on the issues, best practices
and potential implementation routes for so-
lutions that extend beyond the current
standards space.

1.2 Target Audience

The target audience for this work includes
individuals or organizations that plan to
develop and implement e-waste collection,
handling and treatment standards either in-
ternally to their own operations, or exter-
nally for assessing operations of potential
partners either individually or as part of a
larger initiative (standard setting or regula-
tory). This White Paper should also inform
policy makers who are involved in devel-
oping new policies or standards, or are re-
sponsible for evaluating existing programs
within a governmental context.
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2 Summary of Existing
Standards and
Regulations

2.1 Standards versus
Regulations

Both standards and regulations provide a
path for enabling an organization to man-
age e-waste in a responsible manner. Regu-
lations are a set of requirements that have
become law and are enforced through gov-
ernment auditing and action. Instead of
creating new requirements, regulations
may reference or incorporate existing
standards, providing more credibility and
weight to the standard through its use in a
legally binding context.

A standard is a “formalized set of harmo-
nized, consistent and acknowledged or es-
tablished requirements applied to manufac-
turing processes, products, services and
procedures” (ISO 17000). Standards are
not legally binding unless they are incorpo-
rated into law or cited in a regulation, alt-
hough the standard operator may require a
contractual agreement with organizations
desiring certification against their standard.
Standards may be internal to an organiza-
tion and developed to assess their own op-
erations, or external, where multiple organ-
izations come together to develop a com-
mon understanding and set of requirements
around e-waste management. Particularly
effective or comprehensive standards may
initially be designed for a single organiza-
tion, but they may become acknowledged
and established in a market by repeated
and common use. Requirements may also
be drafted by a non-governmental organi-
zation that may also certify organizations
to the standard.

Standards should be designed with com-
mon outcomes in mind, as opposed to pre-
scribing a method to manage or to treat e-
waste. Focusing on outcomes or the results
of a given set of requirements, rather than
the specific process steps, enables organi-
zations with diverse business models to
move to a common goal and provide room

for innovation around better and more ef-
fective approaches to responsible e-waste
management. Further, the process of man-
aging e-waste needs to be certified at a fa-
cility level, rather than for an organization
or company as a whole. The standards
should focus on activities that occur at the
facility level, and each facility should be
assessed for its performance against a cho-
sen standard. This point is of particular
importance when one organization oper-
ates multiple facilities. Facility-level focus
ensures the actual collection and treatment
of e-waste occurs in accordance with the
standard and helps identify and minimize
variations across multiple locations to ena-
ble responsible treatment regardless of lo-
cation. Additionally, because they are vol-
untary, standards need a strong audit func-
tion incorporated into the program to
ensure that all requirements of the standard
are being met.

2.2 Overview of Existing
Programs

Global initiatives have already been enact-
ed at both the voluntary standard and regu-
latory levels in recognition of the im-
portance in the responsible management of
e-waste. Annex A provides an overview of
existing standards and regulations world-
wide and assesses which recommendations
presented in this document they cover.
Even with the clear desire for better global
management of e-waste, a single interna-
tionally-recognized standard does not ex-
ist. The variety in scope and requirements
of regulations presented in Annex A illus-
trates the challenge recyclers, producers,
retailers and other organizations face when
trying to implement e-waste management
systems. When e-waste management pro-
grams must also comply with a variety of
e-waste standards, it further increases the
overall compliance burden.

The ideal approach to mitigate this situa-
tion is to create a single internationally-
recognized standard or a single harmo-
nized approach where all standards require
a similar set of outcomes. Until this exists,
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however, new and existing standards
should establish routes for mutual recogni-
tion (i.e., one standard recognizes certifica-
tion to a different standard as equivalent to
certification to their standard). Additional-
ly, when new standards are developed,
those responsible should first determine if
an existing standard meets their needs and
if not, determine where they can harmo-
nize with existing standards to minimize
the burden of program assessment on their
target audience.

One aspect of e-waste handling not exten-
sively covered in existing standards is the
collection, handling and transport of e-
waste material before it enters the treat-
ment phase. Existing standards focus on
handling, transport and treatment of e-
waste once it has been received and is
passed to reuse or prepared for refurbish-
ment or materials recovery through recy-
cling and other activities. Collection, han-
dling and transport issues are rarely cov-
ered due to the wide variety of approaches
and activities that may be involved in re-
ceiving used products from the residential,
commercial and institutional electronics
users. Two examples of standards that ad-
dress collection and transport are the
WEELABEX Collection Standard and the
“Comprehensive Program for the Proper
Handling of Covered Electronic Devices”
in the state of West Virginia, USA, which
define best practices that those programs
engaging in collection of EEE can refer-
ence to ensure they are also responsibly
handling the materials in their possession
(WEELABEX 2011, WV 2011).

3 Common Elements of E-
waste Management
Standards

3.1 Introduction

Regardless of whether a standard is intend-
ed to be used internally by an organization
or is the result of a large multi-stakeholder
effort, all programs developed with the in-

tent of managing e-waste should contain a
common set of elements that serve as a
foundation for the management require-
ments. This section outlines the recom-
mended elements all standards should in-
corporate.

3.2 Precautionary Principle

The precautionary principle states “where
there are threats of serious or irreversible
damage, lack of full scientific certainty
shall not be used as a reason for postpon-
ing cost-effective measures to prevent en-
vironmental degradation” (Rio 1992). Be-
cause of the rapid rate of technology
change, which in turn directly affects the
rate at which the new materials and prod-
ucts reach the EoL stage, there be insuffi-
cient scientific evidence and experience to
understand the impact on the environment,
health and safety when these products are
recycled. Application of the precautionary
principle to e-waste means that if there are
substantiated suspicions of adverse impacts
to health and environment as a result of
handling and treating a certain waste de-
vice, any EoL standard should assume that
these impacts will be realized and include
requirements to mitigate or counter ad-
verse impacts.

3.3 Scope and
Responsibilities

Scope

Clear definition of what products or pro-
cesses are in scope is necessary for effec-
tive implementation of any standard. For
EoL standards, this is more challenging as
a single accepted definition of “e-waste”,
or the materials that term encompasses,
does not exist. Each EoL standard must
clearly define what it considers e-waste,
what products are included under the
standard and to what portions of the EoL
phase it applies. One example for broad
EEE categorization is Annex I of the
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WEEE Directive in the European Union
(WEEE 2012), where 10 categories of
products are defined to describe what EEE
are considered as “e-waste under the di-
rective”.

Waste Hierarchy

The overall goal of any EEE EoL man-
agement program is to maximize the useful
life of products through reuse and refur-
bishment and then recover materials from
the products before moving material to en-
ergy recovery or final disposal (European
Commission 2010, USEPA 2013, Enviro-
biz Group 2010).

To minimize the environmental impacts of
waste, the following waste hierarchy
should be applied:

1. Prevention of waste generation

2. Preparation of materials or products
for refurbishing and reuse

3. Recycling

4. Incineration with state-of-the-art
flue gas cleaning and energy recov-
ery

5. Incineration with state-of-the-art
flue gas cleaning without energy
recovery

6. Disposal in landfill sites

EoL standards should stipulate this hierar-
chy in their provisions as a “rule of thumb”
for prioritization of treatment options.

Operational Responsibility

Because of the wide variety of parties en-
gaged in the collection, handling, storage,
treatment and disposal of e-waste, an EoL
standard must define who is affected and
outline their responsibilities. Each party
has a unique role with associated responsi-
bilities, and clearly laying out these re-
sponsibilities helps ensure the appropriate
party meets them. These associated re-
sponsibilities are also highlighted through-
out Section 4, where the general require-
ments a standard should incorporate are
laid out.

3.4 Systems Thinking
Approach

Coverage

For effective e-waste management, EoL
standards should take into account the full
range of activities in the EoL supply chain.
Reuse and environmentally responsible re-
cycling are key activities, but they can be
rendered ineffective by improper collec-
tion, handling, storage or transport of e-
waste, which results in broken or damaged
equipment. Additionally, equipment sold to
brokers who engage in the movement of
the material outside of responsible treat-
ment schemes, illegal transboundary ship-
ments or illegal material dumping can fur-
ther undercut efforts to mitigate the envi-
ronmental, health and safety impacts from
e-waste.

To ensure that programs are comprehen-
sive relative to the entire EoL supply
chain, EoL standards should include re-
quirements for collection, handling, stor-
age, transport, treatment and disposal of all
materials. If all aspects are included, and
included in compliance audits, a program
has a higher level of certainty that all mate-
rial is managed in accordance with the EoL
standard.

An additional aspect to consider is the in-
fluence design has on the EoL performance
of EEE. Design for EoL (DfEoL) is one
aspect of the broader considerations under
Design for Environment (DfE), the goal of
which is to optimize the overall environ-
mental performance of a product. Howev-
er, trade-offs between different design el-
ements needs to be considered carefully.
While EEE designed to be disassembled
easily or to exclude certain materials could
improve the environmental performance of
a product at EoL, it may shift the burden to
another part of the product life cycle. An
example of this type of burden shift oc-
curred when lead was banned from EEE.
The identified alternatives for lead re-
quired increased energy consumption to
produce and use of scarce resources to
produce the same functionality (Deubzer
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2007). Because EoL standards are narrow
in scope by nature, product design re-
quirements should be addressed in life cy-
cle-oriented regulations, standards and
guidelines such as the Energy-related
Products Ecodesign Directive from the Eu-
ropean Union (ErP 2009).

Metrics and Targets for Program
Performance

Accordance with the Waste Hierarchy out-
lined in section 3.3.2 leads to, among other
benefits, pollution prevention and resource
conservation. To assess these benefits, the
operator of a standard should require an
organization certified under their standard
to report against metrics or to meet targets
set around e-waste management as part of
the standard. One approach is to consider
performance indicators that assess the sta-
tus of environmental hotspots within an
organization’s operations and how the or-
ganization improves over time (Parmenter
2010). Environmental screening tools and
indicators such as carbon footprints (e.g.,
see ISO 14064, ISO 14069) and water
footprints (e.g., see WFN 2014) may be
used to evaluate a certified organization’s
specific environmental impacts and their
changes over time as well. These types of
indicators may be used to examine an op-
erator’s impact and efficiency from a num-
ber of perspectives. For example, they may
be used to assess the energy or water con-
sumption per amount of e-waste treated or
per unit of monetary value generated.

To consider the broader impact of an e-waste
management program, measures of effec-
tiveness and efficiency may be included.
Effectiveness considers how successful a
program is with respect to pollution pre-
vention and recovering the environmental
or economic value contained in e-waste
(Huisman 2003). Efficiency considers the
trade-offs between the environmental ben-
efits and impacts of an EoL operation
(Huisman 2003). An in-depth discussion of
one approach to handling these measures
can be found in the Green Paper, “Recom-
mendations on Standards for Collection,

Storage, Transport and Treatment of E-
waste” (Step 2012).

A standard may also set targets to ensure
that an organization is reaching a minimum
performance threshold. Standards for the
collection of e-waste may set quantitative
collection targets in order to achieve a cer-
tain minimum amount of collection, par-
ticularly in the absence of legislative re-
quirements. Recycling targets would set a
minimum quantitative threshold for the
amount of materials to be recycled from
treated e-waste. Caution, however, is need-
ed to not overlook critical, harmful materi-
als used in small quantities when setting
specific mass targets for overall recovery
and recycling EEE. Approaches to calcu-
lating and setting these targets in line with
the program recommendations outlined in
this document may also be found in the
original Green Paper (Step 2012).

Requirement Setting and Periodic
Review

Meeting the requirements laid out in either
voluntary standards or government regula-
tions usually requires effort on the part of
organizations wishing or required to report.
Therefore, it is important for the EoL
standard to take into account the entire
EoL phase by including all operators in-
stead of focusing on one part of the EoL
chain. In particular, the standard developer
should consider that:

e Each requirement should help im-
prove the performance of the EoL
operators in a specific stage of the
e-waste management, such as col-
lection, transport or treatment.

e The requirements should also max-
imize, or at least maintain, the envi-
ronmental and economic perfor-
mance of other operators in the en-
tire EoL chain.

e The requirements are set only
where markets or existing regula-
tions do not drive EoL operators to
achieve desired levels of environ-
mental, health and safety perfor-
mance.
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EoL standards should include a timetable
for periodic public review. This allows for
the standard to adapt to the most recent
scientific findings and technological pro-
gress, incorporate the best available tech-
nology and practices for e-waste manage-
ment and integrate learning from the expe-
rience of implementing the standard. A
stipulated review period also ensures that
the standard is reviewed on a schedule rel-
evant to the standard itself, rather than one
subject to the interest and desires of the
stakeholders responsible for standard de-
velopment. A cycle of four to five years
may be appropriate as a compromise be-
tween keeping standards up to date and
keeping the expenses for their review and
implementation within reason.

4 General Requirements

4.1 Introduction

Regardless of the scope of a standard un-
der development, all standards should in-
corporate requirements that ensure a pro-
gram operator is legally responsible, per-
forming due diligence with respect to their
downstream partners and material flows,
and protecting the environment, workers
and the communities in which they oper-
ate. This section provides recommenda-
tions on how a standard should consider
these aspects of e-waste management pro-
grams.

4.2 Legal Compliance

All program operators should comply with
local, regional, national and international
legislation as they apply to their opera-
tions. Proof of legal compliance includes
two requirements. The first is knowledge
of applicable legislation and proof of com-
pliance. As part of auditing requirements,
operators should be able to show that they
are informed about the legislative require-
ments as they apply to their location and

operations. They must also keep records of
all necessary legal permits, licenses and
other legally required documentation from
partners in the EoL waste stream, such as
loading and shipping confirmations from
downstream partners. The second require-
ment is the ability to track changes in leg-
islation and to obtain information on new
and upcoming legislation. Operators
should demonstrate that they have imple-
mented management structures to ensure
that they stay up-to-date with legal re-
quirements. This should include an ap-
proach of continuous monitoring and im-
plementation of legal compliance.

4.3 Financial Liability and
Insurance

Standards should require operators to have
insurance in place to cover damages to
third parties, including: environmental
damages, impacts to the health of workers
and the general public, damages to proper-
ties (including loss or theft), cyber-
liability, and for the proper closure and
cleanup of the operation site when neces-
sary. Insurance covering second party risks
should not be mandatory in an EoL stand-
ard.

4.4 Material Flows and
Downstream Due
Diligence

Ensuring that e-waste is handled responsi-
bly and within a managed system through
to final disposal is crucial to averting the
social and environmental impacts related
to irresponsible handling, treatment and
disposal. Program operators are responsi-
ble for activities throughout the down-
stream supply chain, and a standard should
require they perform due diligence and are
accountable for all downstream flows of e-
waste, including its final disposal. Due dil-
igence includes, but is not limited to, en-
suring that their downstream operators are
in legal compliance, maintain proper han-
dling and processing of e-waste, and com-
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ply with other obligations such as those
around labour rights and social improve-
ment initiatives.

Material Flow Documentation

The EoL standard should specify that op-
erators shall document their activities, in-
cluding incoming and outgoing flows of
collected e-waste and its components, frac-
tions and materials, in order to monitor and
maintain compliance with the standard.
Proof of compliance should be document-
ed through invoices, certificates and other
confirmations as necessary. Operators
should require documentation from down-
stream suppliers of the types and amounts
of the downstream flows, as well as their
fate, in order to comply with their down-
stream due diligence.

Downstream Due Diligence

EoL standards should require downstream
due diligence regarding the fate of all e-
waste and derived materials operators hand
on downstream. They shall be accountable
for it as long as the forwarded e-waste or
derived materials are wastes or are finally
disposed of, and they shall document their
fate to this stage. An example definition of
waste is provided in the WEEELABEX
standard (WEEELABEX 2011). A clear
statement regarding what information and
reporting each participant is accountable
for should be included in any standard.
These standards should recognize that op-
erators cannot delegate their responsibili-
ties downstream, but they must maintain
control over the flows of e-wastes and de-
rivative components and materials. This
includes the selection of downstream oper-
ators who:

e Work according to legal require-
ments.
Have the technical, infrastructural
and organizational structures in
place to enable them to meet the
standard and the targets upstream
operators are required to meet re-

garding the proper handling of the
e-waste and derivative components,
fractions and materials that pass
through their facilities.

e Comply with other requirements
and targets of the EoL standard,
such as those regarding labour and
social issues as well as financial li-
ability, which the EoL standard
should clearly defines as being ap-
plicable to downstream operators.

e Have proof of compliance with the
EoL standard requirements, includ-
ing documentation for tracking in-
bound and outbound material flows
and their downstream fate.

e Have the necessary equipment on
site to measure and document e-
waste material flows such as scales
adapted to measure the specific ma-
terials moving inbound and out-
bound from their facilities. E-waste
and its derivative components, frac-
tions and materials coming in and
going out should be weighed to fa-
cilitate the comprehensive monitor-
ing of the mass flows along the
EoL chain.

EoL standards should include the down-
stream due diligence and tracking of any
flow of equipment or materials that is ex-
ported to another country. This accounta-
bility is required of all actors in the EoL
supply chain and should comprise reason-
ably appropriate financial liabilities and in-
surance requirements. It must also be evi-
denced with adequate documentation that
any facilitates handling materials for or
from a particular organization undergo on-
going third-party assessments.

Many of the due diligence responsibilities
may be met through permits, environmen-
tal legislation, certifications or auditing
schemes. Regardless, which activities are
and are not considered acceptable to fulfill
these responsibilities should be clearly
stated in the standard.
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4.5 Environmental, Health
and Safety Management
Systems

Due to the potentially hazardous nature of
e-waste, an environmental, health and safe-
ty management system (EHSMS) should
be implemented and operated as part of a
responsible e-waste management program.
The EoL standard should require that the
operators have an EHSMS in accordance
with international standards such as
OHSAS 18001 or ISO 14001 (OHSAS
18001, ISO 14001). Operators should be
able to demonstrate that they comply with
these additional standards. The EoL stand-
ard should also require that they have the
necessary infrastructure in place to identify
and assess their relevant environmental,
health and safety risks, so that the certified
operator can work to eliminate or continu-
ously reduce the risks. The operator should
also demonstrate that they have set targets
and achieved improvements in the relevant
areas during the time they have been oper-
ating under the EoL standard.

The standard should also specify that staff
is adequately trained and qualified to man-
age proper operation of their facility and
comply with the requirements and targets
of the EoL standard. This must include ac-
cess to, and training on, the use of personal
protective equipment. All training pro-
grams should be executed on a regular ba-
sis (e.g., annual refresher training courses)
and properly documented for future refer-
ence.

During assessments, operators must allow
interviews with workers in a manner that
ensures confidentiality and avoids future
adverse consequences for participating
employees. Measures of verification may
include organizational charts with compa-
ny structure. These documents should in-
clude employees’ responsibilities, training
schedules and records showing completed
education and training for each employee.

4 General Requirements

4.6 International Labour
Standards

Many e-waste standards center on the ma-
terial itself — the products and materials re-
covered from those products, how they are
handled as they move through the EoL
phase and their eventual fate at final dispo-
sition. At each step in the e-waste man-
agement process, there are workers respon-
sible for handling the products and derived
components, fractions and materials. EoL
standards must ensure the well-being of
these workers, because when the economic
pressure on an organization increases,
workers’ rights to fair and reasonable
working conditions may be sacrificed be-
fore other aspects of operations. Not only
does this erosion of worker considerations
negatively impact the worker, but uneven
implementation of labour standards results
in an uneven playing field where opera-
tions that provide for their workers may be
at an economic disadvantage to those who
do not (ILO 2014).

Maintaining reasonable safeguards and
healthy working conditions is a crucial re-
sponsibility for a program operator, and
this should be reflected in standards devel-
opment. EoL standards should require fair
payment, appropriate social and workplace
conditions, and the absence of discrimina-
tion towards workers. Consideration of
worker long-term health should also be
considered by including requirements for
ongoing health monitoring. Operators
should prove that their employment con-
tracts comply with minimum legal occupa-
tional requirements. As requirements vary
by location, international social and labour
standards should serve as a guide to mini-
mum requirements and targets within a
standard. EoL standards may also include
labour and worker health issues as part of
the audits required to comply with the
standard.
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5 Collection, Transport
and Storage

Once the owner of EEE determines they no
longer have use for the equipment, the
products move into the EoL phase, starting
with collection. Collection, storage and
transport of e-waste should be executed in
a way that prevents damage to the envi-
ronment and human health damages and
ensures that methods are employed to max-
imize recycling. To enable reuse and effec-
tive treatment, standards should require
operators to collect, store, handle and
transport e-waste in a manner that:

e Prevents damage to e-waste during
these operations in order to avoid
pollution due to breakage, leakage
or corrosion.

e Does not hinder the removal and
specific treatment of hazardous ma-
terials and components in subse-
quent downstream operations.

e Supports the sound reuse and recy-
cling of e-waste, as well as the
proper disposal or incineration of
materials that cannot be treated
otherwise.

To ensure that all of these requirements are
met, adequate infrastructure should be in
place to support responsible handling and
systems or processes to monitor and super-
vise handling of e-waste at each step. Staff
should be trained to handle incoming e-
waste and the equipment and tools required
to properly treat the materials at this stage.
The following sections outline the
measures that should be in place for each
process.

5.1 Hazardous Materials

At every process step during collection,
transport and storage of e-waste, there is a
potential risk to the environment and hu-
man health due to the hazardous materials
contained within e-waste. Examples of

hazardous materials that can be found in e-
waste are:

e LCD flat panel displays with mer-
cury-containing CCFL (cold cath-
ode fluorescent lamps) backlights.

e Compact fluorescent lamps (CFLs,
or “energy saving lamps”) contain-
ing mercury.

e (apacitors containing polychlorin-
ated biphenyls (SENS 2008).

e Older cooling and freezing equip-
ment  containing  hydrochloro-
fluorocarbons (HCFCs) and chloro-
fluorocarbons (CFCs) as cooling
agents.

e Lead and cadmium in electronic
and electrical components, as well
as the brominated flame retardants
polybrominated diphenyl esthers
(PBDEs) and polybrominated bi-
phenyls (PBBs) with a high dioxin
and furan potential.

e Batteries.

EoL standards shall clearly define hazardous
materials and components to be removed
from e-waste. The standard should also
specify clear provisions regarding the sep-
arate treatment of removed hazardous ma-
terials and components, and specifically
outline how this is to be done by the initial
handler upon collection of equipment.

With respect to provisions aimed at avoid-
ing pollution from damaged or mishandled
e-waste, an EoL standard may stipulate
specific requirements for the transport and
storage of types of e-waste containing haz-
ardous materials that are easily released in-
to the environment or where the subse-
quent treatment might be made more diffi-
cult by damage to the e-waste.

5.2 Collection

The collection of e-waste should be done
separately from other types of waste in or-
der to provide adequate treatment, thus
preventing pollution and loss of resources.
E-waste collection facilities may co-locate
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with collection facilities for other types of
materials, as long as the e-waste is not
mixed with other waste, and adequate
space is available to safely and securely
handle and store collected e-waste.

Site Organization and Management

Collections sites should be located within a
reasonable proximity to consumers, and
their services should be well communicat-
ed or advertised in order to maximize col-
lection returns. To encourage adequate
coverage of an area, an EoL standard may
set a target distribution of collection sites.
Examples of different types of targets are
the number of containers available, a set
number of drop-off locations per area de-
termined by population density or that
enough containers or facilities exist so that
consumers only have to travel a maximum
distance to reach one. The EoL standard
may also specify that products be separated
and stored by type to ensure each type of
EEE is handled in the most responsible
manner without damage or loss. If this re-
quirement is included, the standard shall
declare which categorization scheme the
separation is based on.

Data Security

The reuse of information and communica-
tion technology (ICT) equipment presents
data security concerns. Data on computers,
mobile phones or any other piece of
equipment with stored memory that was
not securely removed by the previous
owner has the potential to be accessed and
abused after being discarded. EoL stand-
ards should therefore set requirements to
ensure data security prior to reuse. Refer-
ence to standards and guidelines on data
security measures such as NIST 800-88
(NIST 2006) or HMG Information Assur-
ance Standard No. 5 may be useful.

5.3 Transport

General Considerations

A standard should ensure that e-waste is
transported in a way that enables maxi-
mum reuse, recycling and resource recov-
ery from e-waste and prevents pollution or
contamination as previously mentioned.
This means all EEE should be packaged so
that damage is minimized during transport.
In addition to preserving potential uses,
appropriate packaging could prevent a
hazardous material transportation incident,
given the nature of the hazards contained
in e-waste. In order to achieve this, several
requirements should be included:

e When loading equipment on and
off trucks or containers, operators
should be properly trained to han-
dle the materials in question and
use the equipment provided for
such activities. In particular, suffi-
cient packaging, labelling and ap-
propriate stacking of collected
equipment is necessary.

e Transport vehicles and containers
must be properly equipped to min-
imize damage to e-waste equip-
ment. This prevents exposure of
hazardous = components  during
transport and minimizes further
damage to potentially reusable e-
waste.

e Special precautions should be taken
when handling and transporting
hazardous materials. Examples of
such equipment are: LCD flat pan-
els, Compact Fluorescent lamps
and waste refrigerators containing
HCFC, CFC and/or HFC.

Due to the long distances over which e-
waste is often transported, efficient logis-
tics operations are important for the envi-
ronmental performance across the entire
EoL supply chain. Standards that address
the transport of e-waste should require op-
erators to develop a logistics plan for min-
imizing the environmental impacts of
transport.
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Transboundary Shipment

E-waste is a global market, and trans-
boundary shipment is often needed to
reach an appropriate recycler or reuse mar-
kets. When defining a responsible e-waste
program through an EoL standard, deter-
mining the requirements around trans-
bouandry shipments is one of the most
challenging and complex topics encoun-
tered. Legal requirements and conditions
for transboundary movements of e-waste
may differ from country to country for
both importing and exporting countries.
They also differ according to purposes for
which material may be shipped (e.g., only
for reuse, for recycling, incineration or for
disposal). Also, significant differences may
arise from the implementation and en-
forcement of the same legal requirements
within a given region (e.g., wide disparities
between EU Member States regarding en-
forcement of the Waste Shipment Regula-
tion).

At an international level, the Basel Con-
vention (Basel Convention 1989) is the
most comprehensive framework agreement
on transboundary movements of wastes.
Therefore, EoL standards should stipulate
compliance with the Basel Convention as a
minimum requirement. This provision
should apply regardless of whether opera-
tors applying the EoL standard are located
in a country that has adopted the provi-
sions of the Basel Convention into its na-
tional legislation. Beyond adherence to the
Basel Convention, a standard should stipu-
late that the most rigorous protocols be
employed for transboundary shipments,
which will allow all shipments to operate
within the legal boundaries of any import-
ing and exporting country at all times.

Illegal transboundary shipments, wherein
e-waste is illegally shipped across national
borders, present a significant challenge to
attempts to regulate and monitor e-waste.
Effectively addressing illegal shipments of
EoL products would not only help prevent
environmental damage, health impacts and
a loss of valuable resources related to im-

proper handling and treatment of e-waste,
but it would also result in direct economic
benefits for both importing and exporting
countries and ensure a level playing field
between operators (e.g., see Regulation
(EC) No 1013/2006 of the European Par-
liament and of the Council of 14 June 2006
on shipments of waste).

Requirements for Legal Transboundary
Shipments

EoL standards should stipulate measures to
prove the legality of exports:

e EoL operators working under an
EoL standard must hold all legally-
required documents and permits for
any transboundary shipment of e-
waste as well as the components,
fractions or materials thereof.
These documents and permits must
be available from the sending and
the importing country, as well as
from transfer countries.

e FEoL operators shall document the
type and amounts of incoming and
outgoing e-waste, reused equip-
ment, components, fractions and
materials from facilities directly
under their control and maintain
evidence of due diligence, tracking
and documentation down the com-
plete EoL chain to the final dispos-
al of the incoming devices and ma-
terials.

EOL standards should also stipulate strict
and clear requirements for transboundary
shipments. These may exceed, but never
undercut, the regulatory requirements for
legal shipments. The standard should re-
quire the following conditions to be
demonstrated by EOL operators as well as
treatment facilities, including recycling fa-
cilities:

e E-waste, components, fractions and
materials thereof are transported,
stored, handled and treated under
conditions that provide a level of
environmental, health and safety
(EHS) protection as well as effi-
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ciency of the recovery process
(range and yields of the materials
recovered), similar to the country in

which the e-waste arose,
-And-

e Any waste residues resulting from
the above operations in the country
of import are transported, stored,
treated, incinerated or disposed of
in a manner that maintains a level
of EHS protection similar to the
country in which the e-waste origi-
nated.

-Or-

e All applicable requirements and
targets for transport, storage, treat-
ment and other applicable provi-
sions in the EoL standard are
achieved, and there is documenta-
tion giving clear evidence of this.
This needs to be certified by third-

party.

Treating a fraction of e-waste in a develop-
ing country in a plant that meets the state-
of-the-art requirements in the country of
origin of the e-waste may not be enough to
justify the export of components, materials
or fractions of e-waste if the other down-
stream conditions outlined above cannot be
met. If wastes resulting from this treatment
cannot be recycled, incinerated or disposed
of properly according to the requirements
of the EOL standard, the standard should
exclude such exports as acceptable under
its requirements.

The burden of proof remains with the op-
erator initiating the export that the final
destination of exported e-waste, compo-
nents, fractions and materials originating in
the exporting country or generated in the
importing country is legal and appropriate
for the material shipped. The exporting op-
erator is also responsible for ensuring that
facilities handling their material have been
duly certified by third parties per the EoL
standard.

However, provided these shipments are le-
gal, EoL standards should allow trans-
boundary shipments of e-waste, compo-
nents, fractions or materials thereof to

countries and operators where the same or
better EoL performance can be achieved
under similar or lower health and safety
risks as the country of origin.

Reuse and lllegal Exports of E-waste
E-waste is often labeled as equipment for
reuse, even though it is not in a condition
that allows for its reuse and should be con-
sidered waste. A major challenge is differ-
entiating illegal exports of non-functioning
equipment from used products actually in-
tended for reuse.

Equipment exported for reuse must be suf-
ficiently functional, and its transport and
storage must ensure that this functionality
IS maintained during transport. In addition
to the due diligence and record-keeping al-
ready discussed for e-waste, an EoL stand-
ard should include requirements to ensure
the following for equipment shipped for
reuse:

e Equipment destined for direct reuse
is properly tested for functionality
and shows evidence of functionali-
ty testing.

e Equipment is properly packaged,
stored and transported (through
both appropriate packaging and
stacking) for reuse so that it main-
tains its functionality.

e The operator is able to provide in-
voices or sale contract from the
person or body that purchased the
equipment stating that the equip-
ment is destined for direct reuse.

One example of a standard developed to
address “adequate condition for reuse” is
the PAS141 reuse standard developed in
the United Kingdom. Another set of guide-
lines has been developed by the Partner-
ship for Action on Computing Equipment
(PACE) Working Group of the Basel Con-
vention. The “Guideline on Environmen-
tally Sound Testing, Refurbishment, and
Repair of Used Computing Equipment”
and the “Guideline on Environmentally
Sound Material Recovery and Recycling of
End-of-Life Computing Equipment” were
adopted at the eleventh Conference of the
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Parties to the Basel Convention and are
available on the Basel Convention website
(PACE 2013/1; PACE 2013/2).

Some producers of EEE with global busi-
ness models repair and reuse their own
equipment. Professional equipment such as
information and communication technolo-
gy equipment often receives this treatment
(Gensch 2009). Some countries have repair
and refurbishment facilities to which they
transport equipment for repair, refurbish-
ment and reuse from other parts of the
world. Once repaired and refurbished, the
equipment is redistributed. In these cases,
the above requirements could block the re-
pair and reuse of equipment if the producer
works under an EoL standard.

An organization setting an EoL standard
should not apply the above requirements if
an equipment producer or a producer-
authorized entity ships its own brand of
professional equipment for reuse to a pro-
ducer-authorized repair center, as this
equipment should not be considered e-
waste. One example of such a center would
be one owned or contracted by a retailer or
manufacturer for the purpose of product
and equipment repair. The original equip-
ment producer should be held fully respon-
sible for the legal compliance of the ex-
ports and all the operations and must
demonstrate this compliance with the ap-
propriate documentation and permits. The
producer should also demonstrate that
equipment intended to be treated for reuse,
repair and refurbishment is not disposed of
or treated in any manner other than for its
intended purpose. The equipment exported
for these purposes shall be fully traceable
to the point where it is put on the market
again as used EEE, and the producer
should track and provide appropriate doc-
umentation to ensure this is the case.

| -

5.4 Storage

Site Specification

Responsible handling of e-waste requires
comprehensive monitoring and supervision
of the storage and transportation of e-
waste, which necessitates that operators
have adequate infrastructure in place to do
so. EOL standards should therefore stipu-
late the following requirements:

e Transport vehicles at the storage
site and containers used for storage
must be equipped to prevent dam-
age of the equipment and support
reuse and recycling.

e Storage sites must be equipped to
prevent pollution and other hazards
due to damage, leakage and corro-
sion, or from inflammable and ex-
plosive components. This may re-
quire measures such as sealed sur-
faces and weatherproof coverage of
storage sites (WEEE 2012).

6 Treatment

6.1 General Considerations

Preparation for Reuse and Refur-
bishment

Reuse of EEE offers a number of environ-
mental and social benefits. These include
saving energy and resources required for
new product manufacturing and providing
access to technology for those with low in-
comes. There are, however, drawbacks and
limitations to reuse that need to be consid-
ered in the standard setting process as well.
Some of these considerations are:

1. The energy efficiency of new de-
vices may be significantly greater
than that of older devices, possibly
making reuse the less environmen-
tally preferable choice.
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2. Limited markets may exist for sec-
ond-hand equipment, even if the
equipment is in full working order.

3. Loss or theft and abuse of personal
information from a previous owner
may occur if media sanitization is
either ineffective or not carried out.
Guidelines such as those published
by NIST may be useful to cite in a
new standard (NIST 2006).

Recycling

Recycling operations endeavor to maintain
or restore as much material as possible that
is recovered from e-waste to its original
quality in terms of purity and physical and
chemical properties. Recycling operations
are typically executed in two steps: 1) pre-
processing, which prepares the e-waste for
material recovery, and 2) end-processing,
which consists of material recovery prior
to the incineration or landfilling of any re-
maining material. Organizations involved
in material recovery steps may not exclu-
sively handle e-waste, and this may in-
clude organizations such as metal refiner-
ies and plastic recyclers. In developing
standards, both types of organizations need
to be considered and included to create a
system that fully describes this processing
stage.

Standards should stipulate quality recy-
cling requirements and targets based on
what can be achieved with best available
technologies, while avoiding prescribing
the use of certain technologies. This may
include recycling targets for specific mate-
rials or weight-based recycling targets for
entire programs, following the example of
the European WEEE Directive (WEEE
2012). The targets should be complement-
ed by a process-quality standard that ad-
dresses environmental, health and process
efficiency criteria. Further, EoL standards
may require operators to quantify and im-
prove the efficiency of recycling opera-
tions (e.g., with parameters like the con-
sumption of energy or other environmental
media per tonne of e-waste processed, or

the quantities and qualities of emissions).
Details about the effectiveness and effi-
ciency of recycling operations may be
found in the Step Green Paper (Step 2012).
Documentation and reporting of quantities
and qualities of the various output materi-
als from recycling processes should be ob-
ligatory for operators working under a
standard.

Incineration and Final Disposal

EOL standards should require operators to
use incineration and final disposal of recy-
clable materials only after reuse, refur-
bishment, recycling and material recovery
options have been exhausted. Incineration
or final disposal by landfilling of e-waste,
its materials or fractions thereof may be
cheaper than recycling in many cases. This
situation sets economic incentives for final
disposal or incineration instead of recy-
cling, which may result in resource loss
and environmental burdens that could be
avoided through proper recycling. EoL
standards should deviate from the waste
hierarchy only in specific cases where
sound scientific evidence indicates that
treatment other than recycling yields a bet-
ter environmental performance when con-
sidering the entire life cycle of the equip-
ment in question.

Standards should also require operators to
use final disposal and incineration facilities
according to the best available technology
for fractions, materials and components
from e-waste that cannot or should not be
treated otherwise. If operators demonstrate
they have no access to such facilities,
standards should require the use of the
highest standard disposal and incineration
facilities available in the respective region
while continuing to look for more envi-
ronmentally sound options.

6.2 Hazardous Materials

Pollution prevention is a main objective of
e-waste treatment specific treatment of cer-
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tain e-waste equipment and components
due to the hazardous materials contained in
them. Examples of such materials and
components include: mercury in backlight
of LCDs and CFLs, capacitors containing
PCBs, batteries, lead and cadmium, as well
as the brominated flame retardants PBDE
and PBB.

Identification and Removal of Haz-
ardous Materials

Some materials and components contain-
ing these materials need to be removed
from e-waste and treated separately to
avoid pollution. Examples of this are stipu-
lated in Annex II of the WEEE Directive
2012 (WEEE 2012). EoL standards shall
clearly define hazardous materials and
components and require them to be re-
moved from e-waste for proper treatment if
any of the following conditions apply:

e Hazardous materials or components
cannot be controlled in subsequent
treatment processes, and therefore,
may be released into the environ-
ment or cause harmful exposure to
workers during treatment process-
es.

e These materials or components
may hinder high-quality recycling
from e-waste or disturb treatment
processes of e-waste, fractions or
materials thereof in the initial or
downstream operators’ activities.

e These materials or components
would otherwise end up in incin-
eration or landfill sites, even
though recycling or other treatment
would be more environmentally
sound option.

e These materials or components
otherwise end up in incineration or
landfill sites that are unequipped to
accept and/or properly dispose of
them.

When a material falling under one of the
above categories is identified, it needs to
be removed. Removal is not exclusively

limited to disassembly and manual separa-
tion, but may include manual, mechanical
chemical or metallurgical handling where
the hazardous materials and components
are contained in an identifiable stream or
identifiable parts or the stream at the end
of the treatment process (WEEE 2012).

A process-integrated removal of hazardous
materials and components is sufficient if
the materials can be controlled, isolated
and safely removed in or after the process
and treated to a degree that is comparable
to situations where the material is removed
before treatment. During or after removal,
hazardous materials or components should
be treated according to the hierarchy of
treatment targets. EoL standards must re-
quire that operators clearly demonstrate the
removal of hazardous materials and com-
ponents from the waste stream and the ef-
fective treatment of these materials in or-
der to prevent pollution in their daily oper-
ation. Monitoring and treatment of dusty
and dispersive e-waste materials as well as
material with potential for fire hazards
(e.g., batteries, CRTs) should also be con-
ducted. EoL operators should track and
document the downstream fate of hazard-
ous materials and components.

Downstream Treatment of Hazard-
ous Materials

EoL standards should specify clear provi-
sions regarding the separate treatment of
removed hazardous materials and compo-
nents in order to achieve the following re-
quirements and targets:

e During or after removal, hazardous
materials and components should
be treated according to the hierar-
chy of treatment targets. For exam-
ple, recycling hazardous materials
containing mercury should be pri-
oritized if the release of these mate-
rials into the environment can be
prevented and if there is a legiti-
mate market for them where recy-
cling is preferable to primary pro-
duction.
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e The separate treatment of hazard-
ous materials and components may
also occur within a process — that
is, without initial removal — so long
as the organization responsible for
such treatment identifies the flow
and fate of the hazardous materials
and components. This process
should either eradicate the hazard-
ous physical and/or chemical prop-
erties or otherwise facilitate the
control over these materials and
components for further processing.
Hazardous materials and compo-
nents that cannot be recycled and
must be disposed of should be ren-
dered inert in such a process, if
possible.

e Incineration and final disposal
should only be allowed in facilities
equipped to handle such materials
and components in a manner that
avoids emissions into the environ-
ment and which have energy recov-
ery capabilities.

Additionally, requirements should be
placed on the downstream operators han-
dling hazardous materials to clearly
demonstrate that they actually remove haz-
ardous materials and components from the
waste stream, and that they treat these ma-
terials effectively in order to prevent pollu-
tion in their daily operations.

7 Operator Assessment
and Auditing

7.1 Review Periods and
Revision Process

Conformity assessments should be con-
ducted periodically to maintain the validity
of operators’ certificates. Two to four years
should be an adequate interval balancing
the expense of assessments and the need to
monitor operators’ conformity. Additional
audits will be necessary if the operator
changes processes, alters their organization

or expands their activities to a new catego-
ry of e-waste (ISO 17000). Periodic audits
should also include unannounced control
audits in order to monitor EoL operators’
daily compliance between scheduled audits
(ISO 17000).

7.2 Auditability
Requirements

EoL standards should create transparency
concerning operators’ technical and organ-
izational capacities, their knowledge and
their actual successes in meeting targets
and requirements in their daily operations.
To facilitate this transparency, targets and
requirements in a standard must be set in a
way that they can be assessed for accuracy
and completeness during conformity as-
sessments (CAs).

Another important component of auditabil-
ity is the operators’ documentation of their
practices and procedures in managing e-
waste. This documentation will provide ev-
idence of their daily performance and their
compliance with standards. Documentation
comprises licenses from authorities, mass
balances, confirmations for hazardous ma-
terials sent to further treatment and all oth-
er evidence of the operator’s ability and
daily efforts to comply with standards.
This information must be made available
during CAs.

7.3 Third-Party Assessment
and Auditing

Conformity assessments (CA) must relia-
bly demonstrate that EoL operators comply
with the requirements of a standard in their
daily operations. Per ISO 17000, three
types of CA could be performed:

e First-party assessments, where the
organization reports self-audits;

e Second-party assessments, where
the assessor has “user interest in the
object or service” (e.g., assessment
by a body contracting a particular
EoL operator);
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e Third-party assessments, where a
person or body independent of the
operator conducts the assessment.

Due to the likelihood of conflicting interest
compromising first- and second-party con-
formity assessments, third-party CAs of
EoL standards are the most reliable, and
they are recommended to complement the
implementation of high quality EoL stand-
ards.

ISO 17021 stipulates the essential qualities
of third-party CA bodies and auditors
demonstrate: impartiality, competence, re-
sponsibility, openness, confidentiality and
responsiveness to complaints. Any CA sys-
tem must ensure the above qualities of the
CA bodies and auditors, as they are essential
for the reliability of the CA.

The impartiality and actual independence of
a third-party CA body and its staff conduct-
ing the CAs is of crucial importance as this
is the distinguishing factor that adds value to
third-party CAs in comparison to first-and
second-party CAs.

29 Solving the E-Waste Problem (Step) Initiative White Paper



Bl stcp

8 Bibliography

Amoyaw-Osei 2011

Basel Convention 1989

Bhutta 2011

ErP 2009

EC 2008

Gensch 2009

IAER 2006

ILO 2014

ISO 14001

ISO 14064

Amoyaw-Osei, Y., Agyekum, O. O., Pwamang, J. A., Mueller, E.,
Fasko, R., & Schluep, M. (2011). Ghana e-Waste Country Assess-
ment. SBC e-Waste Africa Project. Retrieved from
http://wscep.org/Posts/581/Documents/Amoyaw-

Osei_2011 GreenAd-Empa.pdf

Basel Convetion (1989). Basel Convention on the Control of Trans-
boundary Movements of Hazardous Wastes and their Disposal. Ba-
sel, 22March1989. Retrieved from:
http://legal.un.org/avl/ha/bcctmhwd/bectmhwd.html

Bhutta, M. K. S., Omar, A., & Yang, X. (2011). Electronic Waste: A
Growing Concern in Today’s Environment. Economics Research In-
ternational, 2011, 1-8. doi:10.1155/2011/474230

Directive 2009/125/EC of the European Parliament and of the Coun-
cil of 21 October 2009 establishing a framework for the setting of
ecodesign requirements for energy-related products (Text with EEA
relevance). OJ L 285, 31.10.2009, p. 10-35 retrieved 10 October,
2013:
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:320
09L0125:EN:NOT

Waste Framework Directive, End-of-waste criteria. Directive
2008/98/EC of the European Parliament and of the Council of 19
November 2008 on waste and repealing certain Directives (Test with
EEA relevance). OJ L 312, 22/11/2008. Retrieved from
http://ec.europa.eu/environment/waste/framework/end_of waste.htm

Gensch, C. et al., Okoinstitut; Deubzer, O., Fraunhofer 1ZM: Adapta-
tion to scientific and technical progress under Directive 2002/95/EC,
final report, 19 February 2009, Freiburg, page 265;
http://ec.europa.eu/environment/waste/weee/pdf/report_2009.pdf.

International Association of Electronics Recyclers. (2006). 1AER
electronics recycling industry report. Portland, OR: Resources Recy-
cling.

International Labour Organization (2014). Introduction to Interna-
tional Labour Standards. Retrieved from
http://ilo.org/global/standards/introduction-to-international-labour-
standards/lang--en/index.htm.

ISO 14001:2004. Environmental management systems — Require-
ments with guidance for use. Available from
http://www.iso.org/iso/home/store/catalogue_tc/catalogue detail.htm
?csnumber=31807.

ISO 14064-1:2006. Greenhouse gases — Part 1: Specifications with
guidance at the organization level for quantification and reporting of
greenhouse gas emissions and removals. Available from
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm
?csnumber=38381.

Solving the E-Waste Problem (Step) Initiative White Paper 30


http://wscep.org/Posts/581/Documents/Amoyaw-Osei_2011_GreenAd-Empa.pdf
http://wscep.org/Posts/581/Documents/Amoyaw-Osei_2011_GreenAd-Empa.pdf
http://legal.un.org/avl/ha/bcctmhwd/bcctmhwd.html
http://dx.doi.org/10.1155/2011/474230
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009L0125:EN:NOT
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009L0125:EN:NOT
http://ec.europa.eu/environment/waste/framework/end_of_waste.htm
http://ec.europa.eu/environment/waste/weee/pdf/report_2009.pdf
http://ilo.org/global/standards/introduction-to-international-labour-standards/lang--en/index.htm
http://ilo.org/global/standards/introduction-to-international-labour-standards/lang--en/index.htm
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=31807
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=31807
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=38381
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=38381

Recommendations for Standards Development Step -
) -y

ISO 14069

ISO 17000

GAO 2005

Geneva Declaration
2013

Huisman 2003

NIST 2006

Nixon, et al. 2009

OECD ndd.

Oguchi 2008

OHSAS 18001

Rio 1992

PACE 2013/1

31

ISO/TR 14069:2013. Greenhouse gases — Quantification and report-
ing of greenhouse gas emissions for organizations — Guidance for the
application of ISO 14064-1. Available from
http://www.iso.org/iso/home/store/catalogue_tc/catalogue detail.htm

?csnumber=43280.

ISO/IEC 17000:2004. Conformity assessment — Vocabulary and
general principles. Available from
http://www.iso.org/iso/home/store/catalogue_tc/catalogue detail.htm
?csnumber=29316.

General Accounting Office. (2005). Electronic waste: Strengthening
the role of the federal government in encouraging recycling and re-
use (Report to Congressional Requester). Washington, DC: U.S.
Government Printing Office.

Alabaster, G. et al (2013). The Geneva Declaration on E-waste and
Children’s Health. World Health Organization. Retrieved from:
https://www.gcmri.ug.edu.au/chep/e-waste-network/e-waste-
declaration.aspx.

Huisman, J. (2003). The QWERTY/EE Concept, Quantifying Recy-
cability and Eco-Efficiency for End-of-life Treatment of Consumer
Electronic Products. Delft University of Technology, Delft.

Kissel, R., School, M., Skolochenko, S., Li, X. (2006). Guidelines
for media sanitization. Recommendations of the National Institute of
Standards and Technology. NIST Special Publication 800-88, Sep-
tember 2006. Retrieved from
http://csrc.nist.gov/publications/nistpubs/800-88/NISTSP800-

88 with-errata.pdf

Nixon, H., Saphores, J.-D., Ogunseitan, O.A., & Shapiro, A.A.
(2009). Understanding preferences for recycling electronic waste in
California. Environment and Behavior, 41(1), 101-124.

Organization for Economic Co-operation and Development (n.d.).
OECD Glossary of Statistical Terms. Retrieved from
http://stats.oecd.org/glossary/.

Oguchi, M., Murakami, S., Sakanakura, H., Kida, A., & Kameya, T.
(2011). A preliminary categorization of end-of-life electrical and
electronic equipment as secondary metal resources. Waste Manage-
ment, 31(9-10), 2150-2160. doi:10.1016/j.wasman.2011.05.009

OHSAS 18001 Occupational Health and Safety Management Sys-
tems. Information retrieved from http://www.ohsas-18001-
occupational-health-and-safety.com/

United Nations Conference on Environment and Develolpment, Rio
Declaration on Environment and Development Principle #15. Ac-
cessed April 5, 2013 at
http://www.unep.org/documents.multilingual/default.asp?documenti
d=78&articleid=1163

Partnership for Action on Computing Equipment (2013).
UNEP/CHW.11/INF/12/Rev.1 Guideline on Environmentally Sound

Solving the E-Waste Problem (Step) Initiative White Paper


http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=43280
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=43280
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=29316
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=29316
https://www.qcmri.uq.edu.au/chep/e-waste-network/e-waste-declaration.aspx
https://www.qcmri.uq.edu.au/chep/e-waste-network/e-waste-declaration.aspx
http://csrc.nist.gov/publications/nistpubs/800-88/NISTSP800-88_with-errata.pdf
http://csrc.nist.gov/publications/nistpubs/800-88/NISTSP800-88_with-errata.pdf
http://stats.oecd.org/glossary/
http://dx.doi.org/10.1016/j.wasman.2011.05.009
http://www.ohsas-18001-occupational-health-and-safety.com/
http://www.ohsas-18001-occupational-health-and-safety.com/
http://www.unep.org/documents.multilingual/default.asp?documentid=78&articleid=1163
http://www.unep.org/documents.multilingual/default.asp?documentid=78&articleid=1163

__Heg . cobiogwn 8

PACE 2013/2

Parmenter 2010

PAS 141

Saphores, et al. 2006

Saphores, et al. 2012

SENS 2008

StEP 2012

USEPA 2008

WEEE 2012

Testing Refurbishment and Repair of Used Computing Equipment.
Partnership for Action on Computing Equipment, Basel Convention
and the United Nations Environmental Program (UNEP). Retrieved
from:
http://www.basel.int/Implementation/PartnershipProgramme/PACE/
PACEGuidelinesandGlossaryofTerms/tabid/3247/Default.aspx

Partnership for Action on Computing Equipment (2013).
UNEP/CHW.11/INF/13/Rev.1 Guideline on environmentally sound
material recovery and recycling of end-of-life computing equipment.
Partnership for Action on Computing Equipment, Basel Convention
and the United Nations Environmental Program (UNEP). Retrieved
from:
http://www.basel.int/Implementation/PartnershipProgramme/PACE/
PACEGuidelinesandGlossaryofTerms/tabid/3247/Default.aspx
Parmenter, D. (2010).: Key Performance Indicators; John Wiley &
Sons 2010, ISBN-10: 0-470-54515-1, ISBN-13: 978-0-470-54515-7

British Standards Institution (2013). PAS 141:2011 — Reuse of used
and waste electrical and electronic equipment (UEEE and WEEE).
Process management. Specification. Information available:
http://www.wrap.org.uk/content/pas-141-re-use-standard.

Saphores, J.-D., Nixon, H., Ogunseitan, O., & Shapiro, A. (2006).
Household willingness to recycle electronic waste: An application to
California. Environment and Behavior, 38, 183-208.

Saphores, J.-D., Ogunseitan, O.A., & Shapiro, A.A. (2012). Willing-
ness to engage in a pro-environmental behaviour: An analysis of e-
waste recycling based on a national survey of U.S. households. Re-
sources, Conservation and Recycling, 60, 49-63.

Technische Kontrollstellen SENS und SWICO: PCB in Kleinkon-
densatoren aus Elektro- und Elektronikaltgeraten; Schlussbericht
September 2008. Retrieved from

http://www.sens.ch/global/pdf/marktplatz/080919 PCB in Kondens
atoren_d.pdf

Deubzer, O. (2012). Recommendations on standards for collection,
storage, transport and treatment of e-waste. Principles, Requirements
and conformity assessment. Solving the E-waste Problem (Step)
Green Paper. Retrieved from http://www.step-
initia-

tive.org/tl_files/step/_documents/StEP_GP_End%200f%20L.ife_fina
Lpdf

US EPA, O. (2008). Statistics on the Management of Used and End-
of-Life Electronics. Data & Tools. Retrieved March 13, 2013, from
http://www.epa.gov/osw/conserve/materials/ecycling/manage.htm

European Parliament and the Council of the European Union
(EPCEU). (2012). Directive 2012/19/EU of the European Parliament
and of the Council of 4 July 2012. Official Journal of the European
Union, L197/38.

Solving the E-Waste Problem (Step) Initiative White Paper 32


http://www.basel.int/Implementation/PartnershipProgramme/PACE/PACEGuidelinesandGlossaryofTerms/tabid/3247/Default.aspx
http://www.basel.int/Implementation/PartnershipProgramme/PACE/PACEGuidelinesandGlossaryofTerms/tabid/3247/Default.aspx
http://www.basel.int/Implementation/PartnershipProgramme/PACE/PACEGuidelinesandGlossaryofTerms/tabid/3247/Default.aspx
http://www.basel.int/Implementation/PartnershipProgramme/PACE/PACEGuidelinesandGlossaryofTerms/tabid/3247/Default.aspx
http://www.wrap.org.uk/content/pas-141-re-use-standard
http://www.sens.ch/global/pdf/marktplatz/080919_PCB_in_Kondensatoren_d.pdf
http://www.sens.ch/global/pdf/marktplatz/080919_PCB_in_Kondensatoren_d.pdf
http://www.step-initiative.org/tl_files/step/_documents/StEP_GP_End%20of%20Life_final.pdf
http://www.step-initiative.org/tl_files/step/_documents/StEP_GP_End%20of%20Life_final.pdf
http://www.step-initiative.org/tl_files/step/_documents/StEP_GP_End%20of%20Life_final.pdf
http://www.step-initiative.org/tl_files/step/_documents/StEP_GP_End%20of%20Life_final.pdf
http://www.epa.gov/osw/conserve/materials/ecycling/manage.htm

)
Recommendations for Standards Development S t G p -
A

WEEELABEX 2011

WEFN 2014

Widmer 2005

Williams 2008

WV 2011

33

WEEELABEX (2011). WEELABEX standards for sustainable
WEEE management. Normative document — WEEELABEX Collec-
tion, 2 May 2011. Retrieved from http://www.weee-
fo-
rum.org/sites/default/files/weeelabex_v9.0_standard_on_collection.p
df.

Water Footprint Network (2014). Water footprint assessment tool
version 1.0. Water Footprint Network. Retrieved from
http://www.waterfootprint.org/tool/home/.

Widmer, R., Oswald-Krapf, H., Sinha-Khetriwal, D., Schnellmann,
M., & Boni, H. (2005). Global perspectives on e-waste. Environmen-
tal Impact Assessment Review, 25(5), 436-458.
doi:10.1016/j.eiar.2005.04.001

Williams, E., Kahhat, R., Allenby, B., Kavazanjian, E., Kim, J., &
Xu, M. (2008). Environmental, Social, and Economic Implications
of Global Reuse and Recycling of Personal Computers. Environmen-
tal Science & Technology, 42(17), 6446-6454.
doi:10.1021/es702255z

State of West Virginia (2011). Comprehensive Program for the
Proper Handling of Covered Electronic Devices. West Virginia Solid
Waste Management Board. Retrieved from
http://www.state.wv.us/swmb/RMDP/EWaste/Index.html.

Solving the E-Waste Problem (Step) Initiative White Paper


http://www.weee-forum.org/sites/default/files/weeelabex_v9.0_standard_on_collection.pdf
http://www.weee-forum.org/sites/default/files/weeelabex_v9.0_standard_on_collection.pdf
http://www.weee-forum.org/sites/default/files/weeelabex_v9.0_standard_on_collection.pdf
http://www.weee-forum.org/sites/default/files/weeelabex_v9.0_standard_on_collection.pdf
http://www.waterfootprint.org/tool/home/
http://dx.doi.org/10.1016/j.eiar.2005.04.001
http://dx.doi.org/10.1021/es702255z
http://www.state.wv.us/swmb/RMDP/EWaste/Index.html

. ]
- Ste p Recommendations for Standards Development
\

9 Annexes
A: Summary Table of Existing Standards and Regulations

The tables below provide a list of existing standards in the e-waste space, along with which
recommendations presented in this paper are incorporated in each standard. The country or
region indicated in parenthesis in the title column indicates the country or region of origin for
a particular standard. A checkmark (¥) in a column indicates the standard or regulation of in-
terest. Table 1 covers the incorporation of General Requirements (Sections 3, 4 and 7). Table
2 covers aspects specific to e-waste treatment. This table is intended as a reference for indi-
viduals or organizations interested in developing their own. Inclusion in this table does not
constitute or imply endorsement or recommendation by Step or its member organizations.
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Table 1: General Requirements

7~
| .
Recommendations for Standards Development Step -
W

Standard Website Legal Financial Downstream EHS Labour & Social | Third-Party
Compliance Liabilities & Due Diligence Management Responsibility Conformity
Insurance Systems Assessment
R2  Solutions:  Responsible | http:/asoft10298.accri
Recycling R2 Practices for soft.com/r2solutions/r
Electronics Recyclers 2practices/r2- v v v v v
(USA) standard/
e-Stewards http://e-
(USA) ste- i v v v v v v
wards.org/certificatio
n-overview/
WEEELABEX http://www.weee-
(EU) fo-
rum.org/news/weeela v v v v v
bex-standards-for-
sustainable-weee-
management
AIIA E-SIG/PSA Interim Indus- | http:/www.anzrp.com
try Standard - Collection, 'za(;lz/;?}?ids{9/7/2/0/97
transport and recycling of end | 2*/l/nterm-
of life (EOL) televisions and | usin-standard pdf v v v v d
computers
(AU)
Standard Website Legal Financial Downstream EHS Labour & Social | Third-Party
Compliance Liabilities & Due Diligence Management Responsibility Conformity
Insurance Systems Assessment
http://www.cpcb.nic.i
Guidelines for environmentally | n/latest/27.06.08%20g
sound management of e-waste uide- v v v
(IN) lines%20for%20E-
Waste.pdf
http://gesci.org/assets/ v v v
Guidelines for E-waste files/Knowledge%20
Management in Kenya Centre/E-
(KE) Waste%20Guidelines
Kenya2011.pdf
http://www.epsc.ca/D v v v v v v

Recycler qualification program
for end-of-life electronics

ocuments/Recycler%?2
0OQualification%20Pro
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recycling — Electronics Product | gram%20FINAL%20

Stewardship Canada 2010.pdf

(CA)

Technical Guidelines for http://www.bere- v v

Electrical and Electronic Waste | s¢-

Inventory a.org/?content=public

(SE Asia) ation_detail&id=36

Guidance Document on the http://www.basel.int/I

Environmentally Sound mplementa-

Management of Used and tion/PartnershipProgr

End-of-Life Computing amme/PACE/PACEG

Equipment. uidelinesandGlossar- v v
. . sar-

Partnership for Action on vofTerms/tabid/3247/

Computing Equipment (PACE)'

Default.aspx

1: Sections 1, 2, 4 and 5 were adopted at the eleventh COP of the Basel Convention. It should be noted that Section 3 of the guidance docu-
ment on the environmentally sound management of used and end-of-life computing equipment, which deals with transboundary movements,
has not yet been revised. To avoid any duplications and discrepancies, the Partnership has postponed the revision of this section pending the
adoption of the technical guidelines on transboundary movements of electronic and electrical waste, in particular regarding the distinction be-
tween waste and non-waste, which is currently under consideration in a separate process for submission to the Conference of the Parties.
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Table 2: Handling, Transport, Storage and Treatment of E-Waste

u .
Recommendations for Standards Development

stSp -

Standard Website E-waste E-waste E-waste Hazardous Transbounadary | Material Flows
Handling Collection Transport Materials Shipments/ Illegal
Handling Exports Preven-
tion
Responsible Recycling (R2) | http:/asoft10298.ac
i i Cris-
g:i;tcllcee:stf%lg?lﬁ);;;ss oft.com/r2solutions/ v v v
(USA) r2practices/r2-
standard/
e-Stewards http://e-
ste-
(USA) wards.org/certificati v v v v
on-overview/
WEEELABEX http://www.weee-
(EU) fo-
rum.org/news/weeel v v v v v
abex-standards-for-
sustainable-weee-
management
AIIA E-SIG/PSA Interim http://www.anzrp.co
Industry Standard - m.au/uploads/9/7/2/
Collection, transport and m
recycling of end of life industry- v v v v v
(EOL) televisions and standard pdf
computers
(AU)
Standard Website E-waste E-waste E-waste Hazardous Transbounadary | Material Flows
Handling Collection Transport Materials Shipments/ Illegal
Handling Exports Preven-
tion
Guidelines for http://www.cpcb.nic
environmentally sound .in/latest/27.06.08% v
20guidelines%?20for

management of e-waste
aN)

%20E-Waste.pdf
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Guidelines for E-waste http://gesci.org/asset
Management in Kenva s/files/Knowledge%
(KE) & Y 20Centre/E- v v v v v v
Waste%20Guideline
s Kenya2011.pdf
Recycler qualification http://www.epsc.ca/
program for end-of-life —L?fgggenﬂ Rec Cl;
electronics recycling — %20Qualification7o
Electronics Pr()),ductg 20Program?%20FIN v v v v
0 9 .
Stewardship Canada AL%202010.pdt
(CA)
Technical Guidelines for http://www.bcrc-
Electrical and Electronic se-
Waste Inventory a.org/?content=publi 4 v v v v
(SE Asia) cation_detail&id=36
Standard Website E-waste E-waste E-waste Hazardous Transbounadary | Material Flows
Handling Collection Transport Materials Shipments/ Illegal
Handling Exports Preven-
tion
Guideline on http://www.basel.int
Environmentally Sound /Implementation/Par
Testing Refurbishment and M%CE/PAC
. . gramme
g;g?;;l(i}tjsed Computing EGuidelinesandGlos v v v v v v
: Gl -
Partnership for Action on sar(iﬂ
Computing Equipment yofTerms/tabid/324
(PACE) 7/Default.aspx
NOTE:

Waste Hierarchy: Of the standards listed above, Responsible Recycling (R2) Practices for Electronics Recyclers and e-Stewards explicitly in-
clude managing material according to the waste hierarchy.
Recycling Targets: WEELABEX is the only standard of those listed that explicitly includes meeting recycling targets.
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Arrow Electronics

Austrian Society for Systems Engineering and Automation (SAT)

Basel Convention Coordinating Centre for Asia & the Pacific (BCRC China)

Basel Convention Coordinating Centre for Training and Technology Transfer for the
African Region (BCCC-Africa), University of Ibadan

Basel Convention Regional Centre for Central America and Mexico (BCRC-CAM)
BIO Intelligence Service S.A.S.

Blueprint ERE Pte Ltd

Center for Environment and Development for the Arab Region and Europe (CEDARE)
Chiho-Tiande (HK) Limited

Cisco Systems, Inc.

Compliance and Risks

Dataserv Group Holdings Ltd.

Datec Technologies Ltd

Delft University of Technology (TU Delft)

DELL Inc.

Deutsche Gesellschaft flr Internationale Zusammenarbeit (G1Z) GmbH

Dismantling and Recycling Centre Vienna (D.R.Z)

Empa — Swiss Federal Laboratories for Materials Science and Technology

Ericsson

FECACLUBS-UNESCO

Fraunhofer Institute for Reliability and Microintegration (FHG-1ZM)

Griffith University

Hewlett Packard (HP)

Institute for Applied Ecology (Oko-Institut e.V.)

International Telecommunication Union (ITU)

KERP research

Kevoy Community Development Institute (KCDI)

Massachusetts Institute of Technology (MIT) — Materials Systems Laboratory
Memorial University

MicroPro Computers

Microsoft

Ministry of the Environment Japan, Office Waste Disposal Management, Department
of Waste Management and Recycling

National Center for Electronics Recycling (NCER)

Philips Consumer Lifestyle Sustainability Center

Plataforma de Residuos Eléctricos y Electronicos para Latinoamérica y el Caribe (Lat-
in American WEEE Platform) (RELAC Platform)

Renewable Recyclers

Reverse Logistics Group Americas (RLGA)

Secretariat of the Basel Convention (SBC)

Secretariat of the Pacific Regional Environment Program (SPREP)

Sims Recycling Solutions

Swiss State Secretariat of Economic Affairs (SECO)

Technische Universitat Berlin, Institut fir Technischen Umweltschutz, Fachgebiet Ab-
fallwirtschaft (Chair of Solid Waste Management)
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Technische Universitdt Braunschweig,Institute of Machine Tools and Production
Technology

Thai Electrical and Electronic Institute (EEI)

The Sustainability Consortium

UMICORE Precious Metal Refining

United Nations Environment Programme/Division of Technology, Industry and Eco-
nomics (UNEP/DTIE)

United Nations Industrial Development Organization (UNIDO)

United Nations University (UNU)

United States Environmental Protection Agency (US-EPA)

University of Limerick

University of Northampton (UoN), The Centre for Sustainable Wastes Management
WEEE Help

WorldLOOP

Associate Members:
- ENDA Europe

- Global e-Sustainability Initiative (GeSl)
- Vertmonde Cia. Ltd.
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About the Step Initiative:

“Step envisions to be agents and stewards of change, uniquely leading global thinking, knowledge,
awareness and innovation in the management and development of environmentally, economically and
ethically-sound e-waste resource recovery, re-use and prevention.”

Step is an international initiative comprised of manufacturers, recyclers, academics, governments and
other organizations committed to solving the world’s waste electrical and electronic - e-waste - prob-
lem. By providing a forum for discussion among stakeholders, Step is actively sharing information,
seeking answers and implementing solutions.

Our prime objectives are:
e Research and Piloting
o By conducting and sharing scientific research, Step is helping to shape effective poli-
cy-making
e Strategy and goad setting
o A key strategic goal is to empower pro-activity in the marketplace through expanded
membership and to secure a robust funding base to support activity
e Training and Development
o Step’s global overview of e-waste issues makes it the obvious provider of training on
e-waste issues
e Communication and branding
o One of Step’s priorities is to ensure that members, prospective members and legisla-
tors are all made aware of the nature and scale of the problem, its development op-
portunities and how Step is contributing to solving the e-waste problem.

The Step initiative came about when several UN organizations, who were increasingly aware of the
growing global e-waste problem, saw the need for a neutral, international body to seek real, practical
answers that would be supported by manufacturers, recyclers and legislators alike.

Step’s core principles:

1. Step views the e-waste issue holistically, focusing on its social, environmental and economic im-
pact — locally, regionally, globally.

2. Step follows the lifecycle of equipment and its component materials from sourcing natural re-
sources, through distribution and usage, to disposal.

3. Step’s research and pilot projects are “steps to e-waste solutions”.

4. Step vigorously condemns the illegal activities that exacerbate e-waste issues, such as the illegal
shipments, recycling practices and disposal methods that are hazardous to people and the envi-
ronment.

5. Step encourages and supports best-practice reuse and recycling worldwide.

Contact:

Step Initiative

c/o United Nations University

Institute for the Advanced Study of Sustainability (UNU-IAS)

Operating Unit SCYCLE

Platz der Vereinten Nationen 1

53113 Bonn, Germany

Phone: +49-228-815-0271 ‘3\
Fax: +49-228-815-0299 7/
info@step-initiative.org /"\ UNITED NATIONS
www.step-initiative.org 'S UNIVERSITY
www.ias.unu.edu
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