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1.0 EXECUTIVE SUMMARY

E-waste has grown to become a 50 million ton global challenge. Increasingly, it is
affecting governments as they grapple with how to dispose of the waste properly,
universities as they struggle to offer answers to their constituents, and corporations as
they see their reputations and brands in danger if they cannot find a proper end
destination for their products. The lack of current solutions offers a great opportunity
for groups of entrepreneurial students and business people to create a value chain to
manage the problem. This paper represents an attempt to propose first step towards
developing a comprehensive solution, using as an example the detailed plan of action
developed for the largest public university in South America.
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2.0 INTRODUCTION

The Challenge at Hand: E -Waste in Global Context

What is e-waste?

Electronics waste, or e-waste, includes computer processors (CPUs), monitors,
keyboards, scanners, fax machines, cables, PDAS, and cell phones| essentially anything
digital that is no longer in use.! E-waste presents a unique challenge for end-of-useful-
life disposal; many outdated electronics contain both valuable metals and circuitry, and
noxious substances such as lead, mercury, arsenic, beryllium, and cadmium that can
damage human health and the environment in which they are recycled.

What is the magnitude of the challenge?

Worldwide, we are generating 20-50 million tons of discarded electronics every year.i

The Environmental Protection Agency predicts that, in the U.S. alone, 30-40 million PCs

will need to be recycled in the next two years. And e-waste is not innocuous trash:
althoughe-p EUUT wEEEOUOUU Wi OUwOOO0aw!l dwdi w OI UPEEz Uuw
70% of the toxic waste." An even greater concern is the waste that travels beyond our

borders: Silicon Valley Toxics estimates that only 10% of unwanted, obsolete computers

are recycled responsibly, with up to 80% of US e-waste exported to developing

countries for processing under unregulated conditions.V

Much of the e-waste from the US finds its way to China, India, Pakistan, or West

i UPEEOQwW OEUDPOOUW OPOIl w-PT 1 UPEOQwW &T EOEOwW EOEW " O
computers are resold and the rest is scrapped. When e-waste is shipped to
UODUEUUxUOOUUwW?RUI EAEOI UU> wubOwUI 1T wET YI OOxDPOT wh(
where heavy metals and other poisonous chemicals infect the groundwater and cause
health problems among the local citizens. Hot on the heels of the environmental
damage is the risk of a public relations nightmare. The picture below, Exhibit 1,
demonstrates the potential reputational impact.
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The Opportunity

The news is not all bad. Like any market problem for which there is currently no good
solution, the e-waste challenge also represents a great opportunity. Most of the obsolete
electronics have some value due to the gold, silver, and other precious metals that are
key components. As commodity prices rise and this issue gains more attention, the 80
million TVs, desktop PCs, and other components that the EPA estimates are sitting in
storage will become increasingly valuable] UOWEOOxEOP]I UwUl EOVWEEOwWUO
UUT T UOwOPi 1T 2wxUOBEOI OQwE OE w Utespansidle@adtiochtl ™More) w UT E U L
importantly, the businesses and universities that fail to act will risk irreparable

reputational damage with direct top-line implications.
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Urgency of the Project

The time to act on this issue is now, for three straightforward reasons: the pace of e-
waste generation will only accelerate, new regulations on electronics disposal will likely
follow, and a clear tipping point looms on the immediate horizon. On the first point,
between technological innovations like Windows Vista and BluRay and the tidal wave
of new consumers from the developing world, the creation of e-waste will accelerate.
Secondly, in addition to the European Union, U.S. states as diverse as California,
Arkansas, Maryland, and Virginia have enacted legislation regulating e-waste disposal,
others are sure to follow. Finally, when American television switches to digital in 2009,
it will represent a tipping point in which 300 million analog TVs will become obsolete.
The company that understands these trends and helps to develop the e-waste value
chain will have a significant competitive advantage as the rate of electronics
replacement accelerates.

The Unique Challenge for Universities

E-waste is increasingly a growing problem for universities that are trying to reduce
their environmental footprint. Institutes of higher education are often held to higher
standards for citizenship and ecological stewardship than are corporations. For these
reasons, universities are shifting towards greater control and oversight regarding where
their e-waste is directed and how it is recycled. It is in this context that the E-Waste
Initiative at the Electronic Computing Center (CCE) of the University of Sdo Paulo takes
place. CCE asked the S-Lab team to jump-start their e-waste recycling activities and to
help CCE to take the lead in establishing an end-of-life value chain for e-waste in Brazil.

Goals and Work Plan of the S -Lab Team

With such a broad project in scope, the S-Lab team and its counterpart, the
sustainability committee at CCE, lead by Tereza Cristina Melo de Brito Carvalho (an
MIT Sloan alumna) first discussed the specific project goals in the context of the class.
They were defined as follows:

—
N
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Objective: Develop a detailed action plan to reduce/recycle/reuse cumasteein CCE and
then in USP.

In order to do so the team needed to consider three levels of the supply chain:

Downstream

Downstreamt Help to design goals, a flow chart, and projects with accompanying action
plans to target e-waste and embrace the 3R Principles: Reduce, reuse, and recycle.

Midstream¢ Streamline the internal "market"” for hardware to encourage reuse.
Up-streamt Work with suppliers to minimizee-P EUUT wopl 81 6 w? 11 EAEOEEOI w

After the first conference call with CCE, it was agreed to divide the project work plan in
three different steps:

Step 1: Understand Best Practic8eice the initiative is just starting at CCE-USP (and, as a
matter of fact, in Brazil), one key deliverable was to gather literature, case studies, white
papers, and contacts in order to build as clear as possible picture of best practices. We
further sub-divided the potential sources of best practices into 4 categories: universities,
electronics manufacturers (mostly computer manufacturers), non-governmental
organizations, and governmental regulations. We tried to learn more about each one of
them and feature them here and in the interim report at greater length.

201 xwl ow4 OET UUUEOE w4 2/ z Uwik brdedtb 624l do>sd) theSiLabU wE O E w
team and the Sustainability Committee agreed that the S-Lab team would visit USP as

well as their current and potential partners during a due diligence trip scheduled for

April 17-April 22, 2008.

——
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Step 3: Analysis and recommendatioghile in Brazil, the S-Lab team completed the
analysis of the initiative and suggested a strategy and action plan for transforming
" " $ z-Wasté process. To share the results of the study beyond CCE and Brazil, a USP-
hosted Wiki has been created to store deliverables and information gathered in a live
and interactive way. An equivalent MIT-hosted wiki is also under investigation.

——
(o))
| —



Bonhomme, Castro, Clarke 15.992 ¢ S-Lab

MIT Sloan School of Management Final Paper
3.0 BEST PRACTICES: FINDINGS TO DATE
Universities

Overview: Electronics life cycle

As universities become more proactive about reducing their overall environmental
impact, their attention is turning to the vast amounts of electronics waste they generate
annually. Simultaneously, societal knowledge and buy-in regarding recycling is
TUOPDPOT dwill EaEODOT watd unvdlvds $iffihgdndBepdrating Eelisable
components, which are then substituted for virgin materials in the manufacturing
process. Although recycling is important, a systems-level examination of the e-waste
lifecycle reveals that responsible disposal of e-waste has more steps than mere
recycling.

The first post-user step in a responsible e-waste management system is reuse, which
entails finding a new use or a new user for an old component. By minimizing the
amount of energy expended to reclaim materials for usefulness, this method is the most
environmentally sustainable.

When computers are no longer useful in their current configurations, some universities
engage in remanufacture, which involves dismantling and reconfiguring computers for
further use, sale, or donation.v Remanufacture differs from recycling in that the original
computing attributes of certain components are retained, rather than converting those
pieces back down to the raw materials.

A N A e s

presents the best option for dealing with the end-of-life of electronics waste. Because of
the labor and chemicals involved in this stage of the processing chain, universities
usually opt to send their e-waste to outside professionals at this point.

University best practices

——
~
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Regardless of the country of origin, we believe that the best practices for e-waste
management nearly always involve a system approach.V Although the ideal system
POUOCEWOEDPOUEDPOWOYI UUPT T UwOYI UWEOOwI Ol EVDUOODPEL
option for most universities is to plan and monitor the status of electronics from the

UPOIT wUOT T wUOBYI UUPUAWUEOTI UwxOUUIT UUDPOOWUOUDPOWUIT

Best practice: Systems approach towards procurement

The University of California (UC) is an excellent example of a large, disparate

university passing system-wide policies that affect real change. As part of the

UOPYI UUPUazUws$sOYDBDUOOOI OUEOQwW2UUUEDOEEDOPUaAW/ O
10,000 computers a month and disposes of more than 1 million pounds of e-waste

annually, has mandated that the entire 10-campus system may only purchase items that

meet the Electronics Product Environmental Assessment Tool (EPEAT) standard.vii

Going forward, UC will also leverage its size to influence both providers and recyclers.

IOUwOl Pux OOPEPI UwUI gUPUI wUT EVwW?UEOI WEEEO? wWEI wt
For existing e-waste, all UC campuses are now prohibited from contracting with any

recycling company that either exports computer components or uses prison labor to

process them.viii

Best practice: Encouraging reuse

A pioneer in encouraging reuse is the University of Colorado at Boulder. The
UOPYI UUPUazUwli EAEOPOT w21 UYPET UwUxOOUOUUWUT T w
clearinghouse of surplus and durable goods, including the 333,000 computers statewide
estimated to become obsolete every year.ix Regulation has helped to create significant
buy-in: the state of Colorado classifies waste electronics from industry and educational
institutions as hazardous waste, making it expensive to dispose of e-waste through the
trash system.x Instead, businesses and organizations can use the Colorado Materials
Exchange to find a new re-user or to identify a proper e-waste recycler who will charge
less than the hazardous waste disposal fee. On a systems level, the Colorado Materials
Exchange also holds lectures around the state for individuals and institutions on how
best to utilize their e-waste.

——
oo
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Best practice: Process monitoring beyond loss of possession

Duke University manages its e-waste through two parallel outlets: donation and
processing. For functioning computers for which the university no longer has a use,
Duke wipes the data and trains university students to reinstall Microsoft software
before donating the computers to local charity organizations. Duke is fortunate in that
the Tri-City area around Durham has a strong infrastructure in place for training the
recipients of the donated computers; IBM, Cisco, and others sponsor programs with the
goal of one computer in every Durham home.xi On the other side, Duke maintains a
database of all electronics to be recycled, and uses its own Environmental Safety Office
to monitor contractors and assure that all products are processed as agreed upon in
sustainable way.

Although all of the universities profiled above have developed creative solutions to the
e-waste problem, it seems that an ideal system for e-waste disposal can be far simpler.
In the United States, where both regulation and the end-of-life e-waste processing chain
are fairly advanced, the best practice seems to be to negotiate contracts with the
countries where regulation and public pressure have not put as much pressure on
computer suppliers, such as Brazil, this option has not been sufficiently developed.

Elements of a sustainable system for e -waste management
Phases: System Requirements:

——
(o)
| —



Bonhomme, Castro, Clarke 15.992 ¢ S-Lab

MIT Sloan School of Management Final Paper
+ Purchasing guidelines
+ Dialogue with producersto formulate more sustainable products
Purchase | e Digital inventory catalogue

K

+ Realistic, sustainable schedule of collection

+ Online asset dispositiontool
Reuse + Standard operating systemforupdatinginventory catalogue

*Donation:
* Non-profit programs with strongrelationshipto university
Processing| ponation | Take Back | * Training/service capacity, ideally in partnership with electronics suppliers

\/ : |
*Processing:

+ Clearrecycling standards for procesors with internal or external auditing
+ Financial modelwherein more valuable e-waste subsidizes disposal of more hazardous

X

<

_/
~
* Take Back:
+ Leasing program from preferred electronics suppliers
+ Clearrecycling standards for suppliers with internal or external auditing
J

20UUEI 6w UUT OUUzwUI EOGOOI OEEUDPOOUG

Computer hardware and suppliers

Over the course of the project, we analyzed HP, IBM, Dell, Sony, ItauTec* and Apple
Computer e-waste practices. We concluded that all of the mentioned suppliers strictly
follow local laws and regulation, but in developing countries where e-waste regulation
is not in place yet, suppliers simply adapt to those less strict rules, thus having different
e-waste policies throughout the world. Therefore, in countries where e-waste
legislation is more advanced, companies compete towards a more aggressive e-waste
management policy, while in countries with less strict laws they follow the minimum
required rules and sometimes even lobby to prevent or delay new laws.

Based on the Greenpeace Greener Electronics standard, Nokia, Dell, Lenovo, and Sony
lead the manufacturer group as we can see in Exhibit 2.

10
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Exhibit 2: Greenpeace Guide to Greener Electronics
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Source: Greenpeace

3T 1T w&UI 1 Ox1 EETl wEUDPUI UPEWPUWEEUI EwOOwUPOWOEDOuU
their products by eliminating hazardous substances, and second, theP U wx OOPE DI UwU O
EEEO? wEOEwWUI EAEOI wxUOEUEUUWOOET wUTT awEI EOOI wod

We believe that 3 main elements should compose a sustainable e-waste strategy for
suppliers. First, suppliers should review their own operations/product development
strategy to make it more sustainable. Second, they should explore how value-chain
partners could be part of their overall e-waste. And third, suppliers should assume
responsibility for the treatment of their products when they become obsolete, thus
closing the production cycle from the beginning until the end. The third level has the
most relevance for the CCE project in Brazil.

Suppliers can innovate in their product development by decreasing key polluting
materials or difficult-to-recycle components as well as developing products that are
easier to remanufacture. Note that this represents a medium term solution since the
product cycle in the industry is2-+ wal EUUS w3 T UUOwPIi wOl pwuxUOEUEUU
i UPl OEOGa~» wUI EET wUT 1 wOEUOI UwydaisEdE thetuicddmima® O O w x U C
the market. Moreover, in developing countries this cycle may take more time and

11
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depends a lot on legislation pressure. Yet there is a great market opportunity. As we
can see in Exhibit 3, it is expected that only 3% to 5% of the electronic waste cannot be
recycled and needs to be properly processed, thus representing a huge opportunity for
business development and creation of new players in the value-chain that use this e-
waste as an input for their production.

Exhibit 3: Composition of one ton of mixed electronic scrap

Iron 35-40%
Copper 17%

Lead 2-3%
Aluminum 7%

Zinc 4-5%

Gold 200-300 grams
Silver 300-1000 grams
Platinum 30-70 grams
Fibers and Plastics 15%

Paper and Labels 5%

Residuals that cannot be recycled 3-5%

Source: Cimelia/IDGnow.com.br

Unfortunately, in Brazil as well as in most of the developing world, the e-waste

treatment value chain is non-existent. Since there is no pressure or regulation from the

government, e-waste is discarded in regular dumps and there is no special collection

system in place. In fact, some poor people collect this type of waste in the dumps and

Ul OOwPUwUOwWUOEOOwW xUOEI UUDPOT WEOOXxEOPI UWEEOOI
materials and then discard or burn the residual pieces at great cost to their own health

and the environment.

No one has bothered to measure the e-waste generated in Brazil annually. The World
Bank estimates that there were 105 personal computers per 1,000 people in Brazil in
200541 and if estimate that there are 188 million Brazilians, there are likely 20 million
personal PCs in Brazil. We observed that Brazilians hold on to their computers longer
than Americans, so if we assume a replacement cycle of 5 years, Brazil is probably

——
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generating at least 4 million computers of e-waste a year. To the best of our knowledge,
no one has ever studied where the e-waste currently goes.

In conclusion, suppliers only compete on sustainability in countries where there is a e-
waste legislation in place. From our research, the only supplier that collects their
obsolete products in Brazil is Dell. HP is now starting to identify local partners to treat
their waste, while simultaneously claiming that the value-chain is still underdeveloped
to support a sustainable approach.

NGOs and Consortia

Through our investigation into NGOs offering best-practice advice regarding e-waste,
we gleaned the following about the state of field:

A Most organizations have become very active only since 2003-2005.

A For recyclers and processors, thl w! EUI Ow E UD OO w-stevihrd€atkOz U wp!
EOOUPEI Ul EwUT T wOOUUWEEODPUEEO] wp$s Ol EVUOODEL
Stewardship--see below).

A 37T 1T wrikf @BHUU? wUI Ul EUET wPUWEOODOT wOUUwWOI wE Owf
the E-waste Problem (StEP). (see below)

A Much of the best work is either a work-in-progress or controversial, thus access

to key blogs and people is essential.
On that note, further information and the websites for the best non-governmental and

inter-governmental and global consortium organizations for e-waste are included in
Appendix A.

Government: E -Waste Legislation in Brazil

The S-Lab team realized that the success of the project required that we understand

l UEADPOzUwUI TUOEUOUA wi OnaseUBy Gobectidgtnisnfarmaticm O OET U O
OO0l wxOEETI Owbl wi OxTl wUOOwWUT I EwODPT fa-VisuAdr@ricah " $ z Uw L
counterparts.

——

13

——



Bonhomme, Castro, Clarke 15.992 ¢ S-Lab
MIT Sloan School of Management Final Paper

The only federal legislation in place in Brazil today is Resolution 257 from the National
Environment Committee, which limits some toxic substances used to produce batteries
and delegates the responsibility for collecting and properly disposing of them to the
batteries suppliers.

This year a very important movement took place towards the approval of a long-
awaited e-waste law in Brazil. The states of Santa Catarina and Parana both have issued
a state law requiring local producers to collect and properly dispose of e-waste. This
movement clearly shows a possible change in the overall Brazilian reality for e-waste. In
fact, international companies such EUw3 " &QwOOOP Owi O wu i upid OWRI®I AUl
for e-waste management to companies such as HP, Dell, etc, are starting their
operations in Brazil following this possible future trend in the Brazilian market.

——
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4.0 FINDINGS FROM CCE-USP VISIT

Background on CC E-USP

The University of Sao Paulo is the largest public university in South America. It has
seven campuses and 80,000 students, faculty, and staff. Within this huge organization,
the Electronic Computing Center (CCE) manages the USP Sdo Paulo campus
computing, IT, and telephony needs. It corresponds around 60-70% of the USP
informatics infrastructure. The Director of CCE, Prof. Tereza Cristina M. B. Carvalho,
given that the University has 40,000 computers at any given time, estimates that 10% of
which are taken out of service every year.

Prof. Carvalho identified sustainability as a key focus for the 2007-2008 school year. She
believed that the current system for dealing with e-waste was insufficient and invited
the Sloan team to analyze the opportunities for transforming the system. The team from
MIT Sloan visited University of Sao Paulo for five days. The agenda for the visit can be
found in Appendix E.

The e-waste situation at CCE prior to the project can be described as follows:
A A backlog of electronics residuals from CCE and other places
A An ad-hoc approach to e-waste processing and disposal
A No upstream solution

These e-waste problems at CCE were mirrored in departments across the university.
Scope of the S-Lab Project

The S-Lab team approached the project with an eye toward the larger challenge of how

a university can create a sustainable system of electronics acquisition and disposal. With

/] UOI Bw" EUYEOI Ozwl OEOQUUET T Ol OUOQwPIT wET OUL wlOOwIi
waste life cycle: how to recycle and process e-waste in a sustainable way. We decided to

limit the scope initially to CCE: if successful, the project would serve as a proof-of-

concept that could be applied elsewhere around the university and in Brazil.

——
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E-waste Challenges Identifi ed on Site Visit

Duringthe St+ EEwUl EOz UwUOUDPx wUOw! UEADPOwWDPOwI EUOAa w

visit and interviewed various members of each CCE department. After these interviews,
the main challenges facing CCE became apparent:
A CCE had no centralized place for storage and sorting of E-waste.
A No sustainable end destination had been identified for certain e-waste (i.e. fiber
optics).

inventory or e-waste generated.

A There were insufficient incentives or system in place to encourage re-use of
electronics.

A There is no legislation in place in Brazil for e-waste treatment/processing nor a
value-chain prepared to sustainably scrap the e-waste.

A""SWEOEwW42/ zUw Ilatio®d @Agencia thovacgodVoQld need to be
prepared for a larger role in centralizing electronics inventory and e-waste
management

Furthermore, although we were not able to determine an exact number for the amount
of e-waste the University of Sao Paulo generates, we were able to get a better estimate of
the amount of electronic equipment in use. From their inventory management system,
we determined that they currently have 15,593 printers, 37,420 microcomputers, and
3,998 network devices in use. Prof. Tereza also greatly informed our research by
estimating that the university generates e-waste amounting to 10% of the equipment in
use, i.e. approximately 4,000 PCs, 400 network devices, and 1,600 printers.

Recommended Strategy Proposed to CCE-USP

After determining the main challenges, the S-Lab team recognized that in order to
create buy-in among the stakeholders whose participation would be imperative, we
would need to share a big-picture vision of where the future of e-waste management at
CCE could lead. Therefore, we presented a short-, medium-, and long-term outlook:

——
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A ShortTerm Target Collect and sort all current E-waste at CCE by Sustainability
Week
A MediumTerm Target Create a system in equilibrium between e-waste generation
and sustainably processing and use the CCE Success Case to expand to all USP
Campus (1-2 years)
A Long Term TargetEnvision and work towards an optimal stage when e-waste
regulation is in place and USP has a system-wide e-waste management
solution] x 1 UT Ex UwbOYOOY D AT wEdE BEEQRBudd QuaEpdaERul PUuiEqe U U U
A The strategy proposal, in the form of a PowerPoint presentation, can be found in

Appendix C.
Specific Action Plan Presented to CCE -USP

After the CCE Sustainability Committee and department heads had endorsed the vision
and recommended strategy, we proceeded to expand upon one of the key deliverables
for the project: a detailed plan with concrete action items to implement after the S-Lab
team returned to Boston. To that end, we generated an Excel spreadsheet with a
roadmap of projects to reach both the short-term and medium-term targets. We made
sure to translate the document into Portuguese so that all CCE employees could follow
along.

As a team, we struggled over whether to be completely comprehensive and risk
overlooking the local nuance, or to be more strategic and risk giving guidance that was
UOOwWYET Ul 6w UVUWEWEOOxUOODPUI OwbPl wWET OUI wOOwWUUT T 1

A N N oA

project ownership.

For every project, we provided a brief description of what needed to be accomplished,
suggested metrics and quantitative targets for measuring progress, assigned
responsibility, and explained the impact that would be realized if the project were
completed. The complete CCE project list can be seen in Appendix D.

Empowering the Change -Makers

——
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We hope that by handing off our action plan, we have encouraged CCE to leverage
technology to clean out their e-waste, to put pressure on the end-of-life value chain to
develop towards sustainable solutions, and to expand their pilot to the rest of the
university and beyond. The success or failure of the CCE pilot now depends on the
our experience in Sdo Paulo, we would also strongly suggest that USP consider
appointing a Manager of Sustainability to assure that none of the great momentum built
at CCE is lost when the myriad projects hit rough patches (in fact, Tereza is considering
creating this position and is looking for a potential leader who is prepared and
energized to lead such project).

If CCE meets the targets in the action plan and transforms the e-waste management
solution to this problem. It will also become a case-study in value chain transformation
in a country where sustainability is not priority number one. And that will be
something of which the entire university can be proud.

5.0 GENERAL LESSONS FOR UNIVERSITY ADMINISTRATORS

Although the recommendations developed for the University of Sdo Paulo are
specialized to their specific system and e-waste problem, it is possible to distill those
lessons into a generic action plan that any university or large organization can
undertake to begin to understand and tackle their e-waste. Those actions can be
summarized as follows:

Build a team invested in finding a sustainable e-waste solution

Scope the addressable problem

Map out current methods for electronics acquisition and disposal

Identify existing (dis)incentives to dispose of e-waste sustainably

Identify appropriate partners for e-waste disposal

Determine optimal solution for e-waste management

Create pilot project, set targets and deadlines, and enlist allies

N o ok~ DR

1. Build a Sustainability Team

——
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-OwbOEDPYDPEUE Owb b OO wUWabty drablEnDan Biddr edova. Eduvil Oz U wi
need to build a team of highly motivated like-minded people who can help you gather
information, create an action plan, and execute.

2. Scope the Addressable Problem

Life cycle scoping: UWEOwUT 1 w4 OPYI UUPUa wlOi w2veasiewrofdnO O wO w
has an upstream, midstream, and downstream element. Choose where you will focus

your energy, recognizing that each stage will require different internal and external

partners and will create impact on a different time scale.

The upstream challenge (i.e. how to transform purchasing so that future electronics
entering the system are the most sustainable possible) will require partnerships with
both the purchasing department within the university and external electronics
suppliers. Even the most profound transformation in contracts and purchasing will only
generate changes 2+ years down the road, after the purchasing criteria are negotiated,
the first sustainable purchases are made, and the newly acquired equipment exhausts
its usable life and needs to be retired.

The midstream challenge (i.e. reuse| how to properly reallocate resources within the
university to generate as little unnecessary e-waste as possible) will require buy-in from
all of the departments that currently use electronics, and the office/departments that
buy, track, and inventory them. The effect may be nearly immediate, but absent
upstream and downstream solutions, the magnitude of the change may not be
satisfying.

The downstream challenge (i.e. developing a system to process all residuals at the end
of their useable life in a sustainable way) will require developing strong relationships
with a number of outside partners that will agree to both rigorous standards for
processing e-waste and a system of auditing. The downstream solution, although
potentially the most challenging, also has the potential to produce the most immediate,
visible results. When e-waste that was formerly lying in closets or going out with the
trash begins to be sent to its proper destination, the positive momentum will be great.
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Scoping the Project by Scalnother series of questions that a change-maker must ask
himself/herself is, given the structural constraints of his/her given environment, what is
the best size for the initial project. If he/she has high-level support and sufficient
resources, it may be possible to create a system-wide solution. However, most activists
will find that starting in one enthusiastic department where commitment is high will
produce better results, which can then be scaled university-wide.

3. Map Out Current Methods for Electronics Acquisition and Disposal

After the scoping exercise to determine hOP WE DT wEw?2 Ua uU0il 02 wbUwUOWET u
xEUUPEDPxEOQOUUwWUIT OUOEWEUI EUl wEwWi OOPwWET EUCwI OUwI
example flowchart is attached as Appendix C).

Although the flowchart will provide a picture of how an individual electronic

EOOx OOl OUwi OUI UUWEOEwWOI EYI UWwEwWUODPYI UUPUazUwUa
understand the aggregate volume of e-waste the entire system generates. In the process,

the organizer should develop a clear picture of the classes of e-waste that must be dealt

with, and the frequency of collection and processing that the various types of e-waste

require.

4. ldentify Existing (Dis)incentives to Dispose of E  -waste Sustainably

The sustainability team should conduct interviews throughout the electronics life cycle
and value chain to determine all existing incentives related to electronics purchasing,
use, and disposal. If incentives exist that discourage the sustainable processing of
electronics at their end-of-life, policy changes to transform those incentives should be
included in the project work plan.

Additionally, the sustainability team should seek to understand the incentives facing e-
waste processors as a result of national and regional regulation. Although these may be
difficult to change in the short- to medium-term, at least the sustainability team will
understand which challenges are unique to their regional environment.
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5. ldentify Appropriate Partners for E -waste Disposal

i Ul Uw UT 1T w EVEDPUw Odwastd) ehevatiorO Bay beer) @hbacted) uthé
university can begin seeking partners with the capacity to process the types and volume
of e-waste created in a sustainable way. The first step in this process is to understand
the existing value chain for electronics residuals within the country in question. How
OEOawxUOEI UUOUUYUI EAEOI UUWEUT wUI T Ul pwastel E0w DU
processing? To which standards or industry best practices do they adhere? Are those
U1l wUOPYI UUPUazUWUUEOI T OOET UUy w61 PET wxUDPEIT UwWE
for which classes of e-waste? Does the company process all e-waste itself, in country, or
are parts of the process outsourced? And who audits the company to assure that it is

living up to the standards it advertises?

In the process, universities in many countries (or even regions of the US) may discover

that appropriate partners do not exist. In this case, the university may want to pursue a

short-term, long-term solution: if possible, the sustainability group may wish to gather

and store e-waste that cannot be processed sustainably, while the group works toward

the long-term goal of shaping or creating the e-p EUUT wYEOUI wET EPOBd w31 1
amount of sway in this matter is likely related to its size.

6. Determine Optimal Solution for E -waste Management

Partnering with a recycling or processing firm will help solve a uniYl UUBPUaz UwOEUC
PDOYI OUOUawxUOEOI Obw' OPI YI UOQwUDPOxOQaw?Ul EAEODOI
not be the best solution to e-waste management. Many organizations are now

xPDOOI 1 UPOT wEWYEUDI Uawdi wOOEIT O u&pomsidiftpriddd®d OT wWE w 7
in which the company that creates the computer is required to reclaim and reuse/recycle

it at the end of its useful life. This leasing model may represent an attractive alternative

to the widespread practice of PC purchase and subsequent scrapping. The university

may also want to explore a hybrid model, in which it still purchases the computers, but

the university itself separates the electronics components and chooses their processing

destinations.

——

21

——



Bonhomme, Castro, Clarke 15.992 ¢ S-Lab
MIT Sloan School of Management Final Paper

Although donation is always an option a university should consider, from our research
it appears that donation programs are the most effective if there is a supportive
infrastructure in place to help with computer set-up, training, and maintenance. In this
case, partnering with sympathetic hardware and software manufacturers as well as
local community groups will be more effective than unsupervised donation. The
university may also encounter a bewildering problem: people often consider items that
they receive for free as lower quality, and so may not use the computers to the extent of
their capacity.

One stretch goal that USP should be able to realize may also be an interesting target for
other universities: create a financially self-sustaining system for e-waste processing. If
the university successfully determines which classes of its e-waste have value vs. those
that are costly to dispose, it may be possible for certain types of e-waste to cross-
subsidize the disposal of other types. This could be an important facet of a holistic e-
waste management system.

7. Create Pilot Project, Set Targets and Deadlines, & Enlist Allies

3T Twi PUUUWUPRWUUTI xUWEEOYT wpPOOwWT 1 OxwUOwUI Uw
initiatives. The rest of the project will require execution, the specifics of which will rest

primarily in the hands of those committed to change. Finally, we hope that this project

becomes a first step towards allowing big players such as University of Sao Paulo to

have an impact not only locally, but also internationally, by sharing best practices and

using the marketing of such activities as positive feedback loops to drive
implementation and knowledge sharing.

6.0 CONCLUSION

This is the appropriate time to start caring deeply about the e-waste problem. It is a
challenge that will catch up to any electronics-dependent society eventually. The
University of Sao Paulo has excelled at thinking about this issue strategically, and any
corporation, university, or government would be short-sighted not to do the same.
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7.0 APPENDICES

Appendix A: The Best NGO and | GO resources on e-waste

Basel Action Network (BAN: http://www.ban.org/)

BAN is a non-governmental charitable organization working to combat the export of
toxic waste, toxic technologies and toxic products from industrialized societies to
developing countries. BAN operates globally but is based in Seattle, Washington,
United States, with a partner office in the Philippines. BAN is named after the Basel
Convention, a United Nations treaty designed to control and prevent the dumping of
toxic wastes, particularly on developing countries. BAN serves as a watchdog and
promoter of the Basel Convention and its decisions.

Solving the E -waste Problem (StEP: http://www.step -initiative.org/)

StEP (Solving the E-waste Problem) was launched in March 2007 in Bonn, Germany and
is an international initiative, created to develop solutions to address issues associated
with Waste Electrical and Electronic Equipment (WEEE), also called E-waste or
Electronic waste. Some of the most prominent players in the fields of Production, Re-
Use and Recycling of Electrical and Electronic Equipment (EEE), government agencies
and NGOs as well as UN Organizations count themselves among its members. StEP
encourages the collaboration of all stakeholders connected with e-waste, emphasizing a
holistic approach to the problem.

Silicon Valley Toxics Coalition (http://www.etoxics.org)
Silicon Valley Toxics Coalition is a diverse organization engaged in research, advocacy
and grassroots organizing to promote human health and environmental justice in
response to the rapid growth of the high-tech industry

Free Geek (http://freegeek.org/)
Free Geek is a collectively-run non-profit organization started in Portland, Oregon in
2000. Free Geek has two central goals: to reuse or recycle used computer equipment that
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might otherwise become hazardous waste and to make computer technology more
accessible to those who lack financial means or technical knowledge.

Free Geek's refurbished computers are given to other non-profit organizations or to
volunteers in Free Geek's adoption program, or sold in the organization's thrift Store.

Computer Bank Victoria (http://vic.computerbank.org.au/)

Computer bank Victoria founded the Australian Computer bank project in 1998. They
recycle donated computers with quality free software and distribute them to
disadvantaged individuals and community groups. Donated computers are tested and
obsolete parts are stripped and recycled by volunteers, staff and Work for the Dole
participants. They install a free Debian Linux operating system on computers. The
system is customized to run efficiently on older hardware. Computer bank is run by
volunteers.

2EOQOWNUEOEPUEOzZUwW" OOxUUI Uwll EAEODOT w"1 OUI Uwepl U
2EOwW %UEOEPUEOZUwW" OO0xUUI Uw 1l EAEODOT w"dad®UI Uw EI
partner ¢ and the story of how they got it off the ground is right on their website! They
UUEPOwWaobUUT wUOwUI I UDUEDPUT wUOT 1 weOOxUUI UUB w?61 wi
ideas to private and government organizations from states in the USA, and countries

s AN N AN
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Appendix B: Schedule for MIT Sloan visit to Electronic Computing
Center (CCE)

Friday, April 18, 2008

A, (3w200EOwUI EQOWEUUDPYI UwbOw2édw/ EUOOwW

A Tour of CCE

A MIT Sloan team presentation to CCE department head, chiefs, and Sustainability
Commission

A Interviews with DTO, DA, DevREDES, and DevMEC

Saturday, April 19, 2008
A MIT Sloan team meets with Prof. Tereza Cristina to discuss preliminary findings and
proposed solutions

Sunday, April 20, 2008
A MIT Sloan team meets to analyze data and draft both final presentation and final
report

Monday, April 21, 2008
A Conference call with HP. MIT Sloan team and Directors of DevMEC in attendance.
A MIT Sloan team meets with Prof. Oswaldo Massambani - Director of Agencia USP

(OOYEEe& OB w

Tuesday, April 22, 2008

A MIT Sloan team and Sustainability Commission visit ItauTec's factory and Recycling
Center

A MIT Sloan team and Sustainability Commission meet with Suzamkim, a key recycler

in Brazil

Interview with DAT

Final Presentation

#1 xEUUwi UOOw2ée dbw/ EUOO

> > >
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Appendix C: USP-CCE Flowcharts of Electronic Residuals

Final Paper
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Maintenance of CCE Equipments
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Appendix D: E -waste on the Brazilian market: S elected values

Recyclable Material of Value
A Printed Circuit Boards (PCBs) (placa3
o Light-weight precast plates/class 1 or L (placas leves)worth R$4.00/kilo
o Audio (placas audipt worth R$0.50/kilo
A Polystyrene foam (isopo)
Plastics (plastico$
Metals (metaig
A Solder (Solda)

A
A

Recyclable Material of Cost
A Batteries
A Monitors (CRTS cost R$0.04/kilo)

Prices reported as of April 22, 2008. Source: Interview with Jo&o Carlos Redondo,
Sustainability Manager of ItauTec
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Appendix E: Final Presentation to CCE (Engl ish Version)

See attached .ppt file (or, if online, double click on the slide below to open PowerPoint
presentation)

ELECTRONIC COMPUTING CENTER o0 USP
MIT PROJECT

Visit Wrap -up

——
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Appendix F: Project Plan Presented to CCE (English Version)

See next two pages or attached .xlIs file.

Source: MIT Sloan team.
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