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ABSTRACT

RECOMMENDATIONS FOR DEVELOPING AND MANAGING AN INTEGRATED
ELECTRONIC WASTE POLICY & INFRASTRUCTURE IN THE REPUBLIC OF MAURITIUS
by Hrishikesh Ballal
Electronic waste (e-waste) is a rapidly growing problem as well as a business opportunity given the
huge volume that is generated. While there are a number policies and philosophies that guide end-oflife handling of electronic waste, currently there is no holistic framework or model that can be applied
as a policy development and management tool.
Mauritius is a small island located off the coast of Africa in the Indian Ocean with a population of 1.2
million people and an area of about 787 sq. miles. According to a recent survey it is estimated that each
Mauritian generates about 0.9 kilogram of waste par day, which represents about 375,000 tons of waste
annually. The Government of Mauritius recently declared one of its medium term goals for the
country is to make Mauritius a sustainable island. It is observed that by developing the capability to
handle electronic waste, the general capability of a waste management system is significantly increased.
This work, funded by grants from the MIT Public Service Center, aims to address the problem of
electronic waste in general and in the context of Mauritius in particular by:
- Developing a cradle-to-grave model of material and financial flows of electronic products based on
extensive literature review. This model is used to conduct an in-depth analysis of the policy, practices
and material and financial flows in various countries.
- Providing analytical tools to visualize activities and formulate effective policy and actions to address
this problem.
- Conducting a household level e-waste survey to characterize its nature and content in Mauritius.
- Recommending changes to existing infrastructure in Mauritius to enable them to be upgraded to
Material Recovery Facilities to help in recovery activities on the island.

Thesis Supervisor:

Nicholas A. Ashford

Title:

Professor of Technology and Policy
Director, MIT Technology and Law Program
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PREFACE

"Be the change thatyou wish to see in the world" - Mahatma Gandhi
That statement by Gandhi has had a profound impact on me over the years. I have always been
interested in volunteering and public service but looking back, the biggest change came when I was
offered an internship at the United Nations Headquarters through their Internship program in 2002 in
New York City. I was offered a position in the Procurement Division and the experience has had a
tremendous personal impact on me. My experience at the United Nations reaffirmed my interest in
volunteering and changed my perspective on the power of personal contribution. I have never
regretted the decision and while the living on a small budget was difficult, I enjoyed every second of it.
I have made life-long friends and my personal and professional mentor is my manager at the United
Nations. More recently, in Ireland where I work, I volunteer with ECO-UNESCO a non-profit
organization that specializes in environmental education and providing practical environmental
education services to young people, youth groups, schools and interested individuals. ECO-UNESCO
develops education programs, training sessions and materials regarding waste management with a
specific context to Ireland. While I see the power and effectiveness of working in a private company
and the benefit it brings, I also believe that this volunteering and public service has helped me become
a better person and get a better perspective on the world.
I think that this fellowship and this project helped achieve a big milestone in my life by helping me
enable change on a bigger scale. It had a huge personal impact on me: I have understood that our
environmental problems are real and I am energized to attempt to address some of the problems by
best utilizing the resources I have access to because of my unique position.
With the age of information, human activity around purchase and manufacturing of electronic
products is going to increase exponentially. If we can implement a system that addresses this problem
in a holistic fashion in Mauritius, it can show the world a method to implement this for any developing
country and eventually to the rest of the world. This work is an attempt by me to be the change I wish
to see.
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Chapter 1: Introduction to E-waste

1.1 Introduction
We live in the age of Information. The sale of electrical and electronic equipment is projected to
increase exponentially in the coming years with people in countries like India and China joining the
Information age. In a number of countries, particularly in the European Union, producers have been
at times mandated to take back the products that have been sold; this is the principle of "Extended
Producer Responsibility". In others, there is a take back charge that covers part of the cost of
recycling, reuse or post end-of-life processes including disposal. While there is a strong regulatory
framework in place in most of the developed and bigger economies, such framework and even
infrastructure is not present in other developing parts of the world. This is partly because it is difficult
to replicate regulations especially around end-of-life issues for the developing and middle-income
world given the high cost of technology and capital spending. It is even more so in the case of
Mauritius which is a Small Island, Middle Income country.
This is a thesis project that aims to have a real impact by helping design a policy framework and a
prototype of design of e-waste collection centers for the Republic of Mauritius. In the following pages,
I propose a framework providing guidelines to construct e-waste collection centers based on a
community need and in compliance with regulations and international standards. This work is done in
conjunction with University of Technology (UTM), Mauritius a leading technical University in
Mauritius. This end-to-end solution is a part of a long term project in UTM and I worked on this as
part of a Public Service Fellowship award at MIT throughout 2008.
This work started with a trip to Mauritius as a part of a Public Service Fellowship awarded to me by
the MIT Public Service Center in December 2007. I spent the month of January 2008 in Mauritius
working with the University of Technology Mauritius and the Ministry of Local Government in
devising a strategy to solve some of the problems associated with e-waste and the unique context in
Mauritius. At the time of writing this paper I have received another round of funding to visit Mauritius
and I will present my findings to the Ministry of Local Government.

Electrical appliances also include refrigerators, televisions and other household equipment, these are a
lot more prevalent all over the world as compared to the PCs etc. Also, since the regulations regarding
disposal of this waste are relatively new, producers have little or no liability towards products sold
before a particular time period. Governments must then work with private recyclers to help them
collect and recycle or reuse or safely dispose this waste. Waste Electrical and Electronic Equipment
(WEEE) or e-waste is the term used to describe old, end-of-life or discarded appliances using
electricity. It includes computers, consumer electronics, fridges etc. which are not biodegradable and is
very toxic therefore cannot be disposed off in a land fill and special processes have to be employed to
handle the waste.
E-waste is any waste consisting of broken or unwanted electrical or electronic equipment as is
commonly referred to as WEEE (Waste Electrical and Electronic Equipment). Safe storage and
disposal of e-waste is an important problem because of the presence of toxic materials in them. In a
community, waste collections are carried out by local authorities or private enterprises or public drop
drop-offs and are placed in a designated facility. Usually after collection, the waste is stored in a
collection center and then the recycling companies are given access to it for them to take the parts they
are interested in for recycling per prior contracts and agreements.
In this thesis, I propose a design upgrade of the existing waste transfer stations to a waste collection
and sorting facility and consequently developing set of guidelines for design of a comprehensive policy
Mauritius. I achieve this by conducting surveys, engineering floor plans and investigating best practices
for a waste storage center in addition to developing a life cycle model to help in guiding policy
decisions. This project is part of long term work currently undertaken by University of Technology,
Mauritius at School of Sustainable Development and Tourism and is partly funded by the Ministry of
Local Government and Ministry of Environment at the Republic of Mauritius. The policy
recommendations implemented by the ministry of Local Government are analyzed through a holistic
model to ensure long term sustainability of the activities.

1.2 Motivation

E-waste is a growing problem especially since the increase in consumption of electronic goods
especially in developing countries. There is a need to design and develop an end-to-end framework for
e-waste collection and disposal. The aim of this project is to research the existing state of the art
processes regarding e-waste handling and use them analyze current activity and then to develop
recommendations for the Ministry of Local Government. This larger goal involves, characterizing ewaste in Mauritius, transforming a waste transfer station into a collection center and analyzing the
effectiveness of initiatives in place.
The detailed aim can be summarized as below:
1) Construct a holistic frame work by taking into account work that is done elsewhere that would
inform the design of a holistic e-waste policy.
2) Conduct e-waste profiling activity in Mauritius to understand the nature of waste in the country.
2) Propose a working prototype of a collection facility utilizing existing infrastructure.
3) Analyze policies in place and potential policy options to address end-of-life issues with e-waste and
after-collection procedures.
There are no studies or documentation or a standardized framework that can be used as a base to
develop on for this work. Developing standardized procedures and documentation will be useful in
jumpstarting e-waste collection and storage in Mauritius since it can be used to build and maintain a
network of collection centers. By developing the guidelines based on international norms government
regulations and addressing the local needs and characteristics of the waste we are proposing to take the
first step to develop context-specific solutions to the e-waste problem in Mauritius.

1.3 Background
Mauritius is a small island nation off the coast of Africa in the Indian Ocean. With 1.2 million people
living on the 787 sq. mile island, Mauritius is one of the most densely populated nations in the world.
According to a recent study by Carl Bro International, it is estimated that each Mauritian generates
3

about 0.9 kilogram of waste par day, which represents about 375,000 tons of waste annually. The
composition of solid waste in Mauritius is

45 %

yard waste, 25% domestic garbage, 11% plastic, 9 %

paper and the remaining 1 0% is mostly metal, glass and other wastes. Because of the small size of the
island, the Government is very interested in improving waste management abilities of the country. Of
particular concern is the electrical and electronic waste (e-waste). E-waste is any waste consisting of
broken or unwanted electrical or electronic equipment as is commonly referred to as WEEE (Waste
Electrical and Electronic Equipment). The main problem with e-waste is that it non-biodegradable and
is very toxic therefore cannot be disposed off in a land fill and special processes have to employed to
handle the waste. The following table lists the harmful contents of WEEE:

Selected
appliances
Refrigerators
and freezer?

Personal
computers

TV sets

Reasons for selecting the appliance
Corresponding
category in proposal for
the
WEEE directive
* example of a well-defined WEEE
Cat 1
Large
household
*
example of a saturated market and
and
Largefreezers
appliance
'steady-state model'
*
regulations for collection and
treatment insome countries
implemented
*
rapidly growing market and the
Cat. 3: IT &
treatment of used PCs is an
telecommunication
increasing problem
equipment
*
example of dynamic-state model'
Cat. 4: Consumer
*
same remarks as for ref rigerators
equipment

Photocopiers

Cat. 3: IT&
telecommunication
equipment

*

example of up to 85 % take-back
and re-use of parts and
components

Fluorescent
tubes

Cat. 5: Lighting
equipment

*
*

widespread, common appliance
different collection and treatment

Small
appliances

Cat. 2, 4. 6, 7:
Small household

*

Main dangerous
substances
included in the
appliances
CFCs, Hg

Pb, PbO, Hg, Cd,
PCB, PVC, flame
retardants
Pb, PbO, Cd, PCB,
PVC, flame
retardants
Se

Hg

schemes

appliances, consumer
equipment, electrical and
electronic tools, ts

most of these appliances are
disposed of with household waste

Hg, Cd

take-back systems are not yet
available

Figure 1: Waste from Electrical and Electronic Equipment. Quantities, dangerous substances and treatment
methods, January 2003, European Environment Agency (http://eea.eu.int)

WEEE (Waste Electrical and Electronic Equipment) Directive is the European Community law that
provides guidelines regarding handling, reuse and recycle of WEEE. This piece of legislation has been
passed by the European Union and is enforced in all EU countries. Implementing some of the
recommendations of this regulation would help developing countries in combating the problem of ewaste. As can be seen above, because of the presence of hazardous materials in this waste, it is critical
to treat them properly. It is especially important for Mauritius because it is a developing country with
limited land and resources. While exporting of waste to developing countries is prohibited, it has been
observed that used and old appliances are sent to developing nations like India and China using
procedural and technical loopholes in the existing law. This transport is also undertaken because the
environmental norms are different for post-use processing in different countries. This has led to the
emergence of towns like Guiyu in China which is the biggest electronic waste site on earth. While the
scale of the problem is different for Mauritius, given the size of the country, without effectively
engineered solutions, it would be difficult to have a sustainable e-waste management strategy in the
long run. Managing e-waste involves tackling the problem through educational programs, reducing
use, encouraging reuse and educating consumers along with development of infrastructure and
facilities to safely handle waste once it has been collected from the consumers. This involves
partnership of Government, Non-governmental organization, local community authorities and
recycling companies.

Table 1: e -waste generation in selected countries
(source: http:~w.ewaste.ch/facts and_figures/statistical'quantities)
Total
Ewaste
Country Generated Categories of Appliances counted in e-waste

Year

tonnes/
vear

ffice
Switzerland

Germany

66,042

& Telecommunications

Entertainment Electronics, Large
Apphances, Refrigerators, Fractions

Equipment,

Consumer

and Small Domestic 2003

Office & Telecommunications Equipment, Consumer
1,100,000 Entertainment Electronics, Large and Small Domestic 2005
Appliances, Refrigerators, Fractions

Office
UK

915,000

USA

2,158,490

& Telecommunications

Entertainment Electronics, Large
Appliances, Refrigerators, Fractions

Video

Products,

Audio

Equipment,
and

Products,

60,000

Denmark

118,000

67,000

Computers

and

elecomnunications Equipment
aiomputers,
14,036 Home electrical appliances
Machines, Airconditioners, Refrigerators)

Thailand

Consumer

Small Domestic 1998

Refrigerator,

Air

ac es,
Machies, Computers

Conditioners,

2000

(TVs, Washing

Televisions,

Washin

2003

Electronic and Electrical Appliances including Refrigerators

1997

omputer Equipment (computers, printers etc) & Consum

2005

Eectronics (TVs)

Figure 2: e-waste generation in selected countries Source: International activities on E-waste and guidelines for
future work (Eric William, United Nations University, Tokyo, Japan)

The chart above is used to describe the size and the scale of the problem. It can be seen that the
amount of waste generated by the world is staggering and unless there is action on part of the
governments and various stakeholders, it will be a very difficult problem to tackle. It is observed that
currently, most of this waste is either recycled or ends up in the developing world where it is
dismantled and incinerated with disregard to the environment in unhealthy working conditions. This
shipping of e-waste from the developed world to the developing world is in defiance to a number of
accords and the Basel Convention. This however happens because of a loophole in the convention
that allows cross-boundary movement of goods as long as they are characterized as usable PCs. The
implementation of the convention however is lax and this allows a huge amount of waste to be
transported from one country to the other especially to India, China and other African countries.
Discarded electronic products are among the most rapidly expanding types of waste in the developed
countries, and the management of e-waste has become an issue of global concern due to the
6

environmental degradation traced to transnational flows. The transboundary movement of e-waste is
driven by two forces. First, the disassembly of "end-of-life" equipment is labor-intensive with low
value added, and second, compliance with environmental regulations can increase the cost of disposal.
Most investigators tend to view recycling of electronics as an economically useful but environmentally
hazardous activity (Source: Lin, C. K., L. Yan, and A. N. Davis, "Globalization, Extended Producer
Responsibility and the Problem of Discarded Computers in China: An Exploratory Proposal for
Environmental Protection," Georgetown International Environmental Law Review, 14, 3:525-576,
2002.). The close relationship between the recycling of e-waste and electronics production industries is
noted in an EU proposal for the regulation of wastes of electrical and electronic equipment (Source:
EU (European Union), Proposal for Directive on Waste Electrical and Electronic Equipment and
Proposal for Directive on the Restriction of the Use of Certain Hazardous Substances in Electrical and
Electronic Equipment. Brussels, Belgium: Commission of the European Communities, 2000).
However, movements of e-waste from developed to developing countries were largely ignored until
the results of an investigation undertaken by BAN and SVTC were published in 2002 (Source: Puckett,
J.

and

L.

Byster,

Exporting

Harm:

[http://www.crra.com/ewaste/ttrash2/ttrash2/],

The

High-Tech

Trashing

of

Asia,

2002

accessed December 8, 2004). According to that

report, over 90 percent of scrapped computers that the recyclers collect from users in the United
States are exported to the developing regions of Asia, with about 80 percent destined for the coastal
areas of China. (Source: Tong X., Wang J., Transnational Flows of E-Waste and Spatial Patterns of
Recycling in China, Eurasian Geography and Economics, 2004, 45, No. 8, pp. 608-621)
Printed circuit Others, 1.38%
oards, 1.71%
Screens (CRT
and LCD),
11 87%
Cables 1 97%
Metal-plastic
mixture, 4.97%

Plastics, 15.21%o

alwnslp~s~auw

Figure 3: Material Fractions in e-waste (Source: R. Widmer et al. / Environmental Impact Assessment Review
25 (2005) 436-458)
In India and China, there has been limited effort to develop a safer working environment for these
workers and a number of enterprises have sprung up that have the capability to recycle, dismantle and
recover the precious metals out of electronic waste. Typically, these facilities require significant capital
investment and are viable only of there is a large volume to be processed.
To understand the proposed work, there is a need to look the high level stages of e-waste as described
by the WEEE Directive. The following graph shows a high level workflow for e-waste in general.
Usually e-waste is generated in households, offices or industries are subject to this high level
downstream process.

Figure 4: e-waste flow after point of generation
One fundamental problem in e-waste management is that waste collection is around 60% of the cost
of operations. Therefore enterprises involved in e-waste recycling usually don't have the resources to
enable large scale collections. Because of the costs involved, it is very difficult for these companies to
develop a sustainable financial plan. This is where local and state governments play a part by helping in
collection of waste materials. Collections are carried out by local authorities and are placed in
designated facility. Usually after collection, the waste is stored in a facility and then the recycling
companies are given access to it for them to take the parts they are interested in for recycling. This fits
in-between process 2 and process 3 in the figure above. The storage facility needs to safely hold toxic
components and withstand changes in temperature, weather and environmental problems along with
providing easy and safe access for heavy machinery, people and transport. As mentioned above, since
this waste contains harmful chemicals, these collection facilities have be designed up to environmental

standards to ensure that any leaks, or spills of chemicals are contained and reactive measures are taken.
A number of things go in to the design of these storage and sorting facilities. The following tries to
summarize some of the considerations:
*

Type of material stored, nature of waste

*

Laws regarding hazardous material handling

*

Volume of waste

*

Environmental conditions

*

People working in the facility

*

Building regulations and existing infrastructure

Some of these considerations require technical and domain expertise but some of them require a better
understanding of the problem, the source and waste patterns. It is difficult to formulate any solution to
e-waste without addressing these problems.

1.4 High-level work
The following list tries to capture some of the work that is required to be done on a high level:
a) Investigate and study waste storage laws for waste storage buildings: This can be done by reviewing
the literature and making visits on existing facilities or liaising with Government authorized
construction companies.
b) Conduct investigation around current infrastructure and practices in place to identify areas where
changes can be applied.

c) Investigate waste usage and consumption patterns: Select a local community and investigate their
consumption and disposal patterns to act as a input to the building requirements.
d) Investigate building dimensions: Calculate the size of the waste collection center: how big a waste
collection center should be based on the population served and findings on b.
e) Develop actual floor plans to store waste: Develop a way to organize and store waste in a building.
f) Investigate current best practices followed by Governments in Western Europe and US for
developing policy recommendations to address the end-of-life issues. This will help in formulating
recommendations on what the government should be doing after the waste is collected specific to the
context of Mauritius.
The above list is by no means exhaustive but is important to develop because it helped me understand
the various dimensions of this project.

1.5 Stakeholders
This project is just the beginning of a long term partnership with University of Technology in
Mauritius. During the course project, I worked with Dr. Chandradeo Bokhoree of the University of
Technology in Mauritius. He is the primary local contact for this work and acts as a co-advisor for this
project. Dr. Bokhoree is involved with the School of Sustainable Development and Tourism in the
University as a Senior Lecturer. His research group also works with the University and local
government to conduct research and analysis to help the Government of Mauritius in formulating
their policies. Over the past year, I have met with Dr. Bokhoree over the phone a number of times and
in person during my visit there. He has provided constant guidance and input to the work. Dr.
Bokhoree, UTM and his research group are one of the primary stakeholders in this work.
This work is part of a larger project sponsored by the Government of Mauritius, Ministry of Local
Government. The Ministry of Local Government and Ministry of Environment is responsible for the
Solid Waste Management and strategy in the country. The research undertaken by Dr. Bokhoree and

his is partly funded by the Ministry. This project is essentially aimed at the Ministry of Local
Government with the hope that it will help them in the formulation of policy for the country.
At MIT, I worked with Professor Nicholas Ashford in the Technology and Policy Program to help in
developing policy recommendations for the Government of Mauritius. Initial work and subsequent
research around developing policy solutions and recommendation was done undertaken under his
guidance. Since I am not experienced in this field, his guidance is crucial.
While there are other stakeholders in this project: MIT, Ministry of Environment and Microsoft these
are not directly involved at the last stage of this thesis. Most of the work in Mauritius was completed in
Mauritius and the compiling and developing the policy framework was done in Cambridge in MIT.
The survey was designed and carried out in Mauritius and the results were compiled and analyzed
outside. During the course of the year, I was involved in a number of discussions with Dr. Bokhoree,
Dr. Ashford and others in the Mechanical Engineering Department at MIT to further the research.
Figure 6 in the Appendix details this high level schedule.

1.6 Community Impact
It should be remembered that this a small part of a long term project with a potential to have a
profound impact to the people of Mauritius. By investigating the framework to implement WEEE
handling recommendations in Mauritius and building a prototype building will pave the way for
economic and ecological sustainability in the 21st century. This is especially true for Mauritius because
it is an island nation and a developing country with the hope that the findings can be applied to any
Small Island Developing State.
In the future use and production of electrical and electronic equipment will only grow. By investigating
the waste profile, developing guidelines for waste collection centers, we are laying the ground work for
the future of e-waste handling strategy in Mauritius. By investigating the actual collection center layout,
the construction standards and even creating a prototype collection center, we will understand the
implementation details and what it takes to design and build a collection center. This includes
economic and financial analysis which is very helpful in budgeting and forecasting. This experience will
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help Dr. Bokhoree in the long run especially when other students or the government wants to
implement these or similar structures on a larger scale. Since no such document or prototype exists, it
will be a good start to the project and by targeting the local community near the university. By
reducing the scope but also increasing our chances of success. While the community may not be
representative of the country but we are proposing development of a strategy that can be reused for
any community in the country. If we can build a document and a prototype detailing floor plans and
building characteristics, this can greatly reduce the work to be done in the future. In essence we are
proposing to lay the foundation for Government run sustainable electronic waste management
strategy in Mauritius.

1.7 Timeline of research
This research was conducted over a period of one year with one month spent on the island of
Mauritius and a number of months spent investigating the end-to-end framework. Figure in the
Appendix gives a high level snapshot of the work undertaken in Mauritius. This work has been
ongoing for almost a year both here in Cambridge, in Ireland and in Mauritius. It first started with a
fellowship grant from the MIT Public Service Center. This grant was awarded in November 2007. I
initiated my first contact with Dr. Bokhoree at that time and started having conversations around the
problem and its context. During the months of November and December 2007, I familiarized myself
with various aspects of the problem, reading documentation around the WEEE initiative, EPA
guidelines for solid waste management and transfer station management. I then visited Mauritius in
January 2008 for one month to start the project. During my time in Mauritius, I worked with the
researchers at the University of Technology Mauritius and the Ministry of Local Government Officials
by visiting the university everyday and at times touring with the Ministry officials around sites and
transfer stations around the island.
In this process, I also designed the survey with the help of fellow research assistants and undertook a
couple of trial runs around conducting the survey until we found the best method to do it. During my
time there, I also worked with a few recyclers in the island by conducting onsite visits and conducting
interviews with them to understand their point of view in the system. I also worked with different

divisions within the Ministry of Local Government conducting visits to transfer stations, examining
drawings and discussing recommendations with them.
After coming back from Mauritius, I started compiling the survey and undertaking analysis and started
developing policy solutions. I started this work by conducting literature review and understanding
policy frameworks in different countries. During the Fall of 2008, I started compiling all this
information to generate this document with input from Prof. Ashford. Figure 6 in the Appendix
details this high level schedule.

Chapter 2: Conceptual Framework

2.1 Introduction
In order to start thinking holistically about electronic waste and how to deal with in the context of
Mauritius, it is important to construct a model to understand what is happening in the life cycle of
these products. Once a model is constructed, we can analyze the initiatives undertaken in Mauritius
and then compare and contrast them with initiatives taken all over the world to recommend policy
solutions for the problem. In addition, this model could be used to develop new activities and
initiatives that better address specific upstream or downstream problems with electronic waste.
In this section, I describe the literature review conducted to construct a life cycle model of electronic
products considering an exhaustive list of material pathways that a product can take. Then we take this
generic model and construct a visualization of existing e-waste handling systems, regulations and actual
practices in Switzerland, California and India. This is useful to test the model and understand where
the initiatives are impacting and observe the effects of initiatives in the life cycle of the products. I
think that by building a lifecycle model and modeling the material and financial flows in it, we will gain
significant insight into the policy and its effectiveness based on the cultural and economic context.

2.2 Background Review
When beginning to think of tackling e-waste, it can be difficult to decide where and how to start.
Therefore a comprehensive lifecycle diagram for a generic electronic product needs to be developed.
Huisman, Stevels and Stoebe (Huisman et al.: Eco-Efficiency considerations on end-of-life of
consumer electronic products) present a very high level diagram of end-to-end life cycle of an
electronic product.

Figure 6: Product Lifecycle and end of life phase (Source: HUISMAN et a.: IEEE Transactions on Electronics
Packaging Manufacturing, Vol. 27, No. 1, January 2004)
This diagram shows the material flow for generic electronic item. While the figure itself is quite selfexplanatory, it can be seen that there are a number of pathways that are depicted which are incomplete.
It can be seen that there is a refurbishment path where the item is collected and made as new and then
put into the user stream again. Also we can see the
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hand reuse stream that is depicted. This

simplistic model while a good start is not completely helpful.
One of the main loops missing in the diagram above is the remanufacturing loop. Kerr and Ryan (W.
Kerr, C. Ryan / Journal of Cleaner Production 9 (2001) 75-81) define Remanufacturing' is the
restoration of used products or product components to an 'as new' condition, through refurbishment
and/or partial rebuilding. A generic model of such a remanufacturing system is shown below
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Figure 7: A generic remanufacturing process. (Source: W. Kerr, C. Ryan / Journal of Cleaner Production 9
(2001) 75-81)
Remanufacturing is making a product "like new". The main benefit of remanufacturing is that it
enables companies to think about the lifecycle of their products. By utilizing recovered end-of-life
parts, companies can achieve savings in the cost of manufacturing new parts, sourcing raw materials.

Environmental benefits such as lesser waste into the waste stream, savings associated with the cost of
disposal and lesser costs of recycling can be achieved. Indeed remanufacturing is a way to extend
product life and provide an opportunity for product upgrades (Source: W. Kerr, C. Ryan / Journal of
Cleaner Production 9 (2001) 75-81).

Figure 8: The steps in a generic remanufacturing process. (Source: E. Sundin, B. Bras / Journal of Cleaner
Production 13 (2005) 913-925)
As is depicted above (Source: E. Sundin, B. Bras / Journal of Cleaner Production 13 (2005) 913-925),
the disassembly, cleaning, reconditioning and reassembly form the basis of the remanufacturing loop.
It is observed that remanufactured products can be put into the market there by extending their life
and saving cost of manufacturing new ones. Remanufacturing capability requires significant
investments in the Product development and in the reverse supply chain of any company.
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Figure 9: Material and information flow in reconditioning system. (Source: O. Mont et al. / Journal of Cleaner
Production 14 (2006) 1509-1518)
Remanufacturing has a number of benefits and is usually more beneficial in large automobile or
appliance industries. It has been particularly successful as a model to reduce product development,
support operations around Xerox copy machines (Source: W. Kerr, C. Ryan / Journal of Cleaner
Production 9 (2001) 75-81) and even baby prams (Source: O. Mont et al. / Journal of Cleaner
Production 14 (2006) 1509-1518). It has been shown in these examples that by following an intelligent
product strategy around modularization new business models of leasing can be incorporated. For
example, remanufacturing can change the one-time transaction model prevalent in the pram industry
to one where prams are leased and returned to the retailer after a certain time. This strategy has proved
profitable to both the customers and the retailers and has achieved reductions in material usage and
waste. There is literature detailing the remanufacturing of other house hold electronic appliances such
as refrigerators (Source: E. Sundin, B. Bras / Journal of Cleaner Production 13 (2005) 913-925) have
helped in building the supply chain capability of companies and helped in achieving reduction of costs.
Remanufacturing can be both on the supply side in formal programs mandated by a company. For e.g.
John Deere Reman-Edmonton in Alberta, Canada, provides remanufactured hydraulic and powertrain components for John Deere equipment in North America. ReGen Technologies L.L.C., a joint
venture between John Deere and SRC Holdings Co., remanufactures engines, fuel systems and engine

components for John Deere at its plant in Springfield, Missouri (Source: John Deere web site,
http: / /vwv.deere.com/en US/compinfo/envtsafety/productleadership/remanufacturing.html).

In

this case, it is observed that by developing take-back programs and remanufacturing contractors John
Deere extends the life of their products and builds a supply chain network. This is also shown in
Figure 9 as a remanufacturing loop between the consumer and the producer. Remanufacturing can
also be in informal and on the downstream side after collection especially in developing countries. It
was found that out of the total 40%-45% accepted material (CRTs) for processing, 10% is found to be
intact and is sent for resale, whereas the remaining 90% is re-gunned. (Source: A Jain, R Sareen / J
Mater Cycles Waste Management (2006) 8:40-45)
Therefore the remanufacturing pathway is essential in ensuring that the amount of materials disposed
in the environment is minimized. Any holistic approach to solving the electronic waste problem will
have to address the remanufacturing in it as a policy objective.
The other important feature of the end-to-end cycle that is missing from the diagram above is the
downstream recycling aspect. Recycling although shown in the lifecycle above is depicted as a very
simplistic process. There is plenty of literature available to investigate and construct a detailed recycling
and end-of-life pathways to help in the completeness of the model.

Mixed Material

Sources

Landfill

Figure 10: The flow of an electronics recycling system. Source: Sodhi and Reimer (Sodhi Manbir and Reimer
Brian, OR Spektrum (2001) 23: 97-115)
Sodhi and Reimer (Source: Sodhi Manbir and Reimer Brian, OR Spektrum (2001) 23: 97-115) show a
material flow of an electronics recycling system where collected materials are sorted and some of them
disposed to the landfill. The recyclers then take the rest of the materials and separate individual metals
from the product and then are sent to the smelters who then recover the metals and are introduced to
the metal markets. This path way has to be added to the holistic framework that us being currently
developed.
Kang and Schoenung (Source: H.-Y. Kang, J.M. Schoenung / Resources, Conservation and Recycling
45 (2005) 368-400) show another diagram which incorporates the remanufacturing loop into the
recycling loop. In this particular chart we see that recyclers work with traders and other specialized
establishments to conduct the resale and reuse activities. The parts resale and reuse in some countries
constitute a secondary market that is sometimes unorganized but is important in ensuring that
minimum amount of product goes to the land fill. Second hand market of electronic products is a big
business in countries like India and China where used products find way their way in to the lower or

economically not as wealthy section of the society. This is an important consideration for any holistic
framework therefore I believe that our model should incorporate this to ensure that we are
constructing a complete framework incorporating most of the pathways.

Figure 11: Simplified flow diagram for the recycling of an electronic product. (H.-Y. Kang, J.M. Schoenung /
Resources, Conservation and Recycling 45 (2005) 368-400)
Lastly, Cui and Forssberg (Source: J. Cui, E. Forssberg / Journal of Hazardous Materials B99 (2003)
243-263) below present a sample recycling process depicting the final stages of a disassembly and
recycling process.
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Figure 12: Recycling process developed by Ragn-Sells Elektronikitervinning AB. (Source: J. Cui, E. Forssberg
/ Journal of Hazardous Materials B99 (2003) 243-263)

It is observed that any electronic equipment consists of a number of parts both recyclable and nonrecyclable. It is apparent that any solution to the solving the electronic waste problem will have to
address all the possible scenarios: re-use, further treatment, refining, destruction etc. I think this is
what makes the problem of e-waste unique in the sense that it is all encompassing and solution to
electronic waste in the municipal waste stream will lead to a greater capability development and enable
the development of multiple industries.

2.3 End-to-end Framework
By synthesizing all of this information, we can develop an end-to-end framework for the lifecycle of an

electronic product we generate a graph that is shown in Figure 1 of the Appendix. As is demonstrated
above, this is generated by synthesizing the existing literature along with the existing conditions and
intuition and my field experience. We are trying to depict the material flow as an end-to-end lifecycle.
In the following sections, I deconstruct this framework and explain in detail the individual pieces of
our model. The model depicts flow of materials from the time they are introduced into the product to
the point where they are re-used or re-manufactured for use in other secondary products.
This high level framework will help understand the policy and infrastructure implications on the
overall lifecycle. It is important to analyze these in terms of a systemic holistic framework to
understand the effects (or lack of) local solution has with respect to the entire problem. To explain this
model, we split the diagram in four major areas:1) Pre-Consumer
2) Post-Consumer
3) Feedback loops
The context of this analysis, we are considering the life cycle of an electronic product by considering
all that can happen during the lifetime of a product.
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This is the first stage of the life cycle of an electronic product. We develop a model to show all the
steps that are present as a part of the development of an electronic product. We start off with mining
of the raw materials and ore which is then refined so that it can be suitable to be manufactured and
processed as a raw material for assembly operations such as molding, stamping etc. Once processed,
these cores are then sent to Production for inclusion in products. These manufactured products are
then sent to Retailers by the distribution supply chain to be sold to end consumers. The retailers then
sell these products to the consumer who uses them. These pathways are the traditional straight
forward use case with no feedback loops or take back mechanisms. However, sometimes there is a
provision where customers can return the goods to the retailers if they are broken or need to be
serviced within a specific service period. In this case the product is returned to the retailer who in turn

depending on the situation returns it to the producer or has his own service / repair operations. Once
the product is serviced, it is returned to the customer or if it beyond repairs, it may enter a disassembly
and remanufacturing loop. In some cases some companies do not have the capability or the
infrastructure for disassembly or remanufacturing they are just directly sent to either the landfill as
waste or to the consumer as second hand or used goods or in some cases straight to the recycling
station. In some other cases, there the waste is sent to the refining stage where it is melted and sent to
the next stage for inclusion in products again.
As was demonstrated above, remanufacturing is an important aspect of this life cycle. Material and
products returned by the customer either through the retailer or directly to the producer can be
remanufactured. New cores are supplied from the production center to the remanufacturer. The main
steps of remanufacturing Cleaning, inspection, repair / replacement and then reassembly are shown in
the loop. After these steps are completed the product is directly shipped either to the customer or to
the retailer for use in its lifecycle. Consistent with literature available, this type of remanufacturing cycle
enables a more modular product design and reduces the quantity of materials disposed off in the
environment and also encourages companies to think about their product holistically. In some
countries as will be demonstrated later, there is an obligation for retailers to take back products sold
through them these take-back programs are implemented by the manufacturer or the retailer to ensure
that the manufacturers and sellers are responsible for the end of life activities for their products.

2.3.2 Post-Consumer

In the chart above, we discuss the various path ways an electronic product can take once it has been
sold to the consumer. The consumer can either give it back to the retailer or the manufacturer either
by dropping it off to their establishments or a specified drop off locations. In some other cases, it is
observed that, although prohibited consumers sometimes directly dispose off their waste in to the land
fill. In some other cases, municipalities and local governments have private companies or collection
companies go door to door to collect the waste. In other cases, local governments mandate that
citizens drop off their electronic waste at specific waste collection centers. The collection of waste is a
significant cost overhead in most countries therefore citizens are encouraged to drop off their waste to
a certain location so that recyclers and other traders then have one point of collection.
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It is observed in some cases especially in developing and under developed countries that there is a
presence of unorganized labor in the form of scavengers who sort through the waste at the landfills
and recover materials of potential value and then hand it over to the collectors or the recyclers. This
sort of activity is predominantly seen in developing countries.

After collections, sometimes the

material is sent to traders or entities who deal with second hand goods. In the developed world, some
of these are exported to the developing world and sometimes it is reused and resold for secondary
purposes. In the developing world, there are traders sometimes who take the material and conduct
their own primitive

remanufacturing

or refurbishing

loop. This

downstream repair

and

remanufacturing is usually not authorized by the company and in many cases, it is without the official
sanction of the producer. In developing countries, waste is remanufactured and then sold to customers
at a discount compared to the original cost. These "remanufacturers" have a lot of domain knowledge
but lack formal education and training and sometime carry out these activities with little or no
protection or best practices.
After the sorting activity has taken place, the product is sent to the recyclers. In some cases the
recyclers come to the traders or even to the customers to pick these pieces of equipment up. In our
study, we only consider recyclers who are capable of handling electronic waste and have facilities and
infrastructure that can manage the handling of this kind of waste. The recyclers take the electronic
goods and separate the materials that can be sold to various industries and materials that should either
be disposed or destroyed.
Recyclers need to use several techniques and pathways to dispose off their products. Disassembly,
shredding, eddy current separation, magnetic separations etc. are just some of the procedures.
Recyclers usually take material in form of mixed metals or mixed waste or assembled waste and this is
processed to recover the materials of value. Recycling is a very energy intensive operation and usually
makes sense when there is enough volume in the system. Therefore it is observed that there are very
few large recycling companies. Countries such as India have recently started to see the emergence of a
large scale

(Source: http://www.toxicslink.org/pub-view.phppubnum=209).

Sometimes

some

recyclers don't have specialized capability such as shredding and smelting and they then send the waste
to other companies and establishments to dispose the waste safely. We will now look at the feedback
loops that complete this model.

2.3.3 Feedback Loops

There are a number of feedback loops in the above model that act as a balancing structure preventing
overcapacity and ensuring that the system works. We start off with the loops in the extreme right. It is
observed that after the recyclers have extracted the metals from the waste, the metals are made
available in the public metal markets. These metals are then used or reused in a number of industries
including in electronics product manufacturing. Some of the materials that are harmful for humans
and the environment are sent to specialized treatment facilities to be destroyed. Eventually some
others are sent to the land fill to be dumped there.

Retailers sometimes have their own service and repair organizations and spare parts and materials from
these activities are sent back to processing of raw materials to be used in new and existing plants. The
remanufacturing loop also sometimes sends back cores and raw materials for inclusion in new
products or at times to a land fill.
The final model when these loops are combined is shown in the Appendix. When all of these loops
are combined, we can observe that we have a relatively complete material flow diagram of a life cycle
of an electronic product. While exhaustive literature review as described above was conducted to
develop this model, to test this model, I studied various electronic waste handling initiatives over the
world and modeled it in this framework. In this case, we will study the policies and actual practices in
place to manage and handle electronic waste in three countries: Switzerland, California, US and in
India. This analysis will help us in two ways: verify the completeness of the model and understand how
these policies and actual practices look and understand their impact on the end-to-end lifecycle. In
addition, it will help in putting the current practices and policies in Mauritius in perspective and help in
recommendations regarding the course of future policy.

2.4 CRT
To simulate policies of different countries in our model, we first have to consider a standard use case.
Cathode-ray-Tubes (CRTs) or devices containing Cathode Ray tubes such as older televisions, PC
monitors etc. are an interesting case to follow because of the fact that they are complex equipment and
partly legacy. Due to presence of several harmful chemicals in the CRT, a number of countries and
communities have banned the disposal of CRTs in landfills. CRTs are also one of the largest
components of components of the electronics waste stream. Lead emissions from incineration of used
CRTs are at least two orders of magnitude larger per ton of CRTs disposed than are potential
emissions into landfill leachate (Source: McKenna, D., Powers, K., Reagan, S., 1996. Life Cycle
Assessment of the Disposal of Household Electronics, Tufts University, Boston, MA).

Figure 13 : CRT lifecycles flows (Source: A. Elshkaki et al. / Energy 30 (2005) 1353-1363)
The CRT life cycle: inflows and outflows of lead: EM, emissions; I, inflow of goods into the stock; 0,
outflow or discarded goods; R, recycled stream; L, land-filled stream; IN, incinerated stream; S, stock
of CRT; Imp, import; Exp, export.
The figure above shows the CRT lifecycle and in particular the usage of Lead in the CRT appliances.
Concerns about environmental and health effects from lead entering the environment have been a
major reason for the increased efforts to reduce the number of CRTs in the waste stream. In the
United States, use of lead in CRTs and other electronic products is the second largest application of
lead (22%); transportation uses including batteries for motor vehicles consume a much larger portion
(65%) of total lead. Largely as a result of successful efforts to reduce disposal of lead acid batteries,
electronic products comprise the largest proportion by weight of sources of lead entering the solid
waste stream; nonetheless, the extent of CRT related lead contamination at local waste facilities is a
topic of much debate. (Source: M. Macauley et al. / Journal of Environmental Management 68 (2003)
13-22) Because of these concerns and the fact that a significant percentage of electronic waste is CRTs
it is important to consider end of life issues with CRTs and their implications. The figure below gives
high level tasks of what is required to process CRTs once they are collected. This however does not
include "re-gunning" which is a process of re charging the tube to a usable condition. This is done so
that the monitor can be reused for different purposes.
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Figure 14: Process flow diagram for recycling of CRTs. (Source: H.-Y. Kang, J.M. Schoenung / Resources,
Conservation and Recycling 45 (2005) 368-400)
Recycling of CRTs is a relatively complex process because of the different types of materials and
components it contains therefore CRT appliances that are a good representation of the challenges that
electronic waste recycling poses.

Figure 15: Recycling options for managing plastics from end-of-life electronics. (Source: H.-Y. Kang, J.M.
Schoenung / Resources, Conservation and Recycling 45 (2005) 368-400)
As is shown above, material recovery in CRTs are mixtures of Chemical, Mechanical and Thermal
recycling. This ensures that a certain level of capability is required to safely and successfully extract raw
materials from a CRT appliance. That is one of the reasons why I thought that CRTs are a good case
to study the capability and completeness of our model. The table below shows the quantities of
material contained in a CRT and its approximate value.
CRT Contents ( 17" Monitor)

Glass
Steel
Copper

6817
2830
700

Ferrite

480

Aluminum

240

Plastics

3530

Epoxy Resin

140

Tin
Lead
Silver
Gold

20
593
1.24
0.31

64 / ton
1.71 / lb
.86/lb

16/kg
.63 / lb
10 / oz
750 / oz

Figure 16: Quantities of materials in CRT and approximate value in markets (Source: Kitco.com and other
websites, accessed October 2008)
Each computer monitor or television costs $15-40 dollars to recycle properly (Source: Exporting
Harm, 2002, Basel Action Network / Silicon Valley Toxics Coalition). Now that we have considered
the background of CRT we can analyze how regulations and law have affected actual handling and
activities in various geographical locations. We consider Switzerland, India and California in the US as
representative case studies to compare and contrast. We also construct these cases in our model to
depict financial and material flows visually.

2.4.1 Case Study: Switzerland
Switzerland is a high income country with one of the highest PC and television penetration rates in the

world with 86.5% of the population having access to a PC and

99% of the

population having access to

a television set (2006 Information & Communications for Development (IC4D) - Global Trends and
Policies, The World Bank, http:/ /go.worldbank.org/AAQ6C51970).

In addition to this there is a

strong demand for new products given the high per capita income. Switzerland is ranked #1 in the
Environmental Performance Index with a score of 95.5 (2008 Environmental performance Index).
The Swiss law on waste management stresses the polluter pays principle and has encouraged the
reduction, reuse and recycling of waste. There are several systems in place for segregating and
collection of different kinds of waste such as glass, paper, plastic bottles and aluminum, among others,
to facilitate better recycling (D. Sinha-Khetriwal et al. / Environmental Impact Assessment Review 25
(2005) 492-504). Legislation on e-waste management was introduced into Switzerland only in 1998,
when the Ordinance on The Return, the Taking Back and the Disposal of Electrical and Electronic
Appliances (ORDEA) (SAEFL, 1998) came into force.
System Overview
The collection and recycling of e-waste in Switzerland is an intentionally developed and organized
system. As mentioned before, the Swiss system is based on Extended Producer Responsibility-both
legally and operationally. This places both the physical as well as the financial responsibility of an
environmentally sound disposal of end-of-life electronics with the manufacturers and importers of
these products. The entire operative responsibility is however with the two Producer Responsibility
Organizations - The Swiss Association for Information, Communication and Organizational
Technology (SWICO) and Stiftung Entsorgung Schweiz (S.EN.S) -who manage and operate the
system on behalf of their member producers. (D. Sinha-Khetriwal et al. / Environmental Impact
Assessment Review 25 (2005) 492-504) One of the pillars of the system is secured financing of the
collection and recycling by way of the Advance Recycling Fee (ARF) charged on all new appliances.
The ARF is used to pay for the collection, the transport and the recycling of the disposed appliances.
The ARF can range from a minimum CHF (Swiss franc) 1 on small items such as hair dryers and
electric shavers, to up to CHF 20 for TVs or CHF 40 for refrigerators. The Swiss ARF is an
intergenerational contract between appliances purchased in the past and those that will be purchased in
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the future, akin to a pension system. The risk of setting such an intergenerational fee is that it requires
accurate estimations of how much waste will be generated and how many new products will be sold.
While the ARF model has so far been successful, there is a danger that the fees collected on new
appliances may not be sufficient to recycle the discarded appliances. The other drawback of an ARF
could be that there is a cross subsidization of products among different categories-a situation where,
for example, PC buyers pay for the recycling of tape recorders. (Source: D. Sinha-Khetriwal et al. /
Environmental Impact Assessment Review 25 (2005) 492-504)
The graph in the Appendix on material and financial flows in Switzerland describes this model in the
context of our framework. The black line shows the financial flow and the red shows material flow.
We observe that since Switzerland is a signatory to the Basel convention, recyclers are prohibited from
sending their waste to countries where it will not be disposed in an environmentally safe manner. The
Government agencies supporting collection and recycling are also showed in the diagram. This has
ensured that there is a significant material recovery and development of a recycling industry partly
funded by the government through ARF and partly by the volume and type of electronic waste. We
can see through this model a strongly sustainable system funded by the consumers where the
responsibility of the products lies in the hands of the producer or manufacturer. This model confirms
the high sustainability score that Switzerland consistently receives. The final model is shown in Figure
2 of the Appendix.

2.4.2 Case Study: India
India on the other hand is a developing country and a rapidly emerging economy with just 1.6%
penetration of PCs and 32% in televisions in the household (Source: 2006 Information &
Communications for Development (C4D)

- Global Trends and Policies, The World Bank,

http://go.worldbank.org/AAQ6C51970). However India has a huge population of 1.2 billion and a
rapidly growing economy. Even though the size of the market as a percentage of population is small,
in absolute terms given the large population it is huge. In addition the sale of electronic goods in India
has been skyrocketing and is expected grow 10 - 12% every year (Source: Booming Consumer
Electronics Market in India, http://www.rncos.com /Report/IM157.htm). India also ranks a very low

120 out of 149 in the Environmental Performance Index in 2008. While the government has passed
several environmental protection laws, their enforcement remains questionable. While environmental
concerns take a back seat amid more pressing problems, Indians culturally are loathe to waste, and this
ensures that electrical and electronic products often find second and even third hand users farther
down the income chain. It is seen that about 75% of the plastic waste is recycled in India (Source: A.
Haque et al. / Waste Management 20 (2000) 625±631) but the quality of plastic as it continues to be
recycled is degraded and the recycling is carried out with little or no concern for the environment..
Over the years, the government has instituted a number of regulations for better management of
hazardous waste in the country. These regulations are summarized below are from various sources
compile by the United Nations Public Administration Network (Source: A. Dalal, United Nations
Public

Administration

Network,

http: //unpanl .un.org/intradocgroups/public/documents/APCITY/UNPAN029841 .pd):
(a) Hazardous Wastes (Management and Handling) Rules, 1989/2000/2003: These define hazardous
waste as "any waste which by reason of any of its physical, chemical, reactive, toxic, flammable,
explosive or corrosive characteristics causes danger or is likely to cause danger to health or
environment, whether alone or when on contact with other wastes or substances."
In Schedule 1, waste generated from the electronic industry is considered as hazardous waste. Schedule
3 lists waste of various kinds including electrical and electronic assemblies or scrap containing
compounds such as accumulators and other batteries, mercury switches, glass from cathode ray tubes
and other activated glass and PCB capacitors, or contaminated with constituents such as cadmium,
mercury, lead, polychlorinated biphenyl or from which these have been removed, to an extent that
they do not possess any of the constituents mentioned in Schedule 2.
(b) Director General of Foreign Trade (DGFT Exim policy 2002-07): Second hand personal
computers (PCs)/laptops are not permitted for import under EPCG scheme under the provisions of
para 5.1 of the Exim Policy, even for service providers. Second-hand photocopier machines, air
conditioners, diesel generating sets, etc, can also not be imported under EPCG Scheme under the
provisions of Para 5.1 of EXIM Policy even if these are less than ten years old.

(c) Ministry of Environment and Forests (MoEF) Guidelines for Management and Handling of
Hazardous Wastes, 1991
(d) Guidelines for Safe Road Transport of Hazardous Chemicals, 1995
(e) The Public Liability Act, 1991
(f) Batteries (Management and Handling) Rules, 2001
(g) The National Environmental Tribunal Act, 1995
(h) Bio-Medical Wastes (Management and Handling) Rules, 1998
(i) Municipal Solid Wastes (Management and Handling) Rules, 2000 and 2002
Additionally, the Supreme Court in India set up India's Supreme Court Monitoring Committee on
Hazardous Wastes ("Committee") in November 2003. The goal of the Committee is to pursue "certain
serious and chronic situations relating to the management of hazardous wastes." The Committee
recently returned hazardous wastes that were wrongly imported into India in accordance with Basel
Convention. Zinc from Bangladesh and a container full of garbage from Ireland were part of the
returned waste (Source: Sustainable Dev. L. & Policy 58, *61).
Unfortunately none of these regulations aim at directly dealing with the problem of electronic waste.
Handling electronic waste in India has developed organically despite the lack of regulation as shown
above. In India the financial flows act very differently as compared to Switzerland, while in
Switzerland the customer pays a recovery fee, in India a trader or collector actually pays the customer
for his used goods and these products are then aggregated. The main incentive for the players is
financial profit, not environmental or social awareness. E-waste recycling has become a profitable
business, flourishing as an unorganized sector, mainly as backyard workshops (Source: E-waste pilot
study Delhi: knowledge partnerships with developing and transition countries. St. Gallen7 Empa;
2004. http://www.ewaste.ch/). The biggest drawback of the current Indian system is the uncontrolled
emission of hazardous toxics that are going into the air, water and soil. The health hazards from
fumes, ashes and harmful chemicals affect not only the workers who come into contact with the e35

waste, but also the environment (Source: D. Sinha-Khetriwal et al. / Environmental Impact
Assessment Review 25 (2005) 492-504).
When we model the material and financial flows of the electronic waste in India in our model, we
come across the difference the way these work in India to the way they work in Switzerland. Because
of the presence of very stratified markets and the end users having very different financial capabilities,
we see a lot of reuse of electronic goods. One of the features of this model is the scavenging and
unorganized labor around landfills and other collection / dumping areas. These people scavenge for
plastics and other recoverable materials and then bring it back to the collectors. In India in particular, it
is observed that some of the "remanufacturing" activities are performed in the downstream in an
unorganized fashion. These "re-gunned" CRTs are sent back to the retailers for resale to the
consumers who cannot afford new CRTs. There is also a presence of large amount of waste that is
discarded in the landfill or in the environment in general. This is because some of the recovery
activities are carried out with little or no safety or environmental concerns. The final model is shown in
Figure 3 of the Appendix.

2.4.3 Case Study: California
The United States, unlike the European Union does not have country wide legislation around
electronic waste. In 1976, Congress enacted the Resource Conservation and Recovery Act (RCRA) to
regulate hazardous wastes from creation until final disposal (from the cradle to the grave). There is no
clear application of RCRA standards to the disposal of interstate e-waste. Not only does RCRA
exempt household wastes from the definition of hazardous wastes, but also "there is no clear federal
regulatory ban on CRTs [cathode ray tubes] from municipal solid waste landfills." While the EPA
considers used CRTs to be hazardous waste, varying states treat CRTs differently. Some states treat
CRTs as hazardous wastes, while others exempt CRTs from their definitions of hazardous wastes to
allow "obsolete CRTs [to] be reused, de-manufactured, or recycled." (Source: Colorado Journal of
International Environmental Law and Policy 399, *410)

Given this lack of federal level sweeping regulation, several states have taken an initiative and
formulated special regulations around disposal and handling of electronic waste. Of note in particular
is California where some years ago it passed a law that banned all CRTs from municipal landfills and
required them to be treated as hazardous waste. At that time however, given the lack of recyclers at the
time of passage of the law, citizens began to dump electronic waste illegally.
In response to this illegal dumping, California passed the Electronic Waste Recycling Act of 2003
(E''RA) and it established a funding system for the collection and recycling of certain electronic
wastes. It is modeled under the European Union's Reduction of Hazardous Substances (RoHS) and
the WEEE legislation, the California law mandates the reduction of use of hazardous substances in
electronic products and also as stated above collects fee from customers at the point of purchase to
subsidize collection and recycling activities. The law can be summarized as below:
Beginning on either January 1, 2007, or on or after the date the [RoHS] Directive [], as adopted by the
European Parliament and the Council of the European Union on January 27, 2003, takes effect,
whichever date is later, the EWRA will prohibit manufacturers from producing an electronic device
that is different than, or not otherwise prohibited by, the European Union;
On or after July 1, 2004, a manufacturer who is in any way in violation of the EWRA will be
prohibited from selling any electronic devices to consumers, and will also be prohibited from selling
any improperly labeled device after January 1, 2005.
Starting July 1, 2004, manufacturers selling electronic devices will be required to collect an up-front
electronic waste recycling fee, ranging from $ 6 to $ 10, and must then deposit the moneys [collected]
into an "Electronic Waste Recovery and Recycling Account" managed by the government.
The EWRA provides the government with the authority to distribute the collected fees to electronic
waste recyclers and collectors.
By July 1, 2005, and every year thereafter, manufacturers must report the number of electronic devices
they sold in the preceding calendar year to the board.

Manufacturers must inform consumers about where and how to return, recycle, and dispose of their
electronic products.
The Act requires the board to meet annually to review statewide electronic waste goals.
The Act imposes civil liability against manufacturers who fail to comply with the EWRA, up to $ 5,000
for each device in which the manufacturer fails to collect the mandatory fee, or a flat $ 25,000 fee for
failure to comply with the Act in general. (Source: Colorado Journal of International Environmental
Law and Policy 399, *416)
EWRA opponents disagree with the California legislature. The upfront fee paid by the consumer takes
away the manufacturer's responsibility for electronic waste disposal and shifts it to the government.
This shift creates more government administrative burdens and reduces the incentive for
manufacturers to implement design changes. The electronic recycling business in the area is booming.
The biggest recycler in the state realized over $ 20 million in revenue in 2006. In addition to the state
payment the recycler receives, he also gains revenue from the materials sold from the devices.
California paid out $ 74.6 million in 2005 and 2006 to electronic waste recyclers. This has attracted
additional electronic waste disposal businesses, suggesting that those already in the industry may be
earning supernormal profits (that is, a return on capital greater than what is available in other
industries). Since the implementation of EWRA, the number of recyclers and collectors has nearly
tripled, increasing competition. (Source: Hofstra Law Review 149, *171)
Once modeled in our framework, we can see that the California system is very similar to the Swiss one.
The benefit of passing the RoHS type of law in California forces these conditions on the rest of the
United States since it is very unlikely that companies will have one product for California and other for
the rest of the US. So in effect the law in California forces the rest of the US to be at the same level as
California. However, it is also seen that this legislation has encouraged the development of a recycling
industry as evidenced by the increase in the number of recyclers and enterprises around this activity
has significantly increased. This constructed model, which is very similar to one constructed for
Switzerland is shown in Figure 4 of the Appendix.

2.5 Analysis
Having discussed and modeled the legislations movement of goods, money and existing activities in
India, California and Switzerland, let us analyze these systems for policy objectives and the
implications it has on behavior and policy of the citizens and the country itself. The following chart
gives a qualitative observation on the performance of policy objectives.
Analysis

Policy Objectives

Reduction

of

Hazardous Reduction of Hazardous Materials in the waste stream as policy

Materials

goal is important criteria for successful tackling of electronic
waste. The best way to treat hazardous materials from entering
the waste stream is by mandating that they don't get in to the
products in the first place. Countries can ban sale or usage of
products from companies that fail to comply with these
regulations.
Switzerland: - Since Switzerland implements the RoHS directive, it
is observed that the impact of this policy is high.
India: - India does not have an equivalent of the RoHS directive
but had a myriad of different laws that govern this. It is observed
that the impact of these laws in reality is low.
California: - Same as Switzerland, California's legislation mandates
compliance with the RoHS directive; we see that the impact is

high.
Employment Generation

Employment generated through recycling and dismantling activity
can be one of the objectives of a waste regulation policy.
Switzerland: - Since most of the recycling is done formally by
machinery, it is observed that not a lot of employment is

generated through the laws in Switzerland.
India: - In India since there are a number of people employed in
the recycling business mostly through unorganized means and
since recycling / recovery activity carried out in India is a labor
intensive one, we conclude that a high amount of Employment is
generated.
California: - California is somewhere in the middle. The recycling
activity is mechanized just as Switzerland but given the fact that
the recyclers are allowed to export things not required and keep
the valuable metals extracted for resale, we see growth in this
industry since it is a profitable one. Also since neighboring states
don't have California like law, we also observe that waste from
neighboring states also finds its way in California encouraging this
type of industry.
Extended
Responsibility

Producer The "producer pays" principle is generally regarded an acceptable
guiding policy. This principle states that the producer is the main
creator of the problem and the onus of end of life issues of the
product are with the producers.
Switzerland: - With implementation of RoHS and given the fact
that apart from recycling the producers have to pay partly pay for
the transportation costs we observe that the policy in Switzerland
has high impact on this principle.
India: - In India we observe that the collectors pay the consumers
a small amount of money for their products thus absolving the
producers off any responsibility for the disposal of their products.
Therefore the impact is low.

California: - California mandates only certain kind of electronic
goods under the ARF program, particularly CRTs. Thus some of
the producers are exempt from this law and given the fact that a
lot of waste is exported from California to other countries, there
is limited incentives for producers to be responsible for their
products once they are sold.
Development

of

Recycling

Development of recycling industry could be a potential outcome
of Policy. Laws. Regulations

Industry

and current practices could

encourage the growth of a recycling industry.
Switzerland: - In Switzerland, we observe that there is a fairly well
developed recycling industry due the fact that some of the
collection and transport is subsidized by the government and the
recovery fee paid up front by the consumers. So a regulation like
this encourages volumes and a development of the industry.
India: - In India there is a significant recycling and refurbishing
industry mostly out of economic necessity. It is much more
capable a successful in achieving high recovery and reuse rates out
of the current markets as compared to the Western Countries.
This however is quite unorganized and sometimes is done with
little environmental protections and safeguards. We consider its
impact as medium.
California: - In California, just as in Switzerland, there is a
recycling industry that is encouraged by the law and it subsidizes
recycling. This has led to the growth in the number of companies
engaged in these activities. We therefore consider its impact as
medium as well.
Reduction

in

Energy

Energy

consumed by the

recycling, remanufacturing

and

~

Consumption

1

dismantling process can be very energy intensive. To reduce the
energy consumed by encouraging the use of older techniques, less
energy intensive operations, savings in energy consumption can
be achieved. Energy consumption in recycling should be a
priority. In the end to make economic sense, recycling and other
activities ideally have to have a net energy balance in the positive
i.e. More energy should be recovered than used in a process.
Switzerland: - Since most of the recycling and downstream
activities are carried out in high technology factories and
equipment, there is very little motivation for reducing the energy
consumed. We therefore rate it a Low for Switzerland.

India: - There are specialized studies on how much energy is
consumed for these kinds of operations. Since some of the
downstream activities are unorganized and relatively low tech, it is
safe to assume that the energy consumption is much lower than
that of Switzerland and California. This is also because the
abundant availability of cheap labor. It encourages people to
dismantle products manually thereby reducing the need for
expensive factories and shop floors. This though is not as a result
of a policy but an organic outcome of an environment. Therefore
it is hard to say if policy or the lack of enforcement has an impact.
California: - Just as in Switzerland the California law also has very
little incentive to limit the energy consumption and scores low in
this objective.
Encourage Voluntary Recycling

Encouraging recycling is critical to ensure volumes in the system
and also raising the awareness. Laws and regulations prohibit

dumping of electronic goods in the waste stream but it is
observed that citizens still circumvent the laws because of a
number of reasons including convenience, lack of knowledge etc.
Switzerland: - The Advance Recovery fee and the general
education around electronic waste ensure that the system
developed is capable of handling the volume generated.
Switzerland therefore scores high in this regard mainly due the
raised awareness and convenience of the drop off centers located
all over the country.

India: - India too scores high in this category because of the fact
that there is a strong market or used goods in working condition
and for metals that are extracted from products that are discarded.
In India in particular, the trader or the collector pays the
consumer a small amount to collect and discard the electronic
item from him. This financial motivation is a great driving force
to promote recycling and reuse.

California: - Just as in Switzerland, California law also mandates
recycling of electronic goods. However the incentive to recycle is
not as strong as Switzerland because of the fact that only certain
kinds of electronic goods are accepted formally. However there
are many programs that collect other electronic goods such as cell
phones etc. The awareness is also at the same level as that of
Switzerland because of the education and training programs in the
state. Therefore, we categorize this at a high as well.
Increase Tax Revenue Generation

Financial Viability of any recycling program is absolutely essential.

Given the expensive nature of recycling and collection, it is
important to have a system that encourages all parties to comply.
The government has to act as an enabler in this. Although the fees
and charges collected cannot be considered revenue since they
have to fund only these activities. It is important that revenues
from any fee collection program should encourage application of
the other policy objectives.

Switzerland: - The Government agency monitoring and disbursing
funds to the recyclers and transports acts as a mediator between
the citizens and the private enterprises to ensure that the system is
functioning and both parties are satisfied. Therefore we give the
Swiss model a Medium.
India: - There is not tax revenue generation or fee or any sort of
collection mechanism that is formal or mandated by the
government therefore it is hard to characterize the program.
California: - California is the same case as Switzerland, however,
one of the criticisms of the California program is that since only
CRTs are covered, and electronic recyclers usually accept any sort
of electronic products, there is a contention that the government
is cross-subsidizing other electronic goods to the recyclers. This
cannot change until the government passes law to mandate
recycling of all electronic products. Therefore California performs
"Low" in this category.
Maximize Reuse of Materials

Reusing extracted materials from recycled products is an
important policy objective since this ensures that existing
products contain already recycled materials and not "virgin

products. This is important because it helps in stopping the
damage to the environment through excessive mining.
Switzerland: - Switzerland performs quite well in this category
since the high tech nature of the industry ensures that metals
extracted end up in the market for use in products. The industry
also provides metals that are relatively clean in their composition
and helps in direct addition to new products.
India: - Reuse of Materials in India is an economic necessity.
Products in the metal markets fetch a significant amount of
money but the problem with India is the method in which these
raw materials are extracted. Although there are some facilities that
ensure that the processes are taken care of in an organized and
environmentally safe manner, most of these activities are done
with little or no safeguards for the people performing them or the
environment.
California: - California fares poorly in this section since the
motivation for the law is towards CRTs and does not provide a
strong incentive to reuse the materials under the law. Recovery of
materials is in the interest of the recycler since it adds to their
revenue stream but this also means that recyclers prefer products
that fetch a better value in the market.
Maximize Reuse of components

Reusing of components is a good policy objective since it
encourages

modular

design

and

an

addition

of

the

remanufacturing loop. Reuse of components just as the reuse of
products extends the life of a product and limits the entry into the
waste stream till a later date.
Switzerland: - Given the technology intensive nature of the

recycling operation, there is no clear cut incentive to reuse or
recover working components from a product. We see that in
Switzerland and in California there are limited incentives for
reuse.
India: - Economic considerations in India encourage reuse of
components. Given the extensive state of the second hand and
used products markets there is an incentive to recover working
components and sell them to establishments who specialize in
repair of second hand or used goods. We therefore assign a
"High" for this category for India.
California: - Just as in Switzerland California law and the actual
practice does not encourage reuse of components and we give a
low to both California and Switzerland.
Encourage Reuse of Products

Reuse of products as a policy objective is interesting because it
limits consumption, builds a remanufacturing and resale industry
and extends the life of products.
Switzerland: - Switzerland's policy of recycling and the advance
fee does not promote any reuse of products. People usually throw
away their existing ones and there is a lack of a second hand
market in Switzerland. We therefore give a low for Switzerland in
this category.
India: - India given it's very high income disparity and the sheer
size of the economy
California

Maximize Material costs saved

Material recovery and reuse save costs of importing new ones

encourage usage in other products. Recovered material has resale
value and therefore generates profitable economic activity around
it.
Switzerland: - Since most of the recycling and recovery done is
Switzerland is by advanced machinery, we observe that there is a
cookie-cutter approach in place which process all sort of
equipment through the pipe. This discourages the use of
specialized techniques

to recover

materials. We

therefore

conclude that the potential for this impact is low.
India: - Since most of the dismantling activity is carried out by
hand and primitive methods, we see a high material recovery in
this geography.
California: - California law also has very little incentives to
promote high material recovery. The volume generated by the
existing process does not seem to promote more efficiencies or
specialized process to recover materials. We therefore assign it a
low.
Discourage Cross Border Trade

The Basel Convention bans the cross border movement of
electronic products from one country to other. There are a
number of loopholes in the convention and countries such as the
US have not ratified the convention. This leads to a trade in
electronic waste from the developed world to the developing
world where products are sent to as "used products".
Switzerland: - Switzerland has signed and ratified the Basel
convention. Swiss recyclers have to provide a written contract
around why they are sending used electronics goods to the
destination country in addition to the fact that they have to show

that the establishment in the destination country is capable of
taking care of the product in a safe and environmentally friendly
manner. Therefore we conclude that the impact is high.
India: - India has laws that prohibit import of electronic waste
into the country but it is seen that there are loopholes in the law
that allow waste from developed countries come in to the country
for disposal and reprocessing. India has started to build capability
to safely dispose electronic waste therefore we conclude that the
impact is low.
California: - California is rated low in this category because the
United States has not ratified the Basel Convention. The fact that
even in California only certain type of electronic products are
required to be collected as a part of the EWRA program,
encourages cross border trade for the disposal of the rest. The
situation that the rest of the US does not have any law that
prevents this type of trade makes the problem worse. Therefore
we rate California as low.

Our observations above can be summarized in the chart below. We can clearly see the impact of policy
pursued and the objectives of the policy. The charts in the end of document depicting the material and
financial flow are also useful in visualizing this analysis. Figure 7 in the Appendix details this
information. We can use this methodology to compare and contrast the current activities and propose
future policies for any country by comparing them against the policy objectives.

Chapter 3: e-waste Profiling

in

Mauritius

3.1 Waste Profiling
Before we start building solutions for the problem of electronic waste, we have to understand the
nature of the problem. Specifically, it is very important to know what kind of electronic waste we are
dealing with in the country. Profiling studies from other countries while useful are not accurate
representation of the problem. Therefore, to understand the type of e-waste on the island, we decided
to conduct a survey in a neighborhood that most represented the country. The municipality of Quartre
Bounres was selected as an ideal location given the proximity to my home and the diverse nature of
the area's residents. We decided that a survey was the best way to analyze the current profile in the
island.
Waste profiling activity is needed to be carried out in the island because no previous activity exists and
without identifying the kind of the waste in the houses of citizens, it would be very difficult to
construct a policy and help the government in transforming the waste transfer stations in to a sorting
station. The design of such a sorting and material recovery facility is heavily dependent on the type of
waste that people have in their households. Mauritius is a unique small island developing economy and
there are not enough surveys or previous research that we can use in this case and extrapolate to get a
good sense of the kind of e-waste that is stored in the homes.
There are a number of ways that could have been used to determine the content of e-waste in
Mauritius. These include:
1) Analyzing imports by conducting a survey of importers and cargo survey of goods coming in
to the country.
2) Analyzing the trade patterns with individual retail stores, chains and whole sellers who sell
electronic items to individual people in the country.
3) Analyze surveys and research conducted in other countries with an income level at the same
level as Mauritius.

4) Analyze the waste thrown in the waste stream by profiling activity in the waste transfer
stations.
The following table summarizes the pros and cons of adopting these methods:

Analyzing
conducting

Cons

Pros

Methodology
imports
a

survey

by Detailed supply side profiling of

Complicated

of

consuming

importers and cargo survey of

materials

coming in
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and

time

paper

work
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market.

and Government Entities.

goods coming in to the country.
Data gathering activity at the
source by tapping into

being

of

the Possibility

overburdened with data and

Freeport cargo station.

paperwork and privacy concerns
Accurate details of quantities

and business secrets.

coming in cargo ships on the

Businesses maybe are unwilling

island.

to
Detailed itemized snapshot of
what is coming in to the island

share

confidential

information such as suppliers
with a University project.

at a particular time frame.

This data would be temporary
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predict the
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electronic goods coming into
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a
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Arguably, to tackle the problem of electronic waste in Mauritius, we will have to conduct profiling
activity at a number of levels and angles so that we have clearer picture of what the citizens have. This

analysis is very critical since it drives the design and strategy for transforming the current transfer
stations into sorting facility.
For the purpose of this project, the Government of Mauritius was undertaking the waste profiling
activity at the transfer station level by carrying out surveys at the transfer stations and characterizing
the waste. We decided to tackle the profiling activity at a household level because of a number of
reasons:
- We had access to the local municipality at Quarte Bournes where I was staying so getting permission
and conducting a household level survey from the local municipality was relatively easy.
- We had the time and opportunity to optimize the survey over the course of two or three weekends
and try to determine the most effective way to conduct a survey on a large scale.
- Determining a statistically relevant sample size for the municipality was easier since the population
density is greater compared to the rest of the island.
- House to house survey was easier due to the network within the University of Technology Mauritius
and the neighborhood. We had a number of people in the university who lived in the neighborhood
and they helped in distributing the survey to their neighbors and acquaintances.
Based on records of the Municipality, the population of Quartre Bournes is 19213 in 2007. We were
able to get a response to about 57 surveys. Since this is a first time that this survey is conducted in the
country, I treated this as a pilot project to design the survey itself and refine strategies and find the
optimal method to conduct a larger island wide survey. This work was initially carried out in January
2008. Since then given the success of this survey work, Dr. Bokhoree was able to secure a grant and
hire a Research Assistant to use this survey template as a base and extend the reach and scope of the
survey to conduct the survey on a national level. To that extent, this project was extremely successful
in developing the survey and organizing preliminary efforts to understand the contents and
characteristics of e-waste in the country. This report therefore represents just a small sample and the
analysis is undertaken to demonstrate how this data could be read and the implications of this analysis
with respect to the design of the transfer station. The timeline of this research shown above is valuable

in understanding the work and its context. This work was carried out early in the year and the
recommendations about the transfer stations were carried out immediately after that. This survey was
designed to target just one neighborhood and we have made sure that the sample is quite
representative of the general population on the island. The broader survey work is currently ongoing
and we don't expect significant differences in the waste profile for the country. Recommending
upgrades for transfer stations is a different problem. Details of these are presented in the chapter on
Transfer Station transformation.

3.2 Survey Design
The initial survey content of the survey was designed and constructed was carried out based out of
previous research at University of Technology Mauritius. The research was conducted for another
project that is being currently undertaken at the university. The different components of the survey are
designed in broad general categories to help in characterizing the nature of e-waste. We designed the
survey over a course of a week and modified and adapted the layout based on initial trial runs and
responses from the field. We conducted our own mini survey inside the University to gauge the
relevance and reaction of the people filling it out. Layout changes and legibility of the survey were one
of the key take-away from the exercise. Demographic information such as size of the household,
estimated income level was also collected to see if there is a link between the two. This is also
important because of the varied demographics in the area. Initially, we decided to undertake personal
interviews at the local market with the surveys but because of the language barrier, this attempt was
unsuccessful. People would either be too busy or unresponsive to a survey conducted in English and
not in Creole or French. We then changed our strategy and conducted this survey by going house to
house and taking personal interviews. This was also a bit problematic because of the fact that a
number of houses in Mauritius and Quatre Bournes are independent houses with a driveway and pets.
Therefore, it was a bit difficult to approach the entire neighborhood.
Finally, we decided to circulate the surveys among the Research Assistants at UTM and for them to
use their network to fill out the survey and collect them back at a certain point. We distributed the
surveys to a number of people in the neighborhood and gave them about one week to take it home
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and answer it at their own time. This method is a bit more reliable because of the language and cultural
barriers that I faced when dealing with the population directly in the market or going door-to-door.
The experience was invaluable and gave me an insight into the culture and social context of the
environment I was dealing with. In particular, it was quite a revelation when people were very hesitant
to give out information regarding the location, estimated income level and size of household. The fact
that I did not speak in the language also was a hindrance but based on this experience, we decided to
change our strategy to a more personal survey experience. When that did not work, we realized that
language was an important barrier in collecting information. Although a majority of Mauritian
understands English, they are more comfortable in Creole and prefer conversations in that way.
Therefore we decided to send the surveys for them to fill out at their own time and return it. This
meant significant redesign of the layout and a few days of trial runs to make sure that it was a user
friendly experience. This is partly because of a lack of experience on my part to design and conduct
surveys but it was a great learning experience none the less.
The surveys designs were tested about two or three times and the estimated time for completion of the
survey were about 10 minutes. We instructed one survey to be handed to one household and be filled
in and returned within a week. The survey respondents were chosen randomly inside the existing
network in UTM faculty and my neighborhood and to ensure diversity of respondents, we distributed
the surveys to some of the maids and their networks to capture economically challenged parts of the
society as well.

3.3 Sample Surveys
Figure 9 in the Appendix shows a sample unfilled survey. We observe the following items the
responder has to fill in the survey:
1) Date and Time information.
2) Household level and Income to understand
3) Good numerical representation of the type and quantity of e-waste

4) Comments about extra waste items

5) Filled out survey by the participant.
These surveys were filled and collected and results of the survey were analyzed by me and researchers
at the University of Technology, Mauritius. Figure 10 in the Appendix showed a scanned copy of a
survey filled by a respondent. The results were inputted in a excel spreadsheet and graphs were
generated to show profile information.

3.4 Survey results for Quatre Bourne
Once the surveys were collected, the data was entered in a excel spreadsheet and following charts
display the key information gathered. Figure 13 and 14 in the Appendix detail these and individual
charts. While the all of the information gathered is at the end of the report, we will discuss two key
takeaways from these surveys.
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It can be observed from the chart above that clocks and wathches along with Electric Fans and Irons
are the key components of household waste in the households. Clocks and Wathces form a bulk of
electronic waste. These items currently in Mauritius can either be discarded pretty quickly in the regular
waste stream. Given the tropical nature of the climate in Mauritius and the fact that there is very little
remanufacturing or electronic recycling industry, the waste of this nature ends up directly in the land
fills or in the secondary or used goods market. Electrical fans and irons are consumer products and
don't come in standardized shapes and sizes therefore it is a bit difficult to standardize around a size
and shape. Collected fans and irons and watches will have to be disassembled manually and the
individual elements in them will need to be recovered by more traidtional and established processes of
mateiral recovery. The only concern is around the dumping of batteries inside the clocks and watches
in the landfill since batteries contain toxic chemicals. Therefore speical programs will have to be
undertaken by the Ministry to recover batteries that should not be thrown in with regular waste.
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The chart above details the type of waste in the computer / PC category. It can be seen that a number
of people have tapes and floppy discs that are stored in their houses for disposal. It is also observed
that cellphones and computers form the next category for disposal as far as the quantities are

concerned. Floppy disks and tapes contain a lot of plastic and there fore safe dismantling and recovery
capabiiltiy for plastic material is critical for handling this kind of waste. One observation from these
surveys and talking to the participants was that the waste in this case is stored in the house and most
people do not have knowledge of how to dispose off the waste. It is important to have collection days
and drives to collect the waste organized through the municipalities and local governments. Tapes and
Floppy disks do not require a large amount of space and can be stored for a relatively longer time. It
should also be noted that the quantity factor in the above graph is significantly misleading. 100
computers is a signifiant amount of electronic waste in terms of weight as compared to the tapes and
floppies. This chart also shows that in Mauritius a majority of the waste that is disposed is small items
such as tapes and discs and computer parts and not so much computers themseleves and this will
impact any strategy to handle and store waste. The volume of these smaller items is signifantly more
and this is a interesting challenge because most recyclers do not have a lot of financial interest in the
collection and accpetance of plastic waste since computers form the most valuable part of the waste
stream.
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One interesting result of the suvey is the question around what electronic waste is disposed in the
regular waste stream. The chart above shows the total number on average every household disposes. It
is interesting that batteries, bulbs and lamps and CDs are being disposed in the regular waste stream.
Usually batteries, bulbs and CDs should not be disposed off in regular waste because of the toxic
nature of the consitutient ingredients. Tehcnologies to handle these kind of electronic waste are well
established. Given the size and nature of this type of waste in the waste stream, regular collection
programs should be established to ensure that electronic waste that can be prevented from entering
the waste stream is caught at the right stages before hand. This I think will have a significant impact in
of the policy goals of reducing toxic materials from entering the waste stream.
The following chart shows the distribution of top electronic waste products in a household organized
per category:
Other Tools

Electronic Toys and Tooling Equipment

e-waste in regular waste

CDs, Bulbs and Batteries

Electrical

Electrical Switch and Wires

Communications

Radio Set and Telephones

Computer / PC

Tapes, Floppy Disks, Cell phone, Computers

Household

Clock / Watches, Electric Fans

The data above shows us a profile of the kind of products and material to be expected in the collection
drives once a collection policy is implemented. A number of conclusions can be drawn by examining
this data. Firstly, it is observed that there are a number of household dispose of batteries, CDs and
Bulbs in the regular waste stream.
The results shown in this paper are of an initial survey conducted. The success of this method and the
survey template has led to further funding at the University of Technology in Mauritius by the
Government and has in turn led to an island-wide household characterization survey. The results of

that survey are not in the scope of this paper but are being analyzed right now by researchers under
Dr. Bohkhoree.

Chapter 4: Mauritius

Transformation

Transfer Station

4.1 Introduction
In Mauritius, there is no separate collection of electronic waste. All municipal solid waste is collected
curbside by the local Municipality and then transported to a transfer station where it is compacted and
then thrown in a landfill. Following table is a list of all the transfer stations and landfill infrastructure
currently in place:
Transfer Stations
La Brasserie

Year

Present Operator

Catchment Area

1991

Securiclean (Mauritius)

Curepipe,

Ltd.

Phoenix, Part of Beau

Vacoas,

Bassin and Rose Hill.
St. Martin

1995

Securiclean (Mauritius) Beau Bassin, Rose Hill,
Q.Bornes,

Ltd.

Black

District

River,

P.

of
aux

Sables, La Tour Koenig,
GRNW

and

Corommandel.
Roche Bois

1992

Securiclean (Mauritius)

Beau Bassin, Rose Hill,

Ltd.

Q.Bornes,
Black

District

River,

P.

of
aux

Sables, La Tour Koenig,
GRNW

and

Corommandel.
Poudre D'Or

2000

Maxiclean
Ltd.

Company

of

Districts

Pamplemousses and Riv.
Du Rempart excluding
Terre Rouge and Long
Mountain

Village

Councils Areas.
La Laura

2005

Atics Ltd.

District of Moka Flacq.

Landfill Site
Mare Chicose

1997

Joint Venture Sotravic

Receive

waste

from

Ltee / Bilfinger Berger

Transfer Stations and the
southern regions of the
island.

(Source: http: //xwxv.gov.mu/portal/site/mlge/mcnuitem.b305973b236d719bb3347524e2b521ca/)

As can be seen there is just one landfill in the country to accommodate the waste, usually trucks collect
the municipal waste from individual neighborhoods and transfer it into one of the transfer stations
where it is compacted and then disposed off in the landfill site at Mare Chicose. Currently, the
infrastructure and the facilities at the transfer stations do not support any kind of sorting or material
recovery activity. This part of the work provides basic guidelines and detailed engineering drawings to
transform the Roche Bois transfer station into a waste sorting / material recovery facility. The initial
design reviews have been conducted by the Ministry of Local Government in Mauritius.

A waste transfer station is a light industrial-type facility where trash collection trucks discharge their
loads so trash can be compacted and then reloaded into larger vehicles (e.g., trucks, trains and barges)
for shipment to a final disposal site, typically a landfill or waste-to-energy facility. Transfer station
operators usually move waste off the site in a matter of minutes or hours. Transfer stations serve both
rural and urban communities and could be located either in urban or a rural neighborhood. In densely
populated areas, they are generally fully enclosed but it is observed that in Roche Bois there is one
entrance road and the transfer station is adjacent to a defunct landfill. Waste transfer stations handle
the trash that citizens set out for collection and this includes kitchen waste, garden trash and other
household trash. In the Roche Bois transfer station, workers screen incoming wastes on the receiving
floor or in an earthen pit, recovering materials from the waste stream that can be recycled and
separating out any inappropriate wastes (e.g., tires, large appliances, automobile batteries) that are not
allowed in a disposal facility. This activity is primarily unorganized and is carried out by the
economically and socially lower levels of the society. Usually material is recovered by hand or basic
tools and then separated and sold off to recyclers at a price per kilo basis.

Communities need transfer stations to move their waste efficiently from the point of collection to
distant, regional landfills or waste-to-energy plants. By consolidating solid waste collection and disposal
points, transfer stations help communities reduce the cost of hauling waste to these remote disposal
sites. The use of transfer stations lowers collection costs, as crews spend less time traveling to and
from distant disposal sites and more time collecting waste. This reduces costs for labor, fuel and
collection vehicle maintenance. In Mauritius, the transfer stations serve as a central aggregation point
for municipal waste since it is uneconomical for all the trucks to transfer the waste directly to the
landfill. Apart from being uneconomical the existence of transfer stations gives additional control and
monitoring capabilities to the ministry of local government and opportunities in optimizing the supply
chain. This network of transfer stations is operated on a lease framework where private companies
build operate and run the transfer stations with oversight from the Ministry of Local Government.
Besides reduced transportation costs, here are a few of the benefits. A waste transfer station:
*

Reduces overall community truck traffic by consolidating smaller loads into larger vehicles.

*

Offers more flexibility in waste handling and disposal options. Decision-makers can select
among different disposal options and secure the lowest disposal fees or choose a desired method
of disposal (e.g., land filling, waste-to-energy).

*

Reduces air pollution, fuel consumption, and road wear by consolidating trash into fewer
vehicles.

*

Allows for screening of waste for special handling. At many transfer stations, workers screen
incoming wastes on concrete floors or conveyor belts to separate out readily recyclable materials
or any inappropriate wastes (e.g., tires, automobile batteries) that are not allowed in a landfill or a
waste-to-energy facility.

*

Reduces traffic at the disposal facility. The fact that fewer vehicles go to the landfill or waste-toenergy facility reduces congestion and operating costs and increases safety.

*

Offers citizens facilities for convenient drop-off of waste and recyclables. Some transfer stations
have a designated area, often called a convenience center, where residents drop off waste or
recyclables in collection containers. (Source: EPA Solid Waste Emergency and Response, 2001)

The transfer stations in Mauritius were constructed in the early 90s considering the above factors.
Given the economic boom and increase in living and economic standards of ordinary Mauritian, the
country now faces a challenge to upgrade its solid waste management policy to focus on reducing,
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reusing and recycling the content of its waste. This is because of the limited land available in the
country.

While facility ownership, sizes, and services offered vary significantly among transfer stations, they all
serve the same basic purpose-consolidating waste from multiple collection vehicles into larger, highvolume transfer vehicles for more economical shipment to distant disposal sites. In its simplest form, a
transfer station is a facility with a designated receiving area where waste collection vehicles discharge
their loads. The waste is often compacted, then loaded into larger vehicles (usually transfer trailers,
intermodal containers, railcars, and barges are also used) for long-haul shipment to a final disposal
site-typically a landfill, waste-to-energy plant, or a composting facility. No long-term storage of waste
occurs at a transfer station; waste is quickly consolidated and loaded into a larger vehicle and moved
off site, usually in a matter of hours. (US Environment Protection Agency, 2002)
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Figure 16: Simplified schematic of the process steps at a materials recovery facility (MRF).(Source: H.-Y. Kang,
J.M. Schoenung / Resources, Conservation and Recycling 45 (2005) 368-400)

4.2 Waste transfer Stations in Mauritius
Roche Bois transfer station is unique because it is one of the oldest transfer stations in Mauritius. It is
located in near the densely populated Port Louis urban district and is in a poor neighborhood in the
country. Since it is located in a densely populated urban neighborhood, there are people living in close
proximity. The transfer station is very busy because it handles waste collection from the busy Port
Louis municipality. At any given time there are about 5 - 10 trucks inside the station and coming in
and out of the facility.
Primarily as is shown in the accompanying diagram, trucks come in to the station right before entry,
security guard checks the credentials of the driver and the lorry. Once that is completed, the truck is
weighed on the scale and allowed to enter the facility. The truck then turn on to the ramp and to the
higher section of the transfer stations and is usually in a queue to unload some of its contents in the
compactor. Sometimes, though the truck does not unload its content in the compactor and it unloads
in the clear area right before the compactor. This process is not standardized and depending on the
amount and sometimes the type of waste on the truck, it is either directly deposited in the compactor
or sometimes just laid on open ground in front of the compactor as shown below. This process is
completely ad hoc and causes a number of problems in the operations since it causes blockages in the
area near the compactor and prevents efficient utilization of the available resources. People doing
scavenging activity are also involved in this environment so there is a added risk of safety while these
unloading and loading operations are going on.
Lastly, health and safety norms are sometimes compromised during the operation of the transfer
station. This is because most of the scavenging activity is carried out by hand with little or no
protective equipment. In addition the people are exposed to the elements especially the Sun and rain in
the process. One of the key aspects of the transformation plan for the transfer stations is to
standardize the existing sorting process by providing safe and friendly facilities to be used by the
people there at the same not compromising the existing speed and efficiency of the facility.

The photos below show are taken during site visit at Roche Bois:
Picture

Description

Inside

the

Roche

Bois

Transfer

station.

Compactor with a truck about to unload it
contents in the compactor and then the waste is
transferred to the blue container below.

Equipment to pickup and move waste in the
transfer station.

Trucks with unsorted waste coming in and
moving out. Equipment used to move waste from
the drop off area to the compactor at work and
individuals scavenging for waste in the heap
posing health and safety threat. Queue to unload
trucks is also observed because of the congestion
in the area.

Second truck picking up the compacted wasted in
the blue container and driving off to the land fill
to be off loaded over there.

Trucks on the weigh bridge while coming in to
the transfer station

Electronic waste in the transfer station manually
sorted so that it does not end up in the compactor
and the land fill.

As can be inferred from above, following characteristics are observed at the Roche Bois transfer
station:
-

A Number of Lorries are present in the transfer station some filled with waste and some empty.

-

People gather around waste lying around to sort it.

-

There is a large space where waste gathers and cleaning it completely is not possible.

-

Trucks coming in and out of the waste station have to be able to turn and change directions
while going in and coming out of the station.

-

There are piles of garbage that are stored and then put in to the compactors at a certain time not
dependent on the time the waste came in.

These issues show an opportunity for improvement in the current layout. The transfer station is
chosen for the change because of the old construction and the need for additional investment in the
infrastructure. It is impossible for the Government to close the structure down because of the
location. There is no other transfer station available to serve the area and Roche Bois cannot be shut
down to accommodate the changes. Therefore any changes will have to be undertaken while the
current operations are ongoing. Roche Bois transfer station presents an opportunity to be the pilot
program for upgrade of current transfer station designs that can then be applied to the others. This
upgrade would be cheaper financially than rebuilding or reconstruction of the facility.
Following are the primary challenges in transforming this transfer station:
-

To ensure that the waste and the trucks go in and out of the transfer station with ease without
increasing the turn over time. This is important since the contractors will not accept a solution
that forces long wait time and delays. This is because the contractors bringing in the waste are
incentivized by the pace with which they move the goods in and out of the transfer station. Idle
trucks are not in the interest of the contractor or of the Government because it means economic
loss to both.

-

We have to design the transfer station considering the fact that some trucks will not have a lot of
recyclable material (observed during visit) and they go straight to the compactor without forcing
a sort. The exact content of the truck cannot be fully known and currently these decisions are
made just be visual confirmation and checks. We don't envision this to change because there is a
lot of implicit knowledge and communication between the truck driver and the operator of the
transfer station. Any future design will have to accommodate a scenario where a truck comes in
to the facility and directly deposits its content to the compactor hopper without making it
available for sorting.

-

Any sorting system should be able to handle multiple loads and process waste relatively quickly.
There is a health risk and a safety risk to have municipal waste just lying around in the facility.

This is especially true when it is lying around on equipment given the tropical conditions that
Mauritius sometimes faces. The equipment therefore will have to have to be simple and efficient
in moving material from it to the compactor.
To ensure safe working conditions for sorting operations. People will be working around the
transfer station and the key objective of this activity is to provide them with safe working
conditions. Currently, the activity is completely unregulated and unorganized and by upgrading
the current transfer station, the aim is to organize the activity by providing safer working
conditions, safety equipment. To this effect, the proposed design will not have automatic
sorting, or advanced sorting machines that will rob the people off their livelihood. If automatic
sorting or any other machine material recovery operations are put in place, it will meet with great
resistance and will probably create a law and order situation in the area. The Ministry of Local
Government fully understands this and therefore the primary motive is to provide safe working
conditions for the people working in the transfer station. Also, it must be noted that scavenging
activity is predominantly prevalent in the Roche Bois transfer station mainly because of its urban
setting and it being the oldest. In some of the other transfer stations we visited, due their rural
nature, there was not a big problem with scavenging.
Ensure that machinery is accessible for maintenance and repair operations. Maintenance and
repair operations have to be carried out by contractors and people running the transfer station
while the operations are ongoing. Maintenance and repair of equipment and operation of the
transfer station are not mutually exclusive.
Ensure that operation can be scaled to other transfer stations. Once a design has been approved
by the Ministry of Local Government, this design for the upgrade will be replicated to other
transfer stations so that sorting and material recovery operations can be carried out in other
transfer stations as well. This engineering design therefore has to be scalable and reproducible as
much as possible especially with regard to the selection equipment. This also has implications on
long term relations that will be developed by the contractor and the Ministry of Local
Government.
Ensure that waste processing is undertaken in a quick and efficient manner. One of the key
features of the current transfer station is the fact that when there is a need, the transfer station is
able to process and turn around the trucks in at least the same amount of speed. Any

unnecessary features that reduce performance will not be accepted by the stakeholders therefore
the proposed design should be simple and efficient.
To understand material recovery facility, we have to understand the types of waste coming in into a
transfer station. Following are the key types of waste coming in to a Transfer Station:
Municipal solid waste (MSW) is generated by households, businesses, institutions, and industry. MSW
typically contains a wide variety of materials including discarded containers, packaging, food wastes,
and paper products. MSW includes a mixture of putrescible (easily degradable) and non-putrescible
(inert) materials. Three types of MSW are commonly diverted and handled separately:
-

Yard waste (green waste) commonly includes leaves, grass clippings, tree trimmings, and brush.
Yard waste is often diverted so that it may be composted or mulched instead of going for
disposal.

-

Household hazardous waste (HHW) includes hazardous materials generated by households, such
as cleaning products; pesticides; herbicides; used automotive products such as motor oil, brake
fluid, and anti-freeze; and paint.

-

Recyclables include discarded materials that can be reprocessed for manufacture into new
products. Common recyclables include paper, newsprint, ferrous metals, plastic, glass containers,
aluminum cans, motor oil, and tires.

In Mauritius, majority of the waste in the waste stream is yard and household waste with a minute
percentage of waste being electronic waste. The main idea of a material recovery facility is to recover
the recyclable materials out of the waste stream and extract e-waste out of the stream so that it does
not end up in a land fill. The e-waste recovered will be stored on site because of the security presence
in the transfer station and the availability of space in the transfer station itself. Construction and
demolition (C&D) debris results from demolition or construction of buildings, roads, and other
structures. It typically consists of concrete, brick, wood, masonry, roofing materials, heetrock, plaster,
metals, and tree stumps. Sometimes C&D debris is managed separately from MSW; other times it is
mixed with MSW. (US Environment Protection Agency, 2002) In Mauritius, most of the waste coming
in to the Roche Bois Transfer station accepts mixed waste where most of it ends up in a landfill with
little or no sorting or pre-processing. To enable sorting operations in the Roche Bois Transfer station
we have to implement mechanical structures to help with the sorting operations. The recovered ewaste could be stored in standard shipping containers that could be procured quite cheaply. Storage is
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an important consideration for the e-waste to not only protect it from the environment, also from
scavengers and other people who will have a propensity to steal and recover the metals and other
valuables in an environmentally harmful manner. We estimate a half size shipping container local
recycling; repair contractors could be given access to the facility to recover the materials once the
container is full.
The underlying principle of this transformation is not to get rid of human operators but to provide a
safe environment for them to work and ensure structured recovery of materials. It is observed that the
current working conditions are dangerous and unhealthy in the long term. The Government has an
interest in ensuring the long term health of its citizens therefore this project fits in well with the overall
public health policies of the Government.
Following table characterizes the requirements to enable sorting operations
Need

Description

Waste needs to be laid out to be sorted.

Currently all the waste is in a pile that is formed once the
truck is unloaded. The operators then approach the waste
to sort it manually with little or no protective equipment
and are exposed to the sun. People are seen climbing
over heaps of waste without any shoes with sticks or
metal rods to sort out the waste.

Waste needs to be compacted quickly.

The conveyor while important should not prevent lorries
from approaching the compactor directly. So that both
the compactors can be used simultaneously. Speed of
compaction is

an important consideration

in the

operations. Additional equipment and machinery should
not affect performance and speed of the operation.
Waste handling should be done without Any sorting system put in place should use equipment that
more specialized equipment

is already present or is being used in the transfer station.
Since the budgetary needs and constraints are severe and
the fact that there are a number of transfer stations that
could potentially be upgraded, there is a necessity to not

design a very high tech recovery facility with high initial
capital cost. This is also because we may have to replicate
this design to the other transfer stations in the country.
leverage

Currently there are compactors and approach roads and

infrastructure present at the same time

other basic infrastructure required are already present.

New

system

should

not

operations.

should

interfere

with

daily

For any future design to be successful we have to utilize
the existing ones to the fullest before new investments in
additional capacity or equipment can be made.

Based on the need characterization above and the technologies studied, we recommend installation of
a simple conveyor system with a hopper and a chute that empties the waste in the compactor. We also
propose the installation of simple work stations that will allow ten people to work on the line at a
given time.
The decision to pursue this approach instead of automated waste recovery is both executive and came
out of the needs mentioned above. The goal of this recovery facility is to provide safe working
conditions for the operators and relatively quick processing of waste.
The transformation of the Roche Bios Transfer Station is tied to the waste profiling survey undertaken
earlier and the on-site visits undertaken during my stay in Mauritius. These recommendations are not
based on the national level survey neither are they given considering the other transfer stations. It has
to be noted that Roche Bois is a relatively unique transfer station because of its age and the fact that it
is disjointed from the rest of system because of the location and technology. The plan to transform
Roche Bois is to some extent independent of the others because the other transfer stations are
relatively modern and already have facilities such as convenient access and advanced machinery etc.
However, the transformation of Roche Bois is an important step because of the presence of
scavengers and un-regulated recycling/recovery "industry" around the waste that is recovered. This
presents a great opportunity to investigate the relevance and utility of our model and try to analyze
policy options to maximize the resources available at the transfer station.

4.3 The existing design

The AutoCAD figure 11 in the Appendix 1 details the existing layout of the transfer station. That
drawing details the current layout of Roche Bois transfer station. Following characteristics are
observed in the drawing:
*

The approach road is right after the weigh scale and the ramp allows the trucks to climb the
incline and reach the hopper areas.

* There is a large open space in the to the east of the approach road which can be utilized for
putting up the sorting stations
* There are two hoppers that feed in to the compactor to compact the waste.
* The entry and exit route for the trucks is a bit problematic especially once the content is
unloaded and loaded back in.
There are two waste compactors on either side of the tipping platform and these compactors are used
every day depending on the amount of waste to be compacted and maintenance and repair activities.
The presence of two compactors is important because they help in quickly turning around waste and
enable movement of trucks and keep the transfer station in motion. During my interviews with the
operators, they opined that there was enough capacity with two compactors and three would not be
necessary but loss of one would seriously affect operations and turnaround time and therefore profits.
To erect a structure and install a conveyor and sorting stations, we held a number of discussions with
the Ministry of Local Government. At the end of these discussions, it was decided that the best way to
raise the conveyor to the hopper and then drop off the contents in the compactor.

4.4 The proposed design
The key components of the transformation would be:
1. Steel conveyor Belt
2. Workstations
3. Waste hoppers
After investigation of conveyors the following conveyor is recommended for best results in the sorting
line should be a heavy duty hinged steel belt conveyor as shown below:

The heavy duty steel conveyor is ideally suited for
waste handling and is reliable
Specifications
9" pitch, 4 ft width
Length: 36 ft.
Height : 4 ft from the ground

Material: Stainless steel

Advantages

Disadvantages

- Structurally sound

- Costlier than regular conveyors

- Heavy duty belt especially designed to carry

- More maintenance requirements

loads
- Long life
- Can handle solids and wet waste
- Easy to clean and maintain

- Reconfigurable with similar sized equipment

Workstations
Workstations in this case are raised platforms for operators to stand as the waste is passed on a
conveyor. We recommend simple work stations to hold the waste separated by a holding area for bags
and recovered waste. The workstations proposed for this project are basic solid structures that allow
holding of plastic or paper waste. The raised platforms would serve the basic purpose of isolating the
weather and soil in the transfer station to work area and also help in stabilizing the conveyors while
waste is being processed. The operators will work in a cell like structure on both sides of the conveyor
while the truck will unload its contents on the belt and the conveyor will move the trash and raise it as
shown in the drawings before dropping it on the conveyor.

A cell like structure as shown here would be
installed

on

raised

platform.

The

belt

specifications will have to be different and are
detailed below.

Source: EPA website (www.epa.gov).

Waste Hoppers

Source: Redox Corporation (www.redox.nl)

Design specifications and considerations:
- The hoppers should be at ground level so that the waste can be deposited using standard bulldozers
and lifts.
- We recommend using 4 ton hoppers to ensure that waste from one lorry can be accommodated in
the hopper.
- The hopper should have only one point of putting in material to ensure that there is minimal
overflow of waste falling down on the operation platform.

Advantages

Disadvantages

- Ease of access by machinery

- Cannot be moved once installed

- Conveyor underneath the feeder enabling storage

- Need to ensure clean environment around the

and quick access for cleaning

hopper.

- Enable storage of waste equivalent to one container

- Bolted to the floor so will have to

of waste.
- Double conveyor to move waste and carry it on the
sorting stations

Resurfacing of approach road
The approach road will have to be resurfaced to ensure that there is better traffic management of
trucks and we have enough space to accommodate the conveyor system and storage of the waste lying
around. This resurfacing is shown in the proposed drawing above and it will help in reducing some of
the congestion problems by allowing a smoother access and exit to the trucks. Currently the trucks
have to turn about 270 degrees to come in and out of the upper deck of the facility to exit. This creates
congestion and a lack of parking space. This is clearly seen from the pictures taken in the facility. The
new approach road will smooth the operation by providing ample space to maneuver and exit from
the facility.

Covering structure
The covering structure is a simple shed to protect the machinery and the operators from the
environment: sun and rain. The structure should just be a shed. We also require a concrete basement
to hold and secure the machinery. This extra construction will be necessary to ensure that the
equipment and the people working underneath are not exposed to the elements directly. The structure
will be especially useful in the Summer time when the heat can become unbearable or during the rainy
season when it is raining heavily.
To transform the Roche Bios transfer station in to a waste recovery facility, we propose to install a
hopper, conveyor and work stations. These mechanical elements will be covered by a shed structure to

ensure that the operators are protected from the heat. By putting in place this simple system, we can
ensure that the transfer station can be transformed into a waste collection facility.
Advantages of the new design
There are a number of reasons why the new design is better than the old one. This is shown in Figure
12 of the Appendix. The blue areas marked are the new construction for the hopper, conveyor belt
and the covering structure along with the resurfaced road. Economics and cost of upgrades is one of
the key considerations of the desired state. The Government does not want to spend an enormous
amount of money on the upgrades of its infrastructure therefore this new design uses existing and
tested technologies that are relatively easy to deploy. I will detail the advantages of the new design and
layout in the following paragraphs.
One of the major improvements being recommended is the re-paving the access road to the upper
deck and the tipping platform. This extended structure as shown in the drawings above will
significantly help in easing the traffic congestion and movement of trucks by forcing a uniform pattern
and pathway to access the upper deck.
The second major improvement in the layout is the extension of the garbage storage area on the upper
deck. The resurfacing and extension is a major change from the existing layout and will provide more
area to use and maneuver. Currently, the area is open grounds with nothing there and therefore can be
used to extend the reach of the garbage storage.
Out of the two compacting stations, we propose to build a shelter on the Northern side to
accommodate the conveyors, work stations and the waste hoppers. Trucks and construction
equipment already in the transfer station will be used to move the waste from the existing areas to the
conveyor and then transferred to the waste hopper and compactor on the farther left.
The conveyor will be raised at an angle so the waste after it is sorted from the conveyor is dropped
directly on the compactor. This arrangement allows the compactor to be used either with the conveyor
or on independently without the conveyor. By designing the system in this fashion, we are ensuring
that the current operations are not affected and at the same time, we can use the conveyor along with
methods used traditionally to handle and dump waste in the compactor.
The covering structure, conveyor and the waste deposit hopper would be constructed as an extension
to the existing garbage collection area. This will ensure that the amount of garbage dropped in the
garbage collection area is reduced and is either directly put in the waste hopper and conveyor or in to
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the waste compactor. This will be a significant improvement over the existing state because there is no
incentive for the transfer station operators to move the garbage to the compactor quickly.
One of the key problems in the new design is with the waste hopper the container that feeds waste on
the conveyor. Currently the trucks and lorries that come in to the transfer station have no specific or
standardized weight and dimensions. Therefore some of the trucks can deposit the waste directly on
the hopper and then to the conveyor, while for others, they will either have to deposit it directly on the
new garbage storage area or dump it directly into the waste compactor. There is no easy solution for
this because of the different types of trucks that come in to the transfer. The Government is not in a
position to mandate a certain truck size for the contractors without significant cost and backlash.
Therefore any solution will have to be constructed considering different truck and hopper sizes. In
some cases therefore, it would be necessary to use existing equipment to physically move the garbage
from the storage area to the waste hopper or conveyor using equipment such as a bulldozer.
Bulldozers and other lifting and moving equipment are already available in the transfer station and can
therefore be effectively used.
The usage and operation of the conveyor belt would be left up to the operators of the transfer station.
It is not expected that the conveyor belt in the transfer station will be in use at all times. This is
because not every truck coming with waste materials need to be sorted. It is proposed that a half size
shipping container will be kept on the premises to store some of the electronic waste that is recovered.
This suggestion requires a bit more investigation which is out of the scope of this thesis and is
elaborated in the future work section.
I believe that these relative simple changes in the layout and modifications in the Roche Bois transfer
station will be a giant step in transitioning it from a transfer station to a material recovery facility. After
discussions with the Ministry of Local Government it was agreed that we will not be pursuing a
strategy that recommends high end equipment and capital investment in the transfer station. The main
idea is to implement something that is relatively quick and will provide the maximum benefit to the
scavengers operating in the transfer station. To that extent the Ministry is working with the local
municipalities to encourage more source side sorting and targeted collection activities to ensure that
some of the work will be done at the source and therefore will reduce the need for sorting and material
recovery at the transfer stations. It has been repeatedly demonstrated that sorting at the source is a

much more efficient and effective way to achieve material recovery because it is much harder to
perform sorting and recovery activities after the waste is mixed and comes in to the transfer station.

Chapter 5: End to End Policy Analysis

5.1 Expansive Options in the Lifecycle
Earlier in this paper, we characterized content of electronic waste and products stored in households
in Mauritius. To start developing an effective policy to tackle the problem around end-of-life and
disposal issues, we need to analyze the implications of the above data on our generic end-to-end model
developed initially. When we consider the fact that a majority of the electrical and electronic waste in
Mauritius is smaller gadgets and relatively less value items like electric fans, tapes etc. the policy
recommendations will have a significant impact on the way to these items are to be handled. For the
Government of Mauritius following can be considered as policy objectives for management of
electronic waste:
- Reduction of hazardous material in landfills
- Safe disposal of electronic and electrical goods
- Development of a small scale recycling and remanufacturing activity
- Waste sorting activity at the source

5.2 Current, Desirable future state and selection of activities
While these are generic high level policy objectives gathered through interviews, they are not that
useful in analyzing efforts or proposing new projects in a systematic fashion. We need to start with the
current scenario and a most likely future state. The reason why we choose a most like future state is
because we know through experience and our study of other systems that an ideal future state with no
hazardous materials in landfill, sustainable policy and ideal producer responsibility is not possible. The
rationale here is that if rich countries with access to almost state-of-the-art technologies could not
come close to this, it will be very difficult for Mauritius in particular to achieve an ideal system given its
unique context and that fact that it is a developing middle-income country that is relatively isolated
from the rest of the world. Large amount of capital investment is not possible for the government
given the size of its economy. Therefore we make a reasonable qualitative judgment of what the

Government might reasonably target as a policy objective. This is not completely ad-hoc since these
desired future states have been verified and accepted by my local contact and co-guide Dr. Bokhoree.
We first analyze what the current state and the desired future state means. Then we select five potential
activities that have started (such as e-waste profiling, transfer station upgrade) or can be started (for
e.g. sorting at the customer level) and see how these activities affect these policies and help us achieve
the desired future state. Currently there is very little activity or policy around electrical waste so that
way this is the base case scenario and is depicted in the figure in the Appendix at the end of this report.
This way we can analyze the effectiveness of these activities or any other potential activities to be
conducted in the future.
Policy Objectives

Analysis of current situation and reasonable desired state for
Mauritius

Reduction

of

Hazardous

Materials

Reduction of Hazardous Materials in the waste stream as policy
goal is important criteria for successful tackling of electronic
waste. The best way to treat hazardous materials from entering
the waste stream is by mandating that they don't get in to the
products in the first place. Countries can ban sale or usage of
products

from companies

that fail to comply with these

regulations.
Current State in Mauritius: - Currently there are no laws in the
country mandating this as an import requirement. Therefore we
categorize this as "low".
Most Reasonable Desired State in Mauritius: - To achieve this
goal as policy objective will have a "high" positive impact
therefore we assign it likewise.
Employment Generation

Employment generated through recycling and dismantling activity
can be one of the objectives of a waste regulation policy.

Current State in Mauritius: - Currently there is very little effort or
policy to generate employment around recycling and dismantling
and therefore we assign "low" to this metric.
Most Reasonable Desired State in Mauritius: - While it is not a
high priority to generate employment in the recycling, sorting field
just to make sure that the lowest strata of the society have a job
and source of income through regulated economic activity.

Extended

Producer The "producer pays" principle is generally regarded an acceptable

Responsibility

guiding policy. This principle states that the producer is the main
creator of the problem and the onus of end of life issues of the
product are with the producers.
Current State in Mauritius: - Currently in Mauritius, this is almost
non-existent.
Most Reasonable Desired State in Mauritius: - There is very little
manufacturing in the island so almost all of the electronics are
imported therefore as a desired state a EPR like mechanism will
not only be very hard to implement but will face resistance from
the local retailers. Given the experience in developed countries,
this is definitely a long term solution for the problem so we assign
a "Medium" for this metric.

Development
Industry

of

Recycling

Development of recycling industry could be a potential outcome
of Policy. Laws. Regulations

and current practices could

encourage the growth of a recycling industry.
Current State in Mauritius: - Currently there are some recyclers
present on the island out of economic opportunity. There is a
plastic and paper recycling plant and some recyclers export

computers

and other material in defiance

of the Basel

Convention. Therefore we give a "Medium" on this objective.
Most Reasonable Desired State in Mauritius: - Based on feedback
and my interactions with the Government officials, we can assign
a medium level of objective.

Reduction

in

Energy Energy

Consumption

consumed by the

recycling, remanufacturing

and

dismantling process can be very energy intensive. To reduce the
energy consumed by encouraging the use of older techniques, less
energy intensive operations, savings in energy consumption can
be achieved. Energy consumption in recycling should be a
priority. In the end to make economic sense, recycling and other
activities ideally have to have a net energy balance in the positive
i.e. More energy should be recovered than used in a process.
Current State in Mauritius: - Currently there is minimal machinery
and automated processes apart from the basic paper and plastic
recycling industry, the rest of the activates are carried out by hand
or in traditional industrial plants therefore we assign this as a high.
Most Reasonable Desired State in Mauritius: - Given the limited
supply of power available on the island we say that this situation
should be continued and the government prefers if there is no
significant amount of additional power requirement to the existing
grid.

Encourage Voluntary Recycling

Encouraging recycling is critical to ensure volumes in the system
and also raising the awareness. Laws and regulations prohibit
dumping of electronic goods in the waste stream but it is
observed that citizens still circumvent the laws because of a

number of reasons including convenience, lack of knowledge etc.
Current State in Mauritius: - Currently there are very little
practices in place to encourage this; therefore it is assigned "low".
Most Reasonable Desired State in Mauritius: - Voluntary recycling
will help ease some of the volumes of waste going to the landfill
therefore the assignment here is "High"
Increase Tax Revenue Generation

I

Financial Viability of any recycling program is absolutely essential.
Given the expensive nature of recycling and collection, it is
important to have a system that encourages all parties to comply.
The government has to act as an enabler in this. Although the fees
and charges collected cannot be considered revenue since they
have to fund only these activities. It is important that revenues
from any fee collection program should encourage application of
the other policy objectives.

Current State in Mauritius: - Currently there is no revenue
collected through any of the recycling activities therefore it is
assigned "Low"
Most Reasonable Desired State in Mauritius: - Most likely desired
state for this policy goal is "Medium" because a collection fee is
not a priority in the short term but it is in the long term.
Maximize Reuse of Materials

I

Reusing extracted materials

from recycled products is an

important policy objective since this ensures that existing
products contain already recycled materials and not "virgin

I

products. This is important because it helps in stopping the

damage to the environment through excessive mining.
Current State in Mauritius: - Currently all electronic waste is not
treated and ends up in the land fill. Therefore there is very little
reuse. This objective will be a "low" in our estimate.
Most Reasonable Desired State in Mauritius: - The government
understands that to generate employment, it is important to
develop a remanufacturing/ repair industry that can maybe export
these goods to other less developed countries or find market in
Mauritius or dismantle and send the cores back to other countries.
We therefore assign it a "Medium".
Reusing of components is a good policy objective since it

Maximize Reuse of components

encourages

modular

design

and

an

addition

of

the

remanufacturing loop. Reuse of components just as the reuse of
products extends the life of a product and limits the entry into the
waste stream till a later date.
Current State in Mauritius: - This is the same as above and scores
a "low".
Most Reasonable Desired State in Mauritius: - Same as above and
scores "Medium".
+

Encourage Reuse of Products

Reuse of products as a policy objective is interesting because it
limits consumption, builds a remanufacturing and resale industry
and extends the life of products.
Current State in Mauritius: - This is the same as above and scores
a "low".
Most Reasonable Desired State in Mauritius: - Same as above and

scores "Medium".
Maximize Material costs saved

Material recovery and reuse save costs of importing new ones
encourage usage in other products. Recovered material has resale
value and therefore generates profitable economic activity around
it.
Current State in Mauritius: - Currently there is no incentive or
policies to reduce the import burden on the island. We see that
whenever a large ship comes, the markets are flooded with cheap
goods. Currently we assign this as a "Low"
Most Reasonable Desired State in Mauritius: - Reducing the
import bill is in the interest of the country and making use of
what is already available should be a priority, therefore we assign
this as a "High"
I

Discourage Cross Border Trade

I The Basel Convention bans the cross border movement of
electronic products from one country to other. There are a
number of loopholes in the convention and countries such as the
US have not ratified the convention. This leads to a trade in
electronic waste from the developed world to the developing
world where products are sent to as "used products".
Current State in Mauritius: - Currently there are no enforcement
activities for this objective and therefore it is a "Low"
Most Reasonable Desired State in Mauritius: - We see that in the
long term the Government would want to move to a "Medium"
as its desired state.

I

The above can be summarized as a table below:
Polic Objectives (for CRT

Mauritius
Current Situation Most Likel Scenario

Reduction of Hazardous Mat.
Employment Generation
Extended Producer Responsibility
Development of Recycling Industry
Reduction in Energy Consumption
Encourage Voluntary Recycling
Increase Tax Revenue Generation
Maximize Reuse of Materials
Maximize Reuse of components
Encourage Reuse of Products
Discourage Cross Border Trade
Maximize Material costs saved

Medium
Meim

The current state is depicted in the context of our framework in Figure 5 in the Appendix. Now that
we have analyzed the current situation and the most likely desired situation, we will analyze the
activities that are either in place or can be undertaken by the Government to achieve its desired goal
and visualize it with respect to our framework. We consider seven activities that I think are relevant
through my research. These activities are:
1) Upgrading Transfer stations.
2) Education programs around home based recycling.
3) Collection of Advance Recovery Fee.
4) Implementation of European style RoHS law for imports.
5) Enforcing sorting of waste at the source / consumers.
6) Banning dumping of any electronics in municipal waste.
7) Subsidizing industrial repair activities.
We now compare the current state and see how each of these activities impacts the current state. This
is shown by the series of graphs below along with notes on the analysis:
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Legend:
Positive Impact
+

We analyze the impact of a policy instrument on

++

Strong Positive

impacts the entire lifecycle of the electronic

/

No Impact

--

SNoat

Negative
Strong Negative

the current situation to better understand how it

product. This is tied in to our framework of how
an action impacts various dimensions of the
framework.

Upgrading Transfer Stations
Policy Obectives

'Mauritius

Current Situation
Reduction of Hazardous Mat.
i
Employment Generation
Extended Producer Reo
sponsibili
eium
Development of Recycling Industr
Reduction inEnergy Consumption

Activity

1
+
++
+

Encoura e Voluntar Recycling

--

Increase Tax Revenue Generation
Maximize Reuse of Materials

+

Maximize Reuse of components .+
.
Encourage Reuse of Product s ..

+

Discourae Cross Border Trade
Maximize Material costs saved

+

Analysis: -It can be seen that upgrading transfer stations by converting them in to a Material Recovery
facility encourages employment generation and reuse of materials since the sorting activity encourages
recycling. It also prevents hazardous materials from entering the landfill and the waste stream.
However it does not promote any sort of producer responsibility or increase in the revenue of tax for
example. Therefore such upgrades only impact the downstream aspect of the lifecycle and have very
little or no impact on the upstream.

Education programs around home based recycling
Policy Objectives
Reduction of Hazardous Mat.
Employment Generation
Extended Producer Responsibility
Development of Recycling Industry
Reduction in Energy Consumption
Encourage Voluntary Recycling
Increase Tax Revenue Generation
Maximize Reuse of Materials
Maximize Reuse of components
Encourage Reuse of Products
Discourage Cross Border Trade
Maximize Material costs saved

Mauritius
Current Situation :

:

2
+
/

li
++
/
+
+
+
/
/

Analysis: - Education and awareness programs around recycling will definitely reduce the hazardous
waste entering the municipal waste stream. These activities will also impact voluntary recycling by
giving tools and knowledge around how to do it. It however does not have any impact on taxes or
employment generation in this case.

Collection of Advance Recovery Fee

Policy Objectives

Mauritius

Current Situation
Reduction of Hazardous Mat.
Employment Generation
Extended Producer Responsibility
Development of Recycling Industry
Reduction in Energy Consumption
Encourage Voluntary Recycling
Increase Tax Revenue Generation
Maximize Reuse of Materials
Maximize Reuse of components
Encourage Reuse of Products
Discourage Cross Border Trade
Maximize Material costs saved

m

3
/
+
++
+
/
+
/
/
+
/

Analysis: - Collection of a recovery fee at the point of purchase subsidizes collection activities and
helps in developing awareness among the consumers. It also enables industry and retailers to take
responsibility of their products. In this case we see that since customers would have paid the recycling
fee, there is an incentive on their part to dispose the product by returning it to the retailer. However,
we can see that this does have any impact on some of the other considerations. Indeed, it is observed
that in a number of cases the retailers and the producers wash their hands off the product by
outsourcing the handling of returned products.

Implementation of European style RoHS law for imports

Policy Obiectives

Mauritius
Current Situation i

4
+
/
+

Reduction of Hazardous Mat.
Employment Generation
Extended Producer Responsibility
Development of Recycling Industry
Reduction in Energy Consumption
Encourage Voluntary Recycling
Increase Tax Revenue Generation
Maximize Reuse of Materials
Maximize Reuse of components

/
/
/
+

Encourage Reuse of Products
Discourage Cross Border Trade
Maximize Material costs saved

Analysis: - Application of RoHS style law for Mauritius would force importers to only import from
producers and suppliers who adhere to the norms of the EU or other bigger countries. While this is
hard to implement, it will impact the quality of products coming in to the island by a significant
amount. It will also ensure that Mauritius can supply other countries with materials recovered from
less hazardous products.

Enforcing sorting of waste at the source / consumers.

Policy Objectives (for CRT)

Mauritius
Current Situation

5

Reduction of Hazardous Mat.
Employment Generation
Extended Producer Responsibility
Development of Recycling Indust
Reduction in Energy Consumption
Encourage Voluntary Recycling

+
+
++

Increase Tax Revenue Generation

/

Maximize Reuse of Materials
Maximize Reuse of components
Encourage Reuse of Products
Discourage Cross Border Trade
Maximize Material costs saved

Analysis: - For any long term solution to tackling electronic waste, sorting at the source is the most
effective way. This has numerous advantages including higher efficiencies, reduction of waste in
general, encouraging the recycling industry and lowering the cost of operations. This strategy is
followed in almost every major country that has effective recycling policies and operations.
Implementing such a policy would have great benefits especially in Mauritius because a majority of
waste thrown in the landfill is garden waste which can be converted in to compost and many other
useful materials.

Banning dumping of any electronics in municipal waste.

Policy Objectives

Mauritius
Current Situation

Reduction of Hazardous Mat.
Employment Generation
Extended Producer Responsibility
Development of Recycling Industry
Reduction in Energy Consumption
Encourage Voluntary Recyclin g
Increase Tax Revenue Generation
Maximize Reuse of Materials
Maximize Reuse of components
Encourage Reuse of Products
Discourag Cross Border Trade
Maximize Material costs saved

6
+

++
++
/
/
+
+

Analysis: - Banning dumping of waste theoretically has a lot of benefits as shown above but the
effectiveness of such a policy is questionable in Mauritius because of enforcement issues around it. But
by essentially banning electronic waste dumping we are preventing it entering in to the waste stream
but at the same effective programs should be introduced to ensure that citizens have a way to dispose
off their electronic goods. This however will have no impact on the consumption patterns of the users
and the quality of goods coming in to the island and is essentially a downstream management
technique as per our framework.

Subsidizing industrial repair activities.

Policy Objectives

Mauritius
Current Situation

Reduction of Hazardous Mat.
Employment Generation
Extended Producer Responsibility
Develo pment of Recycling Industry
Reduction in Energy Consumption
Encourage Voluntary Recycling
Increase Tax Revenue Generation
Maximize Reuse of Materials
Maximize Reuse of components
Encourage Reuse of Products
Discourage Cross Border Trade
Maximize Material costs saved

7
++
/
+

-+
+
+
+
+

Analysis: - Subsidizing industrial repair activities by giving grants, tax breaks will have a significant
impact on employment generation and recovery of materials from waste products. These will help in
the development of industrial capability and entrepreneurship in the community. Training and
guidance should be provided through universities and other vocational institutions around these
activities to fully utilize the potential of the participants. In the long term the ability of local population
to recover materials and build viable enterprises around recycling and end of life issues of electronic
goods is the sustainable and right thing to encourage.

5.5 Conclusion
Policy analysis as described earlier can be qualitative, ad-hoc and localized. By using our lifecycle model
and developing an understanding of where Mauritius stands right now to a position it wants to be in
the future based on the framework is a good point to start. Once we have defined the current state and
identified the future state, we then analyzed the impact of various policy tools on the current state.
Any long term solution to this problem has to come about through the approach proposed so that
policies and activities have to be judged on the cost of implementation as well as the impact on the
particular environment.

We analyzed seven policies for their impact. The hope is that any future policy will be analyzed
through this lens and be judged for its merit in this fashion. Thus using the model, we have
transformed the policy and decision making process for the country to a systematic, holistic way where
every aspect of a policy action is understood. I hope that even though there would be disagreements
on individual policies, by looking at it through this framework, we can guide an objective decision
based on merits of a policy.
In the end, an effective solution to the problem of minimizing electronic waste has to be comprised of
a combination of several policies they are dependent on the objectives pursued by the Government.
While some of these objectives may change over time, most of the objectives, such reduction of
hazardous materials and employment generation, will remain, regardless of the government or political,
economic and cultural situation. When we examine all the activities described above in the context of
our policy objectives, we get a more holistic picture of how these activities fit into a coherent whole.
This table is shown in Figure 8 of the Appendix and a simplified version is shown below:
Contribution of the activity to changing
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Reduction of Hazardous Mat.
Employment Generation

For example it can be seen that by implementing these set of activities we will have a positive major
impact in encouraging voluntary recycling. In particular, activities 2, 5 and 6 will have a significant

positive impact on that policy objective. Interestingly, it is seen that these policies have no or little
negative impact on any of the other objectives so it is easy to recommend these. Similarly, if we
consider policy 1, we see that it has a significant positive impact on employment generation and also
on other post consumer activities such as the reuse of components, materials and products. However,
we also see that it has significant negative impact on the consumer level and the pre-consumer level.
Therefore if this policy is implemented other activities that encourage and enforce pre consumer
policy objectives should be implemented in conjunction with this. The need for supplementary policies
to offset any negative effects of the examined policies is revealed in the combined matrix.
Thus, we can see how a combination of activities can be chosen to make the best impact by
understanding where and how they are impacting our life-cycle frame work. We have analyzed the
current situation, the most reasonable desired situation in Mauritius and then analyzed a set of
activities that are mandated in different countries to understand how they affect the situation in
Mauritius in the context of our model developed. This approach is recommended to the Mauritius
Government to guide their thought process on how an activity impacts the lifecycle. Finally, the
government should use this opportunity to consider more upstream policies, such as remanufacturing
in place of total recycling; this is clearly shown by our chart below where a combination of upstream
and downstream activities will have to be chosen to have the best impact. While developed countries
are slow to develop and implement such policies for a number of reasons including economic and
political ones, these could be very beneficial to a developing country. This will enable Mauritius to
"leapfrog", technologically speaking, in the area of electronic waste minimization. Remanufacturing
has been shown to have many benefits such as extending the life of products by preventing them from
entering the waste stream.

Chapter 6: Relevance of Research

6.1 Framework building
In this paper, I have presented a framework to help formulate an effective policy around electronic
waste. We started with taking a generic electronic product and developed a lifecycle model for it from
the time the individual components are mined to the point where they are extracted, refined and ready
to be included in new products. I have developed a comprehensive model that includes activities such
as remanufacturing, recycling, scavenging, collection etc. This life cycle assessment model is very
powerful and helps us think about all the possibilities that policy makers have to think about when
formulating a policy. Once the frame work was built, we tested it for a particular product in various
countries and then honed in on the main project funded by the grant to Mauritius. By building a
generic model, we have abstracted out local solutions or inefficiencies and approached the problem in
a holistic fashion. This is very important because given the scale of the problem, it is can be very
difficult to find a starting point for any action and understand its impact. This approach of developing
a highly generic model and then adapting it for a particular context has also has two significant
advantages as described in below.

6.2 Opportunities in Other electronic waste
In our model, to validate the completeness of it, we have considered CRT as a representative product
of electronic waste. There are a number of benefits of using CRT as a test for our model:
- CRTs are a significant percentage of electronic waste in the waste stream
- CRTs contain some of the most hazardous and toxic substances in electronics
- There are specific legislation banning dumping of CRTs in a number of states and countries.
- CRTs downstream lifecycle is much more expansive given the amount of material that it has, there
are a lot of ways that material recovery can be achieved and usually it is done as a combination of a

number of methods. Therefore, effective handling of CRT is also a representation of the capability of
the system.
- CRTs are prevalent all over the world in developed and developing countries. Therefore it is a good
test case to see if the model is relevant to the best case and worst case scenarios and all in the middle.
- There is extensive literature on laws, regulations and handling and disposal of CRT waste in both
developed and developing world.
Therefore I think that given the conditions above, the model developed is expansive enough to
accommodate virtually any sort of electronic waste. During the course of my research, I have tried to
model diverse goods such as refrigerators and batteries through this model and found that it was
comprehensive enough to accommodate these products. This model can act as a base case which can
then be modified to accommodate specific process changes or cultural context to think about a new
policy or implement improvements to existing infrastructure by researchers and policy makers alike.
Electronics consists of a wide variety of products at different stages in their lifecycle, by building this
model we have made sure that no matter what product and stage of lifecycle it is in, it can be visualized
in this context to help understand the dynamics and how its lifecycle will be in different contexts or
countries. In addition when new technologies or process or products come to the market,
modifications to the model can be easily made to see how these will perform in the lifecycle.

6.3 Opportunities in other countries
As described above, the model is sufficient for a majority of electronic products. Since this model is
developed not in a particular cultural context considering just the lifecycle of a generic electronic
product, we can see that it can be applicable in any country. We have ratified this by simulating the
material and financial flows within the system in varied countries such as Switzerland, India and USA.
In addition we have also used this model to depict the flow in Mauritius.

Thus, we can safely conclude that this can be used in any number of countries. Since this research is
focused around Mauritius, I think that this model is particularly useful for island countries where there
is a scarcity of land and an urgency to tackle the waste problem. Many Small Island Developing States
(SIDS) have special disadvantages given their small size, insularity, remoteness and proneness to
natural disasters and can be summarized as below: (Briguglio L., World Development, Vol. 23, No. 9,
pp. 1615-1632, 1995)
- Limited size and access to natural resources

Small Size

- Limitations in Import Substitution possibilities
- Small domestic markets and dependence on export markets
- Dependence on narrow range of products
- Limited ability to influence domestic prices
- Limited economies of scale
- Problems with Public Administration around training and finding effective
solutions
Insularity
remoteness

and

- High transport cost
- Uncertainties of supply
- Large stocks

Given these factors unique to small island developing countries, development, let alone sustainable
development is a big challenge. SIDS appear to be the most vulnerable group of countries in the
world, in terms of their ecology and economy. They face a multiplicity of challenges and constraints,
related to their ecological fragility and environmental vulnerability in their path to achieve sustainable
development. SIDS have a most intricate and sensitive relationship between their environment, socioeconomy and culture and environmental vulnerability is a critical issue. The greatest environmental
threat facing most of the SIDS is climate change and its associated impacts through sea-level rise and

increased frequency of extreme weather events(Source: Ghina F., Environment,

Development

and

Sustainability, Volume 5, Numbers 1-2 / March, 2003). For island developing states, small national
economies and deep integration into global markets make them especially open to the vicissitudes of
economic globalization (Source: Fairburn, T., 1999, "Pacific island economies and economic
performance, growth prospects and the impact of the Asian crisis" Asian- Pacific Economic Literature
12 (2), 43-56.). Relative prosperity is often built on fragile economic foundations. Sustainability
however is a key policy objective for any of these countries especially because of the large dependence
on tourism and ensuring that the limited natural resources are cared for. I therefore think that this
research is especially relevant for these types of countries and would help them in developing local
infrastructure and sufficiency. Perhaps most critical of all for island states is that a rising focus on
building local resiliency does not detract from international efforts to reduce economic and
environmental pressures resulting in risk for small island states (Source: M. Pelling, J.I. Uitto /
Environmental Hazards 3 (2001) 49-62). Therefore I think that this research is particularly relevant to
other Small island developing countries since the work is generic enough to be adapted for a particular
context.

Chapter 7: Conclusion

Mauritius presents us with a very unique opportunity to address the problem of electronic waste.
Mauritius is a developing island country nation without the access to land or a lot of the technology
that is available in the developed world. Mauritius is also unique in terms of its size and economy: it is
a small country with a relatively higher per capita income and can afford to spend money and
resources on conservation. Tourism is a major contributor to the economy in Mauritius and it is in the
interest of the Government to maintain the ecological health of the island to ensure future revenues
and income from tourism.
Given these unique constraints, Mauritius also presents itself as a unique testing environment of some
of the policies. Given its small size and bounded nature, it is a bit easier to get things done and work
with the government. The limited size also means that the number of people involved in the project is
relatively much less than in other countries and this is a great benefit in getting things done in this
context.
This paper is mainly directed to the Government of Mauritius, Ministry of Local Government and the
University of Technology Mauritius to help them by providing a frame work and set of options to
think about policy and infrastructure required to tackle the problem of e-waste in particular with the
broader context of recycling and sustainability. It is observed that most of the Government officials
are busy with day to day operations and firefighting. The hope from this report is to give them a sense
of perspective and the breathing space to think about the problems holistically.
This project can be summarized as a sequence of steps. Initially, I started with conducting a literature
review of the available technical and policy recommendations with the context of electronic waste. I
then studied the text and implementation of WEEE, RoHS and similar legislations in different
countries and build a lifecycle model of the electronic waste. We then took a case study of a CRT
monitor and built an end-to-end lifecycle model for its components. This model was then used to
graphically display the policy and current state material and financial flows in three countries. These
three case studies represent the extremes: Switzerland and US being a wealthy developed country and
India being a relatively poor and developing nation. Mauritius given its unique economic position falls
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in between these two extremes. We then use this model to simulate a sustainable possible material and
financial flow in Mauritius.
While in Mauritius, we conducted a door-to-door survey examining the contents of electronic waste in
households to gain an understanding into the type of waste that can be expected. This survey was very
useful and is the first step in characterizing the waste profile in Mauritius and has led to an island wide
survey. The survey has been extended by Research Assistants in the University of Technology
Mauritius to conduct island wide study on the characterization of electronic waste in the country. This
is being done in addition to profiling activity conducted by the Ministry of Local Government at the
transfer stations. This survey shows important components of electronic waste in Mauritius. After
modeling these elements in our framework we identified possible policy objectives and means to
achieve them based on the unique circumstances of Mauritius.
We then analyzed the effects of these policies and implementation with regard to number of critical
factors that affect the economy and society including job creation, reduction of hazardous waste,
creating of recycling / remanufacturing industry.
When starting out, this research and work had four major objectives:
- Building of a holistic policy framework based on existing literature and implementation in a number
of countries.
- Characterization of waste in Mauritius to identify potential waste coming in to the processing cycle
once a collection policy is implemented
- Development of a plan to transform the existing infrastructure of transfer stations to a material
recovery and waste sorting facility.
- Using the model developed above to provide a scientific framework to analyze the policy steps
currently in place and identify potential opportunities for future policy development for the country.
Extensive literature review was undertaken to develop the end-to-end model to think about the
problem of electronic waste. Tackling the problem of electronic waste is complex because of the large
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number of variables that are in play. Anyone dealing with this is confronted with a number of
interrelated factors and stakeholders. This literature and review and the framework developed will help
in organizing the stake holders and lay out the various forces in play. The framework and the way in
which we have analyzed the material and financial flows provides for Switzerland, California, India and
Mauritius and the analysis performed provide value to the research. This framework was then applied
to Mauritius and its unique context based on the e-waste profiling activity conducted. Transformation
of transfer stations in to material recovery facilities is one of the steps undertaken by the Government
of Mauritius to develop capacity to handle electronic waste. One of the key considerations for the
Government is to utilize its existing infrastructure to its fullest before making significant investments
in new equipment and plans. The plan proposed in the research to upgrade the existing Roche Bois
transfer station to a Material Recovery Facility is a first step and can be used by the Government as a
base case idea while issuing contractors to private investors to build the station. The design proposed
is developed after extensive review of available products and my experience with Honda of America
Manufacturing professionally as a Project Improvement Specialist. During my time at Honda, we
worked extensively in modifying plant layouts, factory floors and installing new machinery to
accommodate growing business and new car models. After initial drawing recommendations, I
consulted with engineers at the Ministry of Local Government to refine the drawings and get a local
perspective and do sanity checks on the design. This interaction with the engineers helped in refining
the design and making modifications to the existing design by incorporate local context and the
extensive experience of the staff at the Ministry.
While the recommendations for policy options are subjective the model developed is not. It has been
derived from research and a detailed literature review. This model could be used to analyze potential
policy options in the future by the Government. By comparing the current material and financial flows
for CRT e-waste in three countries, I have provided a method to undertake this exercise in detail in the
context of Mauritius. This will be helpful in the long term when thinking about electronic waste policy
options for the country.
This work is aimed at helping the Government of Mauritius and other stakeholders to think
systematically and scientifically about framing a policy and practice to develop an integrated
management program. It can be used by anyone in any country/ community who is interested in
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addressing the problem of electronic waste in their local context. As far as Mauritius is concerned, I
understand that some of the local context is unavailable for me because the fact that I am not from
Mauritius, it is hoped that this framework will guide future thought and work in the University of
Mauritius while thinking of electronic waste in the country. Electronic waste is a growing problem in
Mauritius and the world. The quantities of electronic waste are predicted to increase in the coming
years as increased economic activity, income and drop in price of electronics will lead to more
consumption. In Mauritius it is particularly severe because of the lack of land and the fact that it is an
island nation and there is no formal recycling or remanufacturing industry in place. It is hoped that this
research will go a long way of developing a sustainable policy and infrastructure to tackle this problem.
A complex problem like electronic waste just like other major problems affecting the world like Global
Warming has no easy solutions and has to be tackled from a number of different directions. In the
case of Mauritius, we are tackling it on the supply and demand side holistically and giving the
Government a set of tools and a model to think about building a policy that is suited for Mauritius. It
is hoped that these will help the Government by giving them a platform to engage the various
stakeholders in the conversation around policy development. I also hope that this will act as a basis for
future work at the University of Technology, Mauritius and focus their efforts and make better use of
their time and resources.
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APPENDIX 1: LIST OF FIGURES
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FIGURE 3: MODEL FOR INDIA
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FIGURE 4: MODEL FOR CALIFORNIA
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FIGURE 6: HIGH LEVEL SCHEDULE OF PROJECT
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FIGURE 7: COMPARISON OF CURRENT SITUATION
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FIGURE 8: MAURITIUS POLICY OBJECTIVES AND ACTIVITIES.
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FIGURE 9: SAMPLE UNFILLED SURVEY

Household Level Ewaste collection survey
What isewaste?

Date

/Jan/2008

Ewaste is a wastetype consisting of any broken or unwanted electrical or electronic appliance.

What area do you live?
1 (e.g. Curepipe)

2 Number of People in the household

3

Yearly householdincome
(circle one)

A

Below Rs.100,000

8 Between100,000 to 300,000

C

Over Rs. 300,000

4 What kind of electronic waste do you store in your house? Please enter all that apply.
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Home Entertainment

Household
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2 ForQuestion4 pleaseestimatequantity storedin the housetheir condition.
3 ForQuestion5 pleaseestimatequantity disposedand fill in anyadditional electronicwaste that you dispose.
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FIGURE 13: COMPILED SURVEY RESULTS: ALL CATEGORIES
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FIGURE 14: INDIVIDUAL CATEGORY SURVEY RESULTS
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APPENDIX 2: MAP OF MAURITIUS
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