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Abstract — Tanzania is undergoing an unprecedented
boom of IT industries. But awareness of environmental
issues connected with ICT is almost nonexistent in Tan-
zania. ICT development without an eye on environmen-
tal protection is not sustainable. As of 2009 Tumaini
University’s B.Sc. program in IT has included a Green
Computing course as an obligatory part of IT studies.
That course aims at raising students’ awareness of envi-
ronmental issues caused by IT, at giving them knowledge
about laws and regulations concerning the issue, and at
equipping them with tools and knowledge for making
informed choices concerning IT installations. In this
paper we analyze Tanzania’s educational needs concern-
ing Green Computing and present Tumaini’s Green
Computing course.

Index Terms - 1T education, environmental issues, green
computing, IT curriculum, IT legislation, contextualized IT
curriculum

INTRODUCTION

Tumaini University is a private Tanzanian university, con-
sisting of six campuses, the biggest of which is Iringa Uni-
versity College at Iringa town, capital of Iringa region. Irin-
ga is located in a rural and mountainous area 502 km (312
mi) west from Dar es Salaam; the main source of income in
the area is agriculture. The college has around 2700 students
with a roughly equal male/female ratio. The student profile
reflects the variety of cultural backgrounds in sub-Saharan
Africa in terms of, e.g., religion, ethnicity, and tribe [19].

Following several years of program planning ([1], [3],
[19], [23], [24]), in September 2007 Tumaini University
launched a contextualized B.Sc. program in IT (Information
Technology). The curriculum was designed to meet the
needs of Tanzania, with a focus on the rural Iringa region.
The curriculum was based on six principles, which were
designed to promote teaching that was context-sensitive,
based on problem-solving projects, oriented strongly to-
wards practice and activity, interdisciplinary in design and
implementation, of an internationally recognized standard,
and based on research [1].

In the course of implementation of the new curriculum,
a number of educational aspects needed to be rethought
([21], [22]). Firstly, in a contextualized curriculum the peda-
gogical approach must resonate with students’ and teachers’
learning styles. Secondly, the scope of IT education in rural
Tanzania must be, in some senses, broader than the scope of
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IT education in industrialized countries [21]. Thirdly, selec-
tion and emphasis of topics must meet the needs of Tanza-
nian society and Iringa region. Fourthly, a plethora of cultur-
al, technical, environmental, and other contextual issues
must be understood and taken into account in curriculum and
course design ([21], [22]).

However, although environmental issues were taken in-
to account in program design by teaching students how to
protect computing machinery from the hostile environment
of Tanzania, protection of environment was not considered
in curriculum design at all. Neither in the design phase of the
curriculum, nor in the early phases of the curriculum imple-
mentation, did it occur to the program designers and pro-
gram administration that standards of environmental protec-
tion and awareness of environmental conservation issues are
seriously lacking in Tanzania. Although Tanzania has na-
tion-wide environmental programs and some education on
environmental protection, general awareness of environmen-
tal threats caused by computing and communication machi-
nery is almost nonexistent.

Environmental sustainability is not only a function of
devices. It is also about consumption culture—about ways of
using the device, about chances of re-using it, and about
ways of disposing of the device [8]; as well as about the
support and regulation mechanisms that a society or manu-
facturer has put in place. In Tanzania we have never seen,
for instance, batteries being collected for responsible repro-
cessing—instead, we have seen all kinds of batteries, includ-
ing lead-acid car batteries, being buried at backyards. We
have never seen computer and monitor cases being sent for
recycling; instead, we have seen broken ICT (Information
and Communication Technology) equipment being buried or
burned along with other trash—that equipment includes
computer and cell phone parts, plastic cases, circuit boards,
batteries, and so forth. Similarly, power management, life
cycle analysis, recycling, controlled waste disposal, national
laws, and international regulations are mostly unknown to
ICT users and professionals in Tanzania.

Industrialized countries have, for a long time, recog-
nized the threats of pollution and environmental hazards that
ICT machinery cause, and many countries have set up strin-
gent environmental regulations concerning ICT. There are
also a number of international conventions and agreements
that have an effect on ICT-related waste. Many industria-
lized countries have effective and efficient recollection and
recycling schemes, and often regulations are strictly en-
forced. Accordingly, there is no shortage of green computing
initiatives in industrialized countries (e.g., [25], [27], [28]).
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Industrialized countries have initiated various environ-
mental protection projects in Tanzania, but sustainable de-
velopment cannot be imported from outside—it must start
from within. In order to educate our IT students towards
responsible development of Tanzania’s ICT sector, we de-
cided to add, in our IT curriculum, an obligatory course on
environmental issues. For the design of the new green com-
puting course, we brought together three staff members from
different faculties of Iringa University College.

This two credit-point course, named “Green Compu-
ting”, is aimed at making students aware of the importance
of environmental issues and hazards concerning ICT; at
giving them skills and knowledge about how to face those
environmental issues and how to reduce or eliminate envi-
ronmental stress caused by ICT; at familiarizing them with
national and international environmental regulations con-
nected with ICT; and at teaching them standard models of
waste management. The addition of this obligatory course to
Tumaini’s IT program is a pioneering move in universities in
East Africa, and it strengthens the status of Tumaini’s IT
program as the most modern and context-sensitive IT pro-
gram in East Africa.

In this paper we outline the contents and arrangement of
our course on green computing. First, we analyze the envi-
ronmental hazards and environmental issues associated with
computing industry; second, we present some of the interna-
tional, African, and Tanzanian laws and regulations that are
related to ICT industry; third, we present our course outline
and discuss some of the key ideas we wish to convey to our
students in this course; fourth, we finish with conclusions,
recommendations, and plans for future work.

HAZARDS AND ISSUES

The number of hazardous substances associated with compu-
ting equipment is dizzying. The substances include asbestos,
cadmium, hexavalent chromium, lead, organotin, polybro-
minated biphenyl (PBBs), polybrominated diphenyl ethers
(PBDESs), polychlorinated biphenyls (PCBs), polychlori-
nated dibensodioxins (PCDDs), polychlorinated terphenyls
(PCTs), red phosphorus, short chain chlorinated paraffin
(SCCPs), arsenic, brominated compounds (including TBBP-
A), chlorinated compounds, mercury, phthalates (including
DEHP, DBP, BBP, and DINP), brominated flame retardants
(BFRs), and sulphuric acid.

The effects of those substances on humans are disastr-
ous. Some of the substances above are carcinogens or muta-
gens (e.g., Cd, asbestos, Cr(VI), SCCPs, As, PCDDs). Some
of them, such as lead, are neurotoxins. Some of them, such
as PBBs, cause immune system problems. Some cause birth
defects (e.g., PCDDs, pthalates), and all are associated with
some health risks. Many of them cause long-lasting damage
to the ecosystem—especially damaging are persistent organ-
ic pollutants and heavy metals that do not decay or degrade,
but bioaccumulate and biomagnify (e.g., organotin, PBDEs,
SCCPs, mercury, arsenic, cadmium). If not disposed proper-
ly, many liquid or water-soluble substances slowly percolate
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down through the soil strata to the groundwater, contaminat-
ing the soil and/or the groundwater (e.g., As, sulphuric acid).

The whole production and life span of computing
equipment is much longer than students usually perceive it
to be (see Figure 1). The life span starts from producing the
basic materials—for instance, producing metals usually
requires blasting ore out of rock, extracting it with toxic
chemicals, smelting it in blazing furnaces, and refining it
[25]. All around Africa, including Tanzania, there are exam-
ples of serious pollution and deforestation due to the mining
industry [31]. The process continues with transportation to
manufacturing sites and assembly sites, packaging, shipping,
and selling [25]. Most of those steps are highly energy-
intensive [16]. Only after this process begins the life span
that IT professionals usually perceive (Figure 1). Note, how-
ever, that in Figure 1 the most heavily polluting parts of the
life span of computing equipment usually take place in the
developing world, whereas the most economically produc-
tive parts take place in the industrialized world.
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FIGURE 1: LIFE SPAN OF ICT EQUIPMENT

But when the usually perceived life cycle of computing
equipment ends, equipment still has a long way to go: it goes
for component re-use, recycling, and finally for final waste
disposal. Alas, computing equipment rarely gets a dignified
end in a proper recycling plant, but often the last stretch of
equipment life takes place in developing countries where
regulation is lax or non-existent. China and West Africa
have the most alarming examples of irresponsible e-waste
“recycling”. The methods are crude: poor people from pea-
sant background burn, in the open air, computers, wires, and
equipment to get rid of the plastic covers, and then sift
through the pile of ash to collect metals [32]. Needless to
say, the fumes and ash are highly toxic ([14], [32]). The
same people use coal grills to release valuable chips from
circuit boards, and burn residual useless plastics or dump it
in the nature, rice fields, irrigation canals, or waterways [32].
Chinese researchers who studied the Guiyu area in China
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reported: “These extremely hazardous and dangerous E-
waste “recycling” operations render the air, water and soil
of Guiyu heavily polluted, which also poses a threat to the
health of workers and local residents” [32].

The “recycling” of e-waste in Guiyu has polluted the
area so thoroughly that drinking water is brought in from 30
kilometers away, as the water near the open burning sites
contains lead 190 times over the WHO (World Health Or-
ganization) lead threshold [32]. The high lead levels affect
the development of the central nervous system and IQ (Intel-
ligence Quotient) of young children in the area, and the area
has unusually high levels of skin damage, headaches, verti-
g0, nausea, chronic gastritis, and gastric and duodenal ulcers
[32]. In another study, researchers found out that compared
to a non e-waste site 30 kilometers away from Guiyu, the
road dust in Guiyu area had 371 times higher concentration
of lead and 155 times higher concentration of copper [14]. In
Africa, the Lagos port in Nigeria has been claimed to receive
500 containers of used computing equipment per month [7],
and there are similar “recycling” operations as in Guiyu. Our
students must understand the destructive consequences of
uncontrolled e-waste disposal.

LAWS AND REGULATIONS

The concept sustainable development was defined in the
famous Brundtland Report of the World Commission on
Environment and Development (WCED) two decades back,
as “development that meets the needs of the present without
compromising the ability of future generations to meet their
own needs” [29]. At the core of this notion is the element of
conciliation between the natural environment and economic
growth [3]. Any economic development policy that ignores
environmental consideration fails the test of sustainable
development [3]. In a similar manner, sustainable ICT de-
velopment takes into account environmental considerations.
There are a good number of international, regional, and
national regulations on hazardous waste in place, and in our
green computing course we discuss a number of central
ones.

International and Regional Conventions

In Tanzania neglect of environmental issues is, above all, a
sociocultural and economic issue. One of the effective ways
of addressing social concerns in Tanzania is through adop-
tion and enforcement of policies and legislation. Most of the
western world has already responded to the issue of e-waste
via legislation. In Tanzania the relevant conventions regulat-
ing hazardous waste are the Basel Convention on the Control
of Transboundary Movement of Hazardous Waste and their
Disposal, and the Bamako Convention on the Ban of the
Import into Africa and the Control of Transboundary
Movement of Hazardous Wastes into Africa. While Basel is
a global convention, Bamako is limited to Africa.

The Basel Convention [12] was adopted in 1989, and it
is aimed at regulating transboundary movement of hazardous
waste. There are a number of important provisions in the
Basel Convention. The convention aims, among other
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things, at minimizing international trade on hazardous waste;
at demanding that such waste cannot leave the exporting
country without written consent of the importing country;
and at requiring that international standards are followed on
packaging, labeling, and transporting hazardous waste ([12],
Art 4.2 (a/d), Art 4.1 (c), Art 4.7 (b)).

But having the regulations in place is not enough. The
Basel Convention has been criticized on grounds that rather
than ban the trade of hazardous waste, including e-waste, it
only regulates the trade, thus inadvertently promoting it [5].
Other grounds on criticism include the convention’s failure
to make provision for stopping shipment that has not ob-
tained prior consent from the importing state authorities;
vague definitions of key terms such as “hazardous waste”
and “environmentally sound”; and the fact that the conven-
tion permits bilateral waste trade [5].

What is more, many industrialized nations, including the
largest producers of e-waste, have not ratified the Basel
Convention, and many industrialized countries even make it
to the Basel Hall of Shame for actively undermining the
Basel Convention’s aim of ending dumping of hazardous
wastes from rich to poorer nations (www.basel.int). The
term “re-use” has effectively become a pretext for exporting
junk that is essentially waste. The Basel Action Network
found that 75% of computing equipment, which was brought
to Nigeria for “re-use”, was strictly e-waste, beyond repara-
tion by even excellent electronic engineers [3]. Additionally,
a large percentage of functioning computers donated to de-
veloping countries are already outdated at the moment of
“donation”, hence attributing to nothing more than waste
dumping. Also our university has received proposals for
“donating” obsolete computers, as if the African magic
would breathe new life into them.

The Bamako Convention was adopted by 51 African
countries in Bamako, Mali, in 1991. One of the major moti-
vations was the fact that African countries considered the
Basel Convention inadequate and wanted to ban the import
of hazardous waste into Africa [12]. In addition, this conven-
tion was aimed at introducing preventive measures and at
guaranteeing appropriate disposal of hazardous waste. The
provisions of the Bamako Convention largely mirror those
of the Basel, with some differences. An important difference
is that the Bamako Convention criminalizes import of ha-
zardous waste into Africa from outside the region and from
non-contracting parties (Art 4.1) [12]. The convention also
prohibits dumping hazardous waste at sea as well as incine-
rating it (Art 4.3 (b)) [12]. Tanzania ratified Bamako Con-
vention in 1993.

National Regulations

At national level in Tanzania, the main legislation pertaining
to environmental governance is the Environmental Man-
agement Act, No.20 of 2004. Section (e) under part IX of
this act specifically addresses management of hazardous
waste. The provisions dealing with hazardous waste largely
regulate movement of this waste. Under section 135, subsec-
tion 3, those who generate hazardous waste are responsible
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for its disposal. The subsequent section alludes to the fact
that hazardous waste may be deposited into soil, air, or wa-
ter. But there is an apparent deficiency in this legislation as
far as e-waste is concerned. Compared, for instance, to the
EU regulations [6], there is a need to enact more specific
regulations that will comprehensively address management
and disposal of e-waste in Tanzania.

Like many other African countries, in Tanzania the cur-
rent legal and regulatory framework is deficient. Not much
has been done in the area of e-waste management or other
issues of ICT-related pollution. As future professionals, IT
students have the potential to contribute towards the devel-
opment and enactment of the relevant legislation in this area.
Similarly, as technical experts, IT students have the potential
to review any existing laws and make relevant suggestions
for amendments. Being aware of the issues and threats, the
future ICT experts have the potential to invent new ways of
addressing ecological and environmental issues—ways that
are conducive to the third world situation. To introduce ICT
and simply encourage its use as purely beneficial—without
pointing out the costs associated with its use—would be
deceptive. Morally speaking, it is important that ICT is em-
braced in an open manner—in a manner that openly criticiz-
es its negative aspects and seeks ways of improving its bene-
fits.

COURSE OUTLINE

This course has some main aims. First and foremost, this
course is aimed at making students aware of the seriousness
of ICT-related pollution and ICT-induced stress to the envi-
ronment. Second, students learn to understand the environ-
mental effects of computing installations, and to weigh the
trade-offs between those effects [9]. We would like to instill
in our students the attitude that environmental issues are all
about small choices that they can make, and we would like
to give them knowledge and mental tools to do the right
choices. Finally, we wish to give our students a good overall
understanding of legislation—which functions as another
tool for environmental protection.

Although for us this course seems like an obvious part
of any sustainable and responsible computing curriculum,
the course seems to be a rare one, especially as an obligatory
IT course. The model curricula of Association for Compu-
ting Machinery (ACM) and Institute for Electrical and Elec-
tronic Engineers’ Computer Society (IEEE-CS) do not deal
with environmental issues. The model curriculum of ACM’s
special interest group for IT education (SIGITE) does not
mention environmental issues at all [18]. Neither the
IEEE/ACM computer science model curriculum from 2001
nor the IEEE/ACM computer engineering model curriculum
from 2004 mention environmental issues even under the
“risks and liabilities” section of social and professional is-
sues ([10], [11]). It seems that the computing community has
only lately come to realize or acknowledge the environmen-
tal risks of computing industry and the environmental re-
sponsibilities of computing professionals. In other technical
fields such issues are a part of standard technological litera-
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cy (e.g., [9], 65-72). As a web search finds a number of
green computing courses around the world, it seems that the
situation is changing.

Course Topics

We have divided our course into 6 topics that span over 15
weeks. Those topics are portrayed in Figure 2. In addition,
Figure 2 shows the weekly topics in the course.

Introduction

Risks to Nature and People

Laws and “ Laws and Regulations
Policies and Principles

A Kesssment Toos___
m Life Cycle Assessment

(___ Energy Efficiency
Technical
Solutions

A Fowe Harsgement_J
t_‘m

Making Choices

Disposing
E I.c T for Environmental Technologies
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FIGURE 2: COURSE OUTLINE

Our environmental technology course starts with an intro-
duction to general environmental issues concerning informa-
tion and communication technology. We have made the
introduction to this course a shocking one so as to make
students understand the seriousness of environmental issues
to the future of Tanzania. We talk about the environmental
issues related to manufacturing and shipping computing
technology, including the exploitation of African resources
and the environmental disasters that have resulted from
reckless mining and refining industries that produce material
for electronics components manufacturers. We talk about the
hazardous materials that e-waste contains and about the
effects of those materials on people. Concerning this topic,
students do a small survey on habits that local people have in
disposal of electronic equipment, they analyze the risks that
those habits bear, and they think about ways of educating the
public about e-waste concerns.

After the introduction, as the second topic, we proceed
to talk about different international and national laws and
regulations and proceed with a small practice study about
environmental awareness in Iringa. Here we contrast the
regulations of many EU countries and U.S. states with the
Tanzanian and African regulations. We introduce students to
ideas like Polluter Pays Principle (PPP), Extended Producer
Responsibility (EPR), Integrated Product Policy (IPP) and
take back-systems. Concerning this topic, students discuss,
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in small groups, the problems of differing regulations, and
suggest solutions for that problem.

Third, we introduce students to a number of environ-
mental assessment tools. The environmental assessment
tools to be highlighted in this course are Strategic Environ-
ment Assessment (SEA), which deals with policies and
programs; Environmental Impact Assessment (EIA) for
planned computer activities; Material Intensity Per Unit
Service (MIPS), which deals with how much materials are
used and size of the ecological rucksack of computers; Eco-
logical Footprint Risk Assessment, which assesses dose
response and risk characterization; and Energy Star’s as-
sessment system (Www.energystar.gov).

In addition, this course acquaints students with Life
Cycle Assessment (LCA) methods. Using LCA students
learn how to analyze emissions from the point of manufac-
turing to the point of disposing. The assessment is done at
each phase of equipment life span. It starts with mining the
raw materials, manufacturing of the computers and its re-
lated products, packaging of computers, transporting com-
puter equipment to the market, energy use of computer dur-
ing their operation, and energy required for recycling and
disposing. Concerning this topic, students work in small
groups to select and use one of the analysis tools above, and
conduct a small analysis of a hypothetical computer installa-
tion in rural Tanzania. Each group reports their analysis and
submits the results for the whole class for deliberation.

Our fourth topic has two subtopics. We talk about ener-
gy efficiency—a very topical issue in sub-Saharan Africa
where there is acute shortage of electric power. Although
100% of Tanzania’s national grid power is hydroelectric
power, the growing needs are already now straining the
capacity. We begin with fundamentals of energy efficiency
by teaching students how to identify those parts of compu-
ting systems that consume the most energy; for this purpose
we use Sankey Diagrams and other similar tools. We discuss
different green computing initiatives that aim at energy effi-
ciency, ACPI (Advanced Configuration and Power Inter-
face) power management (www.acpi.info), and cooling [17].
We note the significant economic savings per year—up to
$75 per computer—from taking energy saving measures on
desktop computers [27], and we teach students to measure
and calculate such savings.

In the context of technical solutions, we talk about sim-
ple ways of harnessing green ICT [15], such as unplugging
equipment that is not in use, choosing energy-efficient com-
ponents, virtualization techniques, eliminating phantom
loads, and using technical and psychological means to mi-
nimize needless printing and maximize efficiency of using
resources ([20], [27]). Students learn how to measure energy
consumption using cheap measuring equipment, they learn
how to calculate costs associated with computer use and
phantom load, and they compare laptop vs. desktop power
consumption as well as CRT (Cathode Ray Tube) monitor
vs. TFT (Thin-film Transistor) monitor power consumption
[20]. Students undertake a project where they measure the
power consumption of different kinds of computer set-ups,
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and calculate the power and cost savings of energy-efficient
hardware on the scales of one workstation, one small com-
pany, one large company, and national scale.

Our fifth topic in the course is management of electronic
waste. First, we discuss and broadly define the concept of e-
waste. Computers and mobile phones create a difficult dis-
posal problem because they contain large quantities of toxic
materials and because their life span is short [30]. In addi-
tion, only a fraction of computers and mobile phones is re-
used or recycled—most are dumped on landfills [30]. The-
reafter, we classify different kinds of e-waste and locate
them in the waste management pyramid that consists of
strategies for avoiding creation of waste, reuse strategies,
recycling options, disposing to landfills, and means of inci-
neration. We discuss the intricacies of those layers of the
waste management pyramid. We discuss ways of making e-
waste management profitable [13]. We include a topic on
disposal, storage, and transportation of computer hazardous
wastes; that topic is of utmost importance in rural Tanzania,
as hazardous waste may need to be stored for long periods of
time before there is a possibility for sending it for proper
reuse or recycling. Students undertake a small project where
they analyze the regional needs for e-waste management,
and develop a regional strategy for management of e-waste.

As our sixth topic we introduce students to technologies
that are aimed at environmental sustainability [28]. We fami-
liarize students with technology such as sensor networks for
monitoring conditions of environmentally sensitive areas
[26], how ICT can be used to green other industries [1], and
how smart homes can bring significant energy savings [25].

As the last topic, the course covers ethics and responsi-
bilities. We discuss environmental ethics and the rights and
responsibilities of IT professionals. We attempt to spark the
students’ awareness of their global, societal, and ecological
responsibilities as IT professionals. And finally we lead the
students back to think about how they should act so that no
country or area is turned into e-waste badlands.

CONCLUSIONS

IT education in developing countries faces challenges differ-
ent from the challenges of IT education in industrialized
countries. One of those challenges is the acute lack of know-
ledge about environmental issues among the general public
and among IT students. But it is computing professionals
who, in the end, make the decisions about what kind of
equipment is used, how its life span is designed and imple-
mented, and what happens to the equipment after it becomes
obsolete or breaks.

We have answered this issue by including, in our IT cur-
riculum, an obligatory course on green computing—a course
that is absent from the standard IT curricula and that is rare
in computing curricula around the world. Although the name
“Green Computing” has a slightly fad-like transitory ring,
environmental concerns of technology endure. By offering
students knowledge that is vital to the future of Iringa region
and Tanzania, this course supports Tumaini University’s
unique contextualized viewpoint to IT education.

October 18 - 21, 2009, San Antonio, TX

39" ASEE/IEEE Frontiers in Education Conference
W2D-5



ACKNOWLEDGMENTS

In addition to Tumaini University’s Office of Research and
Publications, this research was supported by Academy of
Finland grant 128577, “Improving the Contextual Impact of
ICT Education in Southern Tanzania: Engaging Stakehold-
ers Towards Innovation,” led by Prof. Erkki Sutinen, Uni-
versity of Joensuu, Finland (2009-2012). Our research group
i4d.Tanzania (http://www.info4d.org/) has also received

funding

from Kauppaneuvos Otto Malmin Lahjoitusrahasto

(2008). We wish to thank Ms. Sunna Kovanen for impetus
for developing this course.

[10]

[11]

[12]

[13]

[14]

[15]

REFERENCES

Aronson, J. S., “Making IT a Positive Force in Environmental
Change”, IT Professional, 10, 1,2008, 43—45.

Bangu, N., Haapakorpi, R., Lund, H. H., Myller, N., Ngumbuke,
F., Sutinen, E., & Vesisenaho, M., “Information Technology
Degree Curriculum in Tanzanian Context”, Proceedings of the
IST-Africa 2007 Conference, (Eds. P. Cunningham & M. Cun-
ningham), Maputo, Mozambique, May 9-May 11, 2007,
CDROM.

Basel Action Network, “Turn Back the Toxic Tide”, Briefing
Paper 10, June 2008.

Birnie, P. & Boyle, A., International Law and the Environment,
2nd ed., Oxford, UK: Oxford University Press, 2002.

Clapp, J., “The Toxic Waste Trade with Less-Industrialised
Countries: Economic Linkages and Political Alliances”, The
Third World Quarterly, 15,3, 1994, 505-518.

European Union, Directive 2002/96/EC of the European Par-
liament and of the Council of 27 January 2003 on Waste Elec-
trical and Electronic Equipment, 2003.

Grier, D. A., “Click Here to Empty Trash”, IEEE Computer, 41,
9, 2009, 6-8.

Huang, E. M., Yatani, K., Truong, K. N., Kientz, J.A. & Patel,
S.N., “Understanding Mobile Phone Situated Sustainability: The
Influence of Local Constraints and Practices on Transferability”,
Pervasive Computing, 8, 1,2009, 46-53.

International Technology Education Association, Standards for
Technological Literacy: Content for the Study of Technology,
3rd ed., 2007.

Joint Task Force on Computing Curricula, Computer Curricula
2001: Computer Science, IEEE Computer Society and Associa-
tion for Computing Machinery, 2001.

Joint Task Force on Computing Curricula, Computer Engineer-
ing 2004: Curriculum Guidelines for Undergraduate Degree
Programs in Computer Engineering, IEEE Computer Society
and Association for Computing Machinery, 2004.

Kiss, A. & Shelton, D., International Environmental Law, 3rd
ed., Ardsley, NY, USA, Transnational Publishers Inc, 2004.

Krikke, J., “Recycling e-Waste: The Sky Is the Limit”, /T Pro-
fessional, 10, 1, 2008, 50-55.

Leung, A. O. W., Duzgoren-Aydin, N. S., Cheung, K. C. &
Wong, M. H., “Heavy Metals Concentrations of Surface Dust
from e-Waste Recycling and Its Human Health Implications in
Southeast China”, Environmental Science & Technology, 42,7,
2008, 2674-2680.

Murugesan, S., “Harnessing Green IT: Principles and Practices”,
IT Professional, 10, 1, 2008, 24-33.

978-1-4244-4714-5/09/$25.00 ©2009 IEEE
39" ASEE/IEEE Frontiers in Education Conference

W2D-6

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

(27]

(28]

[29]

[30]

(311

[32]

Session W2D

Oliver, J. Y., Amirtharajah, R., Akella, V., Geyer, R. & Chong,
F. T., “Life Cycle Aware Computing: Reusing Silicon Technol-
ogy”, IEEE Computer, 40, 12,2007, 56-61.

Przybyla, D. & Pegah, M., “Dealing with the Veiled Devil: Eco-
Responsible Computing Strategy”, Proceedings of the 35th An-
nual ACM SIGUCCS Conference on User Services, Orlando,
Florida, USA, 2007, 296-301.

SIGITE Curriculum Committee, I7 2005 Model Curriculum Re-
port, October 2005. Retrieved from
http://www.acm.org/education/curric_vols/IT_October 2005.pdf

Sutinen, E. & Vesisenaho, M., “Ethnocomputing in Tanzania:
Design and Analysis of a Contextualized ICT Course”, Research
and Practice in Technology Enhanced Learning, 1, 3, 2006,
239-267.

Talebi, M. & Way, T., “Methods, Metrics and Motivation for a
Green Computer Science Program”, Proceedings Of The 40th
ACM Technical Symposium On Computer Science Education,
Chattanooga, TN, USA, 2009, 362-366.

Tedre, M., Bangu, N., & Nyagava, S. 1., “Contextualized IT
Education in Tanzania: Beyond Standard IT Curricula”, Journal
of Information Technology Education, 8, 1,2009, 101-124.

Tedre, M., Sutinen, E., Ngumbuke, F. D. & Bangu, N., “Imple-

menting a Contextualized IT Curriculum: Ambitions and Ambi-
guities”, Presented at the 8tk Koli Calling International Confe-

rence on Computing Education Research, Lieksa, Finland, No-

vember 17-20, 2008.

Vesisenaho, M., Developing University-Level Introductory ICT
Education in Tanzania: A Contextualized Approach, Joensuu,
Finland, University of Joensuu Press, 2007.

Vesisenaho, M., Kemppainen, J., Islas Sedano, C., Tedre, M. &
Sutinen, E., “Contextualizing ICT in Africa: The Development
of the CATI model in Tanzanian Higher Education”, African
Journal of Information and Communication Technology, 2, 2,
2006, 88—109.

Want, R., “How Green Is Green?”, Pervasive Computing, 8, 1,
2009, 2-4.

Wark, T., Crossman, C., Valencia, P., Swain, D., Bishop-Hurley,
G. & Handcock, R., “Sensor and Actuator Networks: Protecting
Environmentally Sensitive Areas”, Pervasive Computing, 8, 1,
2009, 30-36.

Wilbanks, L., “Green: My Favorite Color”, IT Professional, 10,
6, 2008, 64.

Woodruff, A. & Mankoff, J., “Environmental Sustainability”,
Pervasive Computing, 8, 1, 2009, 18-21.

World Commission on Environment and Development, Our
Common Future, Oxford, UK, Oxford University Press, 1987.

World Watch Institute, State of the World 2000, W. W. Norton
& Company, New York, NY, USA, 2000.

Yager, T. R., Bermudez-Lugo, O., Mobbs, P. M., Newman, H.
R. & Wilburn, D. R., “The Mineral Industries of Africa”, 2005
Minerals Yearbook: Africa, U.S. Department of the Interior and
U.S. Geological Survey, 2007, 1.1-1.25.

Yu, X. Z., Gao, Y., Wu, S. C., Zhang, H. B., Cheung, K. C. &
Wong, M. H., “Distribution of Polycyclic Aromatic Hydrocar-
bons in Soils at Guiyu Area of China, Affected by Recycling of
Electronic Waste Using Primitive Technologies”, Chemosphere,
65,9, 2006, 1500-1509.

October 18 - 21, 2009, San Antonio, TX



AUTHOR INFORMATION

Matti Tedre, Ph.D., Assistant Professor (yliassistentti) at
University of Joensuu, Finland; Associate Professor and
Head of B.Sc. Program in IT at Tumaini University — Iringa
University College, Tanzania, firstname.lastname@acm.org.

Bukaza Chachage, Ph.D., M.Sc. in Environmental Man-
agement, Lecturer at Faculty of Business and Economics;

978-1-4244-4714-5/09/$25.00 ©2009 IEEE

Session W2D

Director of Research, Publication, and Postgraduate Studies,
Tumaini University — Iringa University College, Tanzania,
firstname.lastname@tumaini.ac.tz.

Joy Faida, LLM., Lecturer of Environmental Law at Faculty

of Law, Tumaini University — Iringa University College,
Tanzania, firstname.lastname@tumaini.ac.tz.

October 18 - 21, 2009, San Antonio, TX

39" ASEE/IEEE Frontiers in Education Conference
W2D-7




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


