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“ There is tremendous intellectual talent in Zimbabwe ...”
-Manager, Zimbabwean IT company [2]

“ Changes in the economic environment and information control policy are

the solution to Zimbabwe' s troubles.”
- CEO of ISP, Zimbabwe [3]

“We need information — masses of it. Without it, our culture will die.” [4]

When one is asked to perform atelecommunications study on a contemporary South
African telecommunications plan, many can observe that while a plethora has been
written concerning general industrial development in that pertaining country, there are no
detailed studies of any of the major industries. One can then ask the same about
Zimbabwe. This situation resultsin critical gapsin our understanding, for it isonly
through such detailed studies that a number of key processes in economic and
technological development may be discerned.

From my experiences and searches on the Internet, it is notable to mention that not a
single publication on telecommunications in Zimbabwe exists. The common form of
publications typically includes papers dwelling on the physical transport and
communications (road and air) sector in Southern African Development Community, or
SADC and chronicling the postal history of Rhodesia. Only at business, economic and
investment conferences does interest in telecommunications arise. Using the anal ogy
aboveis particularly true for Zimbabwe since the lack of information and the necessary
analysis to explain the situations concurrently assuages assessments of the implications
that telecommunications reform may have for further economic and social development.
Therefore, this project did cause concern with a dearth of material since information in
the form of unpublished papers, documents, statutes and regul ations on the
telecommunications industry in Zimbabwe remains sparse.

One can aways infer that in this rapidly growing information age, telecommunications
plays a central role in economic, social and psychological development. With the relevant
and reliable telecommunications network many productive facets of a country's profile
are revolutionized. These include many productive activities in manufacturing,
agriculture and services as well as political and social interaction of al magnitudes. It is
well understood that telecommunications devel opments have provided a shift in the
wealth creation paradigm, and evidence of an efficient, modern and widely disseminated
telecommunications network is a significant determinant of the overall development
prospects of any country has been accumulating and is now widely accepted [5]. The
governing board of telecommunications, the ITU, declared in 1995 in their World
Telecommunications Devel opment Report [6] that in order to foster, spur and promote
social and economic development, rural countries such as Zimbabwe would need to
define strategies for information technology and abide by these. This was bolstered
further by Petrazzini who illustrated that telecommunications has become the ‘ nervous
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system’ of an emerging global economy in which developing countries should take
advantage of [7]. Not only would these yield the benefits mentioned briefly, countries
that would be able to apply to these suggestions would have an adequate infrastructure to
participate in the financial-oriented schemes such as the microel ectronics-led second
industria revolution.

Therefore, with the strides Zimbabwe has been making in the telecommunications world
thusfar, it is still too behind to sing praises to the promised benefits of liberalization
without considering the consequences. In the absence of universal service policies, the
less profitable rural and residential citizen will simply not be connected. With more than
75 percent of Zimbabweans leaving in the rural regions, ways and means of ensuring a
solid telecommunications plan becomes mandatory and of utter importance.

Figure 1 shows Zimbabwe from a continent per spective aswell asidentification of major cities

Zimbabwe, or Southern Rhodesia/ Rhodesia as it was known in the early 20" century, is
located in the southern part of Africa, between South Africaand Zambia at 20°S latitude
and 39°E longitude. It borders with many other countries including Pretoria, Mozambique,
Botswana and Namibia. Its capital is Harare. Zimbabwe does fit the description of a
rural-impacted country, which typically encapsulates scarcity and the absence of public
facilities such as reliable electric supply, water, access roads and regular transport. With
Zimbabwe habituating a population with low income per capita serious problems begin to
surface, and thisis not further aided with the severely underdevel oped social
infrastructures. In Zimbabwe, economic activity remains low due to itsincome primarily
based mainly on agriculture, fishing, and handicrafts to name afew. From atechnical
perspective, there is an obvious scarcity of technical personnel and thisis not alleviated
with the difficult topographical conditions which render the construction of wire
telecommunication networks costly that make critical demands on equipment. Moreover,
drastic climatic conditions, such as recurring droughts, make critical demands on the
equipment. With the financial hindrance limiting opportunities for advances, large
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numbers of people relay on a single telephone line, reflecting the scarcity of telephone
services. In attempting to achieve a stable economy and reliable maintenance to
equipment each telephone line is associated with very high calling rates. However, thisis
paradoxical sinceincomeisvery low and citizens do not have dispensable incomes.

For an area comparison of Zimbabwe, its sizeis roughly in comparison with that of
Montana, USA. Land makes up the bulk of its 390,580 square km total capacity, with
the remaining being water reserves. From the map shown above, it can be seen that
Zimbabwe remains landlocked. With its geographical location, Zimbabwe has a topical
climate, but due to varying altitudes (ranging from 162m to 2,592m) itsrain season is
moderated to occur during November to March. Itsterrain remains mainly plateau,
with afew regions with high altitudes of plateaus. Many mountains reside on the east
side of the country. In Zimbabwe, the many natural resources it confines include coal,
chromium ore, asbestos, gold, nickel, copper, iron ore, vanadium, lithium, tin and a
plethora of platinum group metals to name afew. Land remains extremely under-
utilized for crops, making up only 8.32% of total land coverage, in which permanent
crops are 0.34%. At present, there are many environmental issues that are currently
deteriorating the habitat. At present, there are many environmental issues that require
reform. These include deforestation, soil erosion, the pollution of air and water, the
poaching of the black rhinoceros herd and high toxic waste levels due to inadequate
mining strategies. Despite these apparent negatives, the tourist industry remains
inocul ated since Zimbabwe encapsul ates the beauty of the world's largest curtain of
falling water, Victoria Falls which provides somewhat of abrake or revitalization in
the downward spiraling economy. Thisis shown in Figure 2.

Figure 2 showsthe most attractive region of Zimbabwe, the Victoria Falls[8]
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2.1. POPULATION

At present, the population of entire Zimbabwe stands at 13,874,610 [9], of which rural
habitats occupy approximately 8.438million. These numbers do include the effects of
excess mortality due to diseases that are common in thisregion, including AIDS. Asa
result, thislowersthe life expectancy, increases infant mortality and death rates. Thisis
exemplified in Figure 3 which shows the annual population growth rate as a percentage.

Figure 3: Graph showing annual growth in population forecasts [10]

Therefore, it isin essence, difficult to estimate the transformations in volumes for the
future populationsin rural areas since there is much variation in the distribution of
population by age and sex. With thisin mind, the age structureisgiven in Table 1:

Age Ranges % coverage Male denomination Female Denomination
0-14 years 39.2% 2,522,609 2,474,131
15-64 years 57.1% 3,686,354 3,592,662
65 years and over 3.7% 235,478 235,756

Table 1 showsthe age structurein Zimbabwe for males and females[11]

Presently the population growth rate is approximately 0.51% (estimated for projections
for this year), which does indicate only diminutive growth. A disheartening fact that is
becoming so ubiquitous is the migration trends of Zimbabweans into neighboring
countries in search of better economic and organizational infrastructures. This even led to
Botswana and South Africa taking precautionsin order to stop the immigration of people
from Zimbabwe, attempting to flee from political persecution and looking work. Electric
fences were placed at the borders in Botswana and military line along the border of South
Africa. At present, life expectancy is approximately 39.13 years, and thisis coupled with
the fertility rate of 3.54 children born in average to every woman. However, with the
ongoing issue with AIDS, the number of deathsis continually increasing with last set of
figures numbering 170,000 deaths due to AIDS in 2003.
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2.2. PoLITICS, RELIGION AND L ANGUAGE

Since the resistance to white rule gathered pace from the late 1960s, Zimbabwe became
an independent country based on parliamentary democracy. Despite the predominant rule,
whites made up less than 1% of the population but held 70% of the country's
commercialy viable arable land, of which 80% had been purchased legally since
independence on 18 April 1980 from the United Kingdom. However, whites held no
political power. Land redistribution from whites re-emerged as the political issue
beginning in 1999. After land was redistributed to the Zimbabwean natives, they were
barred and later left the Commonwealth of Nations on charges of human rights abuses
and of election tampering, especially in 2002. Consequently, white-owned commercia
farms led to starvation on awide scale, as the production of crops ceased. Robert Mugabe,
elected Prime Minister in 1980, revised the constitution in 1987 to "crown™" himself as
President, and in 1990 he abolished the Senate. Despite the known fraud and
irregularities of the voting systems, it was common knowledge that corruption and
rigging elections had been omnipresent since the election of Mugabe. This was
emphasized in elections of 1990 in which the second-placing party, Edgar Tekere's
Zimbabwe Unity Movement won only 20% of the vote. Zimbabwe's legal system is
based on an amalgamation of Roman-Dutch and English common law.

Like many African countries, ethnic groups are dominated by Africans (98%), followed
by Asians (1%) and then whites (under 1%). Religious beliefs are more diverse, with half
of Zimbabweans following a syncretic belief (part Christian, part indigenous beliefs), a
quarter following Christianism, indigenous beliefs making up 24%, and Muslim and
other denominations making up the last 1%.

The most dominant form of language is English, followed by Shona, Sindebele and minor
tribal dialects.

2.3.LITERACY

A major development \in Zimbabwe isits literacy amongst adults and youth.
According to figures published by the GVU (Global Virtual University) — a break-off
from the UNU (United Nations University) [10], the number of literate adults has
fallen, based on data referring to the proportion that cannot, with understanding, both
read and write a short simple statement on everyday life. The following figures are
based on percentages of the rural population. Thisis shown in Figure 4.

anmallik@stanford.edu



Arindam Neil Mallik Page 8 of 58

Figure 4: Percentage of illiterate adults[10] Figure5: Percentage of literate youth [10]

However, youth literacy rate has shown aslow but gradual increase, which presents an
encouraging future for further development. Figure 5 demonstrates the percentage of
people aged 15-24 who can, with understanding, both read and write a short, simple
statement related to their everyday life. In 2004, approximately 96% of the
population's youth was comprehensible in English, with male being slightly more
dominant than female.

2.4. FINANCES AND CURRENT ECONOMY

With regards to the economy, the Zimbabwean government currently faces awide variety
of onerous problems as it struggles to consolidate earlier progressin developing a
market-oriented economy. Thisis demonstrated with Zimbabwe's hundreds of millions of
dollarslossinits war in the Democratic Republic of the Congo. In addition, with the
government's land planned reform, most often demonstrated and characterized by non-
peaceful means such as chaos and violence, has damaged the commercial farming sector
from many perspectives. Thiswas one of the primary source of exports and foreign
exchange and the provider of 400,000 jobs. This has been further aggravated by inflation
which rose grew at atorrid rate. The average annual rate of overall price change for all
goods and services included in GDP are shown in Figure 6.
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Figure 6 showstherise of inflation in Zimbabwe over the last decade [10]

From past trends, the exchange rate for Zimbabwe has increased at a rate which does
pose afinancial dilemma. It was often banal that its exchange rate value was overpriced.
Table 2 shows the exchange rate for Zimbabwe against the US dollar for the last 6 years.

Y ear 2000 2001 2002 2003 2004 2005
Exchangerate | 44.418 ZW$ | 55.052 ZW$ | 55.036 ZW$ | 697.424 ZW$ | 4,303.28 ZW$ | 60,555 ZW$
@US$1
Table 2 demonstrating financial weakness propagating through thelast 6 years[11]
From this, it can be seen that itsfinancial statusis diminishing at arapid rate. Between
March and December 2003 the Zimbabwe dollar lost over 360% of its value against the
United States dollar, but rates began to stabilize during the early months of 2004
alongside the decline in inflation and the introduction of new economic policies.
However, the latter point is not demonstrated by Table 2 due to the economy
deteriorating further.
From the Table 2, one can see that the currency has proliferated significantly. By using
[43], the currency fluctuation for 2005 is shown in Table 3.
patesol Nov Oct Sept Aug July | Jun | May | Apr | Mar | Feb | Jan
Exchange | 2005 2005 2005 2005 2005 | 2005 | 2005 | 2005 | 2005 | 2005 | 2005
Exchange
ratle@ | 57,73450 | 25001.00 | 24,001.00 | 17,700.00 | 9,679.10 | 9,015.60 | 5850.40 | 5500.40 | 5500.40 | 550040 | 5,603.90
Us$1

Table 3 showing the volatile natur e of the Zimbabwean dollar thisyear

As it can be seen from table x, the currency is losing value against the US dollar.
Zimbabwe's major problem is due to it running out of foreign currency. Other reasons for
such substantial lossesin valueis dueto a volatile amalgamation of ever increasing
domestic and external debt, crippling foreign exchange shortages, extremely poor
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weather climate, negative interest rates, and escal ating inflation due to political injustices.
In addition, with the growing crime, the extremely sensitive land reform, rising wages,
increasing fuel prices, increasing raw material costs have worsened the currency crisis,
and consequently, have commenced the erosion of the industrial and agricultural base
[41].

In greater detail, Zimbabwe also currently has issues with black market currency
exchanges that have undercut the Government and consequently invokes the public in
utilizing the black market. With Zimbabwe being plagued by high unemployment
(approximately 70%), prosperity has been receding since the 1990s. A cascade of
economic backlashes has been triggered since the government attacked international
creditors and completed the seizure of commercia farmers' land [42].

From the commercial farming aspect, Zimbabwe has been decimating its agricultural
exports (an economic asset) due to ceasing the operation of 5,000 commercial farms. The
businesses that advocated these farms collapsed as a result, ranging from irrigation
suppliersto tractor sellers[43]. This only accounts for aminority of the farming woes the
country currently encompasses. With Zimbabwe tobacco production exacerbating
production two-thirds in afive year span, the quality which was once world-class tobacco,
has |eft meager buyers, thereby reducing the possible economic aid which would be
beneficial to the country's flailing economy [42].

With the falling number of exports discussed above, exchange rates have burgeoned.
However, the government have failed to heed this warning and consequently refused to
re-estimate its currency. Ironicaly, the government has chosen to print more money,
which therefore, raised the money supply by approximately 226 percent in 2004 [42].
Thisresulted in "hyperinflation" and a thriving black market in both money and goods.

Zimbabwe's budget includes $1.325 billion revenue and expenditures of $1.593 billion.
This has not been helped either by the impact AIDS has made. Zimbabwe has the highest
rate of AIDS in the world does pose a mgor dilemmafor the country from afinancial and
economic perspective. As aresult, the western world is unlikely to provide humanitarian
aid, therefore, leaving Zimbabwe in alarge debt. Furthermore, with the deficiency of
foreign exchange, assets such as fuel, electric power and water shortages and alack of
other basic supplies have left Zimbabwe in a predicament. In 2003, Libya attempted to
aid Zimbabwe by funding a fuel-for-land proposal, but Zimbabwe was unable to make
the scheduled annuities and consequently, the assistance was terminated. Recently, an
auction begun in order to limit the currency crisis, but due to continual shortages,
Zimbabwe has been |eft crippled in a chronic state. In a state of emergency, Zimbabwe
was reported to be appealing to the South African government for US$ 1 billion of
emergency loansin July of 2005. Later that month, Zimbabwe agreed atrade deal with
China, in which Zimbabwe would provide mineral and other concessions in exchange for
economic aid.

From the economic perspective of Zimbabwe the GDP characteristics based on its
composition by sector and its growth rate is given in Table 4:

anmallik@stanford.edu
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GDP (purchase | GDP (real GDP (per GDP (composition by sector)
power parity) | growth rate) capita)
$24.37 billion -8.2% $1,900 Agriculture: | Industry: | Services:
18.1% 24.3% 57.7%

Table 4 showing the most recent GDP values of Zimbabwe (2004) [11]

Public debt is currently 52.3% of GDP. The UN has explained that Zimbabwe has
faced a plethora of chalengesin the last five years with GDP falling by 28.7%
between 1999 and 2004 and is expected to decline further by 6.5 percent in the coming
years. Annual inflation rose consistently from 228% in April 2003 to 622.8% in
January 2004, but with afall to 500% by April 2004.

As an exporter and one of the main business functions of Zimbabwe isitswealthin
agricultural products. Despite its index appearing to fall towards the end of 2003 in
Figure 7, the main products being exported is corn, cotton, tobacco, wheat, coffee,
sugarcane, peanuts; sheep, goats and pigs.

Figure 7 showsthe agricultural production per capitaindex (135 ranking) [10]

Zimbabwe's major industry is mining which involves the extraction of coal, gold,
platinum, copper, nickel, tin, clay, numerous metallic and nonmetallic ores, steel, wood
products, cement, chemicals, fertilizer, clothing and footwear, foodstuffs and beverages.
In spite of these goods, the industrial production growth rate dropped by 7.8%. Major
exporters include South Africa, Switzerland, UK, Chinaand Germany to name afew.

Finaly, the poverty gap and the population currently living below $1 a day, has increased
significantly. Due to the lack of publication of recent developments, no exact figures or
ballpark numbers are known. However, based on their current economic crisis, we can
assume that the poverty gap ratio has grown rapidly from the 1995 value of 24.2%, and
the population currently living below $1 a day has increased from 56.12% in 1995.

2.5. CLIMATE

With Zimbabwe being geographically located in the southern region of Africa, one
expects that the weather istorrid with rare occurrences of rain, as disseminated by the
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media. However, this notion isfallible. Table 5 shows the varying weather conditions
throughout atypical year [12]:

Month Periods December to April and Juneto August September October to
March May December
Usually rain season Mainly dry Dry Pleasant sunny Very hot
Day: varying from | Day: Sunny, | Day: Mild and Day: Pleasant. Day: Hot with
Weather warm to hot warm sunny high temperatures
conditions Evening: mild to Evening: Evening: Evening: Slightly | Evening: Warm
warm Cool to cold | Distinctively cold cool

The information presented in Table 5 will be particularly crucial to the technology to be
proposed because of possible weathering effects and durability of the equipment during

Table 5 showing the climate variations throughout the year [12]

temperature extremes.

2.6. TRANSPORTATION

Transportation in Zimbabwe does appear to have some form of infrastructure.
Transportation here includes the use of highways, railways, waterways and airports.
Figure 8 shows a common form of travel along Lake Kariba using boats for different
purposes such as fishing or luxury. Table 6 illustrates the transportation options prevalent
in Zimbabwe as late as 2004. No new datais known for 2005.

Highways Railways | Waterways Airports
Total: Paved: | Unpaved: 3,077km | 300km (using Total: 404
18,338km | 8,692km | 9,646km | (electrified | Lake Kariba) Paved Unpaved
rails: 313km) | SeeFigure6 | runways. 17 | runways: 387

Appendix A shows the major road and rail networks in Zimbabwe, which was rel eased

Table 6 showing transportation optionsin Zimbabwe as known from 2004 [11]

Figure 8: A map of Lake Kariba and the boats used astransportation [13]

by the UN Humanitarian Support Team for Zimbabwe [14].

anmallik@stanford.edu




Arindam Neil Mallik Page 13 of 58

Therefore, one may be able to assume that the transportation network is fairly well
established and serves many rural regions. However, this does also serve as the neural
network for illicit drugs. Many acknowledge that Zimbabwe is used as the transit point
for illegal drugs being transported to Europe and Southern Africa. These include African
cannabis and South Asian heroin, Mandrax (M ethaqual one), and methamphetamines.

2.7. COMMUNICATIONS

With the poor telecommunications infrastructure in Zimbabwe and surrounding areas, the
high cost of telecommunications is obviously high. Coupled with the fact that almost
90% of the calls from one African country to another are routed through Europe,
particularly the UK, at an approximate annual cost of $400 million shows reasons why
costs are so high. In addition, the current percentage population penetration in Internet
usage is approximately 1.1% (both North and South Africa skewing this statistic). This
provides a compelling case for a Zimbabwe, if not a ubiquitous Africa based long-haul
backbone network.

From what has been aforementioned, the communications infrastructure appears to be
fairly developed in comparison to the other facets of Zimbabwean life. The
telecommunications infrastructure was once one of the best in Africa, but has recently
suffered from poor maintenance with more than 100,000 outstanding requests for
connection despite an equally large number of installed but unused main lines. Thisis
demonstrated in the annual ITU World Communications Report — Access Indicators for
the Information Society. This reported that Zimbabwe topped the Low Access list with a
0.29 level. This Digital Access Index table has been provided in Appendix C. Domestic
communications links consist of microwave radio relay links, open-wire lines,

radi otel ephone communi cation stations, fixed wireless local loop installations, and a
substantial mobile cellular network. For international communication, Zimbabwe has two
Intelsat satellite earth stations and two international digital gateway exchanges (both in
Harare and Gweru).

Figure 9 shows the current use of cellular subscribers over all Africa. It can be seen that
Zimbabwe is not one of the dominant forms of telecommunication distributors due to
politics and an ever-growing debt.
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Figure 9 showsthe current penetration rates of telecom subscribersin Africa[1]

The following figures demonstrate the increase in the technological infrastructure based
on the number of cellular users, the number of Internet and computer owners and
telephone subscribers, respectively. Figure 10 shows the number of cellular subscribers
(either analog or digital) per 100 peoplein Zimbabwe. Figure 11 demonstrates the
number of usersthat are able to access the Internet, per 100 people. Figure 12 illustrates
the number of personal computers that are being utilized by a single user at a single point
in time. The y — axes demonstrates the number per 100 people. Figure 13 showsthe
number of telephone mainlines per 100 people which connect a customer's equipment to
the public switched telephone network. Figure 14 illustrates the number of telephone
mainlines and cellular subscribers per 100 people in Zimbabwe.
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Figure 10 Number of cellular subscribersover 2 decade Figure 11 Number of Internet access usersover 1 decade

Figure 12 Number of usersusing per sonal computers Figure 13 Number of telephone mainlines per 100 people

Figure 14 Number of telephone mainlines and cellular subscribers

All figures on this page have been provided by [10].

Asit can be seen from the figures 10 to 14, the telecommunications infrastructure has
developing at atorrid rate between 1995 and 2000 for most technological aspects, but has
experienced a slower paced growth in this segment, which does not necessarily invoke
the notion that telecommunication progress has regressed.
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The subsequent section will discuss the Communications aspect in a greater meticulous
detail including the current telecommunications infrastructure, current problems
associated with this infrastructure, which companies are involved in Zimbabwe's bridging
of the digital divide and providing a"first mile" solution to the rural regions, and a
compacted list of proposals that would aid in the endeavor of ending Zimbabwe's
"telecommunication's drought™.

2.7.1. Current Telecommunications Infrastructure

With Zimbabwe being wracked by economic and political havoc, in addition to the
obvious land crisis, fuel shortages, afalling Zimbabwean dollar, high inflation, political
instability and ongoing threats of HIV / AIDS breakouts, the effect of Zimbabwe's
"Networked Readiness" has already been severely damaged, where according to the
Center of International Development at Harvard University, it lies 70™. It wasin 2000
that the Supreme Court deemed the Zimbabwe Post and Telecommunications Company
(ZPTC) monopoly unlawful. This was further demonstrated by the government
distributing extortionate fees for telecommunications licenses in order to retain their
monopoly. The fixed telecommunications license was US$ 320million, US$ 100million
for mobile/ cellular licenses, and US$ 4million for ISP licenses. According to the
Networked Readiness Country Profile of Zimbabwe, compiled by Harvard University,
access to alandline was confined to 2% of the population, whilst 0.4% had internet
accounts. At least 2.5% of the population has been provided with cellular services,
provided through three GSM providers. With these startling numbers, initiatives to
deploy tele-centersin rural areas were made underway as displayed in Figure 15. The
report then pointed out that Zimbabwe's strongest asset was its literacy amongst the youth,
which was the highest on the African continent. This was due to the government's
initiative to invest substantially in the education sector in Zimbabwe. However,
enrolment began to decline due to the charging of fees to attend schools. Thiswas seen as
aploy of making easy money, but in actual fact this will begin to have a negative effect
on the education in Zimbabwe.

Figure 15 showing customer slooking into purchasing Pay-As-You-Go or prepaid minutesand atele-
center in arural villagein Zimbabwe [1].
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Therefore, non-governmental organizations (NGO's) have been providing internet
connectivity in schools as well as the troubled healthcare systems, in order to aleviate
current problems. The former was funded by the UNDP (United Nation Development
Program), which is now a non-profit ISP (ZARNet — Zimbabwe A cademic and Research
Network) which provided connectivity to educational institutions. The use of ICT in the
latter branch included the sharing of information on controlling diseases. Finaly, with
very little incorporation into ICT into daily Zimbabwean life, the impact it has had has
shown very little, whilst on the international scale, the use of ICT's have brought acclaim
and attention for its part in the use of the World Wide Web and e-mail applications to
advocate support for the political electionsin 2000. E-commerce and e-government do
not seem to have been altered at all, which defeats the objective of implementing ICT in
Zimbabwe.

In Appendix B, the Networked Readiness Index has been provided which demonstrates
the current infrastructure prevalent in Zimbabwe [2]. A second Networked Readiness
Index is provided for the United States; so therefore, oneis able to make a comparison
between the two and understand the amount of work and initiative is required to increase
the telecommunications standard [2].

Despite the minimal impact that ICT has brought to rural Zimbabwe, the benefits that
ICT has brought to some parts of the country has been nothing but extraordinary. This
can be exemplified by the Kubatana project [15], where Kubatana means "working
together" in Shona. Thisis awebsite portal that provides the Zimbabwean civil society
organizations with a presence and platform to voice concerns regarding human rights and
abuses prevalent in the country. In addition, the project offers classes that permit the use
of ICT to further goals.

The ICT approach has benefit millions of Zimbabweans by becoming an important
conduit for accurate information regarding the domestic and international activities of
Zimbabwe. The website which is the center for all information, Kubatana.net, has a
diverse e-mail list which will alow subscribers to read breaking news, public meetings,
mobilize support for campaigns, and distribute information about a range of civil society
issues. It is aso directed towards the youth by using appealing graphics, lyrics to popular
songs and poetry to encourage them to subscribe. This was particularly effective when
political prisoners diaries were posted onto the Kubatana website [15]. All interested
were aerted to this page. The e-mail list was also utilized resourcefully in order to
provide atutorial on the voter registration processes during the 2002 political election.
One of the main reasons why it has become successful is due to the marketing of
Kubatana.net. Free-postage postcards are distributed from schools, internet cafes and
libraries promoting non-violence. By posting these postcards to friends and family in
rural areas, awareness is increased substantially. Recently, the Kubatana project has
expanded in providing computer equipment to libraries, email and Internet connectivity
and training individuals in the use of email and Internet as shown in Figure 16.
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Figure 16 showing atrainer teaching ICT to Zimbabweans[15].

Another success story is based in the rura parts of Zimbabwe close to the capital Harare.
Thiswas done using an old refurbished rear-end of the bus shown in Figure 17:

Figure 17 illustrating the rear end of the bus named the Infobu$ [16]

The bus, known as the Bu$ine$$ Infobu$ [16] has no engine and although it could be
hitched up to the cab section or atractor unit and moved to other parts of the city, it had
never been attempted due to fear of increasing maintenance costs. The mobility of this
was seen as a positive by the high proportion of users who visited it ailmost daily, though
it means that only businesses in the base areareally yielded the benefits from the project.
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Figure 18 showing customer s using telephonesin the Bu$ine$s$ | nfobu$ [16].

Inside the "Bu$ine$$ Infobu$’, there were many telecommunication devices including
computers, telephones and afax machine, along with alibrary and typing service,
primarily focused on the business aspect of Zimbabwe. Thisis shown in figure 18. This
permitted many small businesses to increase production and profit margins. Some of
these have gone onto improve the efficiency just through the use of phone calls and fax
messages to save the time and expense of travel to speak to customers and suppliers,
whilst other businesses have benefited from having used the internet to find new markets
and sources of raw materials[17].

Many businesses ranging from companies that manufactured security products to selling
used tires to waste disposal in residential areas, benefited from the "Bu$ine$$ Infobus'.
From the successes this project has attained, it can be seen that local businesses and
creative ideas have benefited and the information it attained has provided the means to
develop and expand. One can clearly see that there is a market for such afacility among
small entrepreneursin rural areas[17].

Referring back to Zimbabwe' s strongest asset, the school education is definitely an aspect
that has been targeted for a“telecommunication upgrade”. From atraditional school
education perspective, Zimbabwe currently follows a 7-4-2-3 system of education [18].
Thisimpliesthat thereis 7 years of primary school, 4 years of secondary school, 2 years
of advanced high school, and 3 years of college or university, which closely resembles
that of the current British education system. Technical education commences in the last
two years of primary school through until university. The technical work fallsinto the
following categories: building studies, fashion and fabrics, food and nutrition, metalwork,
technical graphics, and woodwork [18]. However, not all primary schools offer technical
subjects. Prior to their independence, blacks were discriminated against from whites,
where the former were trained with low worker skills, such as carpentry, metalwork,
building, needlework, cooking and agriculture. It was believed that they were not
academically good enough for secondary school. Post their independence, this
discrimination was abolished, and provided technical and vocational training.
Consequently, high schools altered their teaching programs by shifting their focus from
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the labor specific, skill oriented technical programs to atechnical education of a general
nature, with specific emphasis on design and technology.

President Mugabe, a former teacher himself who is known for his passion for education,
took theinitiative to bridge the digital divide, has increased considerably the access of
computers in schools. He embarked on a program advocating computerization in high
schoolsin Zimbabwe [19]. The first phase saw two rura schools in each province receive
ten computers and two printers each. During his State of the Nation address for 2004 [20],
he proposed to increase the number of computers in rural areas once they had been
obtained by the Government. However, despite the fallible appearance of a step towards a
telecom integrated region, students as well as teachers have hit back at the President,
stating that his priorities are atestimony of how out of touch his actions are with the
“parlous state of affairs’ in Zimbabwe [19]. They state that computers have no place in
rural areas due to the current lack of basic needs, such as textbooks, pens, tables and
chairs. Despite President Mugabe' s good intentions to strengthen the education system by
providing computer technology worth up to ZW$1.8 billion, people are vacillating
between both the voices of the teachers and that of the Government. At this point, one

can see that both have good cause for and against the use of computers in rural schools
[19].

At present, there are currently afew fiber routes based in urban Zimbabwe, primarily
located in Harare (the country’s capital) and surrounding urbanized areas. Thisis
primarily due to the majority of traffic being routed from one African country to another
through Europe or North America, thereby making it very expensive as African countries
arerequired to pay western network carriers. Thisis particularly the case for Tel* One
who still owes the UK millions of dollars. Thiswill be described further in 2.8.1.
Common perception states that unless an infrastructure is owned by Africans,
communication between inter-African states will become onerous, and therefore, remain
adream that is not considered "luxurious'. Moreover, the foreign debt will grow and
become detrimental to telecommunications in African countries [44].

At both the national and regional levels, the number of fiber optic and microwave
backbones to be provided is being analyzed on a substantial level. At present,
Zimbabwe's TeleAcess is utilizing the Beit Bridge to place afiber optic link from
Zimbabwe to South Africa. Similarly, Southern Africais carrying out a program called
SADC Regiona Information Initiative (SRII), which actually upgrades this link, and
provides fiber optic links to Zimbabwe's |andlocked neighbors, primarily Mozambique
and Botswana. These projects have been based on the topology of built infrastructures,
namely the electricity grids, railway lines and oil pipelines, for guidance to constructing
fiber optic cables[45].

2.7.2. Problems Associated with Current Infrastructure

In addition to the issues brought to light in the education system, many problems exist
which limit the access of telecommunicationsin rural areas. Thisis primarily due to the
urban areas failing to keep up economically in amalgamation with political issues, such
astheland crisis and its ever increasing debt. The land crisis has been an ongoing saga
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which has been a sore subject for the Government since Zimbabwe declared
independence in the 1980’ s from white landowners. The consequent paragraphsillustrate
the major problems faced by the telecommunication infrastructure as well asthe
regulators, followed by pragmatic pal pable solutions that would ameliorate some of the
issues. However, these solutions are not direct possibilities to the problems posed
aforementioned.

In Zimbabwe, there are currently two fixed telephone operators and three mobile phone
operators. With such a basis, one would have expected these companiesto be able to
compete with efficacy and therefore, expand coverage to rural and underserved areas and
in addition, reduce the charges for access. Paradoxically, charges have increased at a
rapid rate and many rural citizens have still yet to make the first telephone call. From an
incumbent operator perspective, the legacy infrastructure is arduous and expensive with
respect to time and financially to expand. Thisis not aided with the revenues earned
being invested in other activities, which poses a dilemma economically to the operators.
The mobile operators are funded through cohesion of debit and equity financed from
countries such as the United Kingdom. Thisis exemplified by Tel* One owing millions of
dollarsto the UK government for calls. As aresult, not enough equity is retained in the
business to expand, and with the knowledge of rural areas not yielding the highest profits,
rural areas remain underserved. The second fixed telephone operator faces the same
dilemma as most of it assets are funded with debt, which it finds difficult to repay, hence
the increasing charges. In addition, the ZPTC needs to shift its goalsin order to promote
growth and development of the flailing telecommunications industry. Finally, the ZPTC
must permit public private sector companies to operate in order to foster growth and
innovation.

With the overwhelming problems posed previously, a number of small steps could
provide some form of revitalization in the telecommunications industry. In order to
provide maximum exposure, an obvious solution would imply the Government releasing
idle infrastructure to operate in order to benefit the public, increase awareness and
therefore, increase the amount of incoming revenues. Another solution would include the
incorporation of Zimbabwean's investments into the industry, financially and
technologically. By increasing the number of incumbent experienced players, the
infrastructure would be more developed. A major way of increasing the infrastructure is
to be able to license parties without the involvement of foreign debt. This would allow
operators to offer affordable servicesin rural areas at a minimum cost. With the
weakening of the local currency, foreign debit would hinder the growth of the network,
and defeat the purpose.

Afritell Ltd [21] is one such company that exists to provide accessto rural areasto
Zimbabwe using a telecommunications network comprising of satellite, wireless and
fiber optic technologies. At present, Afritell isworking on an initiative to place optical
routes to underserved rural areas of Zimbabwe as depicted in figure 19:
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Figure 19illustrates optical routesin Zimbabwe proposed in rural areas[21]

One of the major issues with the implementation of ICT in Zimbabwe isits ignorance of
one of the major forms of labor and source of income. Farming and other forms of
agriculture make up the majority of work in rural Zimbabwe. According to an e-
Readiness report on October 7" 2005, The Harare Herald [22] declared that Zimbabwe's
agriculture sector, based in the rural regions of Zimbabwe was lagging behind with
respect to ICT. The report stated that only 30% that reside and work in the agricultural
sector have access to asingle telephone line. As mentioned previously, the charges
associated with owning a telephone implied extortionate pricing. The numbers of
telecommunication equipment was stunningly low, with 273 computers and 232
telephone lines being setup in 655 centers. However, this equipment was not distributed
evenly across the rural regions. Instead, computers were found in offices and agricultural
centers where electricity was readily available. Electricity is provided in the grid which
spreads from the northern part of the country, which is generated by water mills, and
provides electricity towards the south of the country. In addition, the computers were
used for administrative work rather than its intended use, for agricultural production.

The digital divideis exemplified in this sector with most rural areas being unable to
support any electric appliances. Most of the equipment is based in urban settings, and
only afew farmers have access to internet facilities. Typical usesinclude the advertising
of commercial stock. A few former white-owned farms are currently equipped with
internet access, which causes friction with rural citizens, and the white owned land issue
is revived once again. With the majority of Zimbabwe's labor force mainly residing in
rural areas, the agricultural sector obtains no benefit from the use ICT. Thisis soon to be
changed with the Zimbabwe's Farmers Union (ZFU) which has decided to implement a
project that will alow farmers to access communication and information centers in the
rural areas of the country. Consequently, e-Hurudza and Taguta software are schemes
that are underway to provide afarming logistics program [22].
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At this point, one would assume that the telecommunications infrastructure is so
neglected that even the urban areas of Zimbabwe are not served. However, thisisa
fallacy dueto the lack of information present on telecommunications in Zimbabwe. In
reality, the story is opposite. According to the Internetworl dstats.com website [9], the
number of ISP'sin Zimbabwe has been increasing steadily from less than 6 in 2003 to
more than 27 in 2004. Some of these are present in “urbanized” rural areas. Thisis dueto
the increasing use of the Internet in business and other social activities, such asthe
Bu$ine$$ Infobus and the Kubatana projects, respectively. Consequently, large numbers
of people have flocked to the capital (Harare) in order to soak up the "Internet buzz", and
as aresult, someinternet cafes have been left overwhelmed. Typically, the use of the
Internet is said to be the cheapest way of communication between Zimbabweans in the
country, in comparison to the traditional forms of telephones and the postal service. The
former isfairly undesirable due to the price of use and also the accessibility issue of
telephones. Figures 20 and 21 show two different telephone centers that Zimbabweans
currently use in rural regions. It can be seen that these telephone centers also sell other
goods, such as groceries and medicines, in addition to the communication service they
offer.

Figure 20 showing one telephone servicein Zimbabwe [1] Figure 21 showing a telephone services and grocery store[1]

In 2004, the charge for sending or receiving an el ectronic message ranged between $200
and $250 aminute. International call costs between $3800 and $5800 per minute. Despite
these extortionate costs, the numbers of people that use the Internet in these cafes are so
high, that if implemented in rural areas, access would provide uplift in morale, sociability
and bestow greater education strides. However, with the continued expansion of internet
cafes, the high cost of computers hampers those dreams. With the prices of computers
ranging between $5 and $12 million, the government became cognizant of this and
permitted a reduction in import duty on computer hardware, ranging from 5% to 15% [9].
With this form of recognition and re-action, computers would be cheaper to acquire
leading to more computers and the branching out into rural regions and provinces.

With the rapid influx of computers into Zimbabwe, the e-revolution does seem to be
taking alittle longer than expected. In late 2004, a host of electronic and Internet based
services were introduced to the Zimbabwean market. Services such as electronic banking,
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electronic money transfers, electronic bill payments and electronic product purchases
were made available. However, with the vast scope for ICT services and their availability,
the number of users taking advantage of the ICT existence seems negligible. A number of
banks in Zimbabwe have fully developed the facility for clients to utilize the online
banking for some time. These are Paynet and e-transact, and are still under operation
today. Two well known industries both devel oped electronic systems that would permit
them and their clients to buy equipment and supplies on-line, a measure that would
significantly cut down the costs of acquiring raw materials and supplies, but thisis
virtually unknown and therefore, substantially under-utilized. With the fact of a growing
computer literate society, the awareness for opportunities on the Internet seems limited.
Whilst some analysts blame the country's flawed telecommunications infrastructure,
many others have blamed the under-utilization of "western technology" on the marketing
of electronic services and business solutions being slack. In addition, the real use of the
Internet is based primarily on e-mail [9]. This did not require as much bandwidth as
would applications based on the Web. Since the national and international bandwidth
capability was very low, the use of ICT was limited primarily to e-mail. The Internet was
not utilized for anything else, which begs the question: Why didn’t the ICT companies
market the possible opportunities and capabilities of the Internet to save costs, time and
spur growth? One may say that with such an infrastructure, that if an identification
number or bank account were to fall into the wrong hands, considerable financial damage
would be incurred. Moreover, the costs of investing in such systems require millions of
dollars, aview which businesses deem a luxury in this current economic climate.

However, an electronically-based economy would revolutionize trading protocols for the
better. At present, Zimbabwe is struggling to retain the name of Africa's second largest
economy [9] and with applications based in electronics; the title would improve their
economic situation. Employing such a technology would promote e-business and bridge
the digital divide, increase trade, reduce public debt and expand to rural regions of
Zimbabwe.

2.8. COMPANIESINVOLVED INTO BRIDGING THE DIGITAL DIVIDE

There are few companies are involved in Zimbabwe's bridging of the digital divide and
providing a "first mile" solution to the rural region. At present, there are four companies
that provide telecommunication services that are based internally in Zimbabwe. These are
Econet, Net* One, Tel* One and Telecel. According to each of these companies websites,
Tel* One and Net* One are funded by the ZPTC (the Zimbabwean Government). Each of
these companies will be discussed on what services they are offering, where they stand
financially and where with the government and tariffs they currently charge to customers
for the services they charge to customers.

2.8.1. Trading Investments — Huawei Technologies

Chinese based Huawei Technologies won a series of contracts which amounts to over
US$400 million from magjor telecommunication operators from Zimbabwe, Kenya and
Nigeria. The telecommunication equipment ranges from 3G networks, NGN's (Next
Generation Networks), and from optical transmission to switches and routers, based on
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Intelligent Network [46]. Zimbabwe initially chose Huawel Technologies asits partner
due to the advantages that Huawei bring. Huawei has been renowned for its cost-effective
products and their solutions, along with a decent service-provisioning and a highly
regarded research and development department. However, Huawei were not assigned the
partnership from these qualities. Huawei had to battle with other western

telecommuni cation equipment suppliers, but Huawei@ price ratio as well as service
outperformed the competitors [47]. Therefore,

"That®@why we have chosen Huawei as our long-term partner..." [46]

On November 3" 2004, Huawei signed contracts with Zimbabwean Government owned
utilities, Tel* One and Net* One, as will be discussed later. These investments were valued
at US$288 million and US$40 million respectively [47].

Tel* One was equipped with network expansion and optimized solutions. The products
implemented include Intelligent Network switches, transmission backbones that span the
network, CDMA, and pertinent data communications equipment. This permitted an
additional 500,000 users to be accommodated onto the network. Thisislikely to affect
rural areas since expansion islikely to move into these areas. The infrastructure has
impacted the national backbone and data networks within Tel* One [47].

For Net* One, an independent set of GSM system and services were provided to augment
the number of usersto 170,000 lines. This permitted expanded network coverage across
rural Zimbabwe, and a corresponding increase in network capacity [47].

2.8.2. Tel*One

Tel*One is subsidized from the government, and therefore does maintain a considerable
amount of telecommunications network penetration in Zimbabwe. Their vision isto be
the first choice provider of telecommunications services and products and their maxim is
to treat "customer like kings" [23]. Since diverting from the "cash cow" stage of mainland
telephony, Tel* One has begun the ongoing provision of the most advanced telephone, fax,
internet, Data and Satellite services available through many spin-off companies, each
offering different telecommunications services. These will each be discussed in brief
detail [23].

Dial*One: A mainland telephone service which would providing individuals with a
service that has an optimum efficiency, speed and reliability, with functions such as
Wake-up call functions, call diversions, three-way conversations and call-waiting.

Com*One: AN internet service provider which provides robust network connectivity,
abundant bandwidth, reliable network performance and speed, to both Internet Services
companies and individuals nationwide. They also provide Internet service to 23 other
ISP'sin Zimbabwe.
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Data*One: A networking solutions company which intertwines both residential and
business data transfer systems at optimum bandwidths for operations of any magnitude
and purpose.

SatNet: A satellite communications solution, which provides telecommunications
services such as voice and data to rural areas and other areas which are inaccessible
technologically and economically. SatNet ensures that these regions are able to
communicate with the rest of the world using VSAT technology.

On July 21% 2005, The Zimbabwe Standard revealed that Tel* One, which owed a huge
debt to the UK for foreign calls paid Chinese telecommunications firm Huawel
Technologies close to US$1 million for the supply of equipment to roll out an ambitious
five-year development plan which demonstrates the growing demand for the
telecommunications industry [24].

Despite the money being short of what the landline provider had wanted, Tel* One signed
aUS$ 288 million telecommunications contract with Huawei Technologies last year
where the Chinese firm would supply telecommunications equipment on a pro-rata
business. This deal was proposed to increase the number of linesto 1.4 million. In order
to complete the first phase of the plan, the installation of 50 base stations and 80,000 lines
was to be completed by March of this year for US$ 28.9 million. The final phase will
yield 230,000 lines and the placement of 102 stations.

However, according to the Managing Director of Tel* One, the target that had been laid
out prior to what has been actually set out had been altered as the country failed to raise
sufficient foreign currency. In order to aleviate this problem, the landline provider had
made investments into one of its major exports, cotton in order to augment the foreign
currency that Tel* One obtains from the Reserve Bank of Zimbabwe. A further export
opportunity would be tobacco which would increase trade and the telecommunications
infrastructure in Zimbabwe.

Recently, Tel* One has suffered financially. In a Zimbabwe Sunday Times column on
September 3" 2005, the telephone regulator pulled the plug on Zimbabwe's major
telecoms utility, Tel* One, thereby tossing the country's telecommunications into chaos
[25]. Thisaso restricted calls to the outside world, particularly with the UK, since it
owed a $14 million debt to British Telecom (BT). According to business reports,

Tel* One® debt total $350 million, which makes it technically insolvent dueto liabilities
outweighing assets. Consequently, the company entered a partnership with alocal cotton
merchant, Graffax [25]. This permits inflows from cotton exports that in turn alleviate
foreign debt.

2.8.3. Net*One

Net* One was Zimbabwe's first and leading mobile service provider and is associated with
Tel*One. Therefore, one can infer that Net* One is also government subsidized. The
mission of the company was to provide an equitable information society, and it was
driven by its "time for action" policy [26]. Due to the continuously increasing
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competition, especially from Econet (discussed later), the ZPTC reported it would select
astrategic partner in the existing Net* One network. In addition, the ZPTC sold off
approximately 30% of Net* One in order to generate funds essential for the continued
expansion of the network. In 2005, Net* One celebrated its initiative and ability to adopt
international communications policies and implement them with success in Zimbabwe,
hence reaping Zimbabwe the benefits of ICT [26]. With the ongoing increasing
infrastructure in Harare, the country's capital, additional and extended coverage is being
provided. Thisin turn doubled the subscriber base to 500,000 lines, which demonstrates
the success of overcoming technological caveats and encouraging interconnectivity
between telecom systems. With the increased coverage, Net* One unveiled its plan to
provide cellular services with the reach of the larger rural community and to areas with
limited access, called the "Net* One Rural Outreach Programme” [26]. As aresult, the
rural areas of Nyamandlovu, Chirundu, Nkayi, Nyika, Buhera, Filabusi and Makuti have
been provided with coverage, and a further 35 base stations has been setup for rural
expansion. Thus, those citizens or visitors without coverage before would be able to
enjoy the rewards of an increasingly technologically advanced society. Figure 22 shows
the growing coverage of Zimbabwe, highlighted in purple.

Figure 22 demonstrates the growing cover age of Zimbabwe provided by Net* One [26].

Huawe Technologies also signed a contract for the supply of equipment to Net* One as
part of government's "Look East" policy. This would appease the requirement for
competition in Zimbabwe, hence making a more efficient telecommunication
infrastructure in Zimbabwe [25].

2.8.4. Telecel

From June 1998, Telecel was a project that was funded by both the Government and by
private investors. Since then, it has been licensed to operate a mobile network in
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Zimbabwe and has become a competitor in the telecommunications industry in the
country. Itsaim is to become the most preferred provider of communications services by
penetrating the market such that one Telecel line in present in every income-earning
household in Zimbabwe. In 1999, Telecel introduced a prepaid service which became a
sensational hit with Zimbabwean subscribers [27]. At that time, Telecel was the largest
and fastest growing prepaid cellular brand in Zimbabwe. This proved that companies
were able to break the political and technological barriers of Zimbabwe. They currently
tailor to fit the demographics, by basing their servicesto individual users, business users,
moderate callers and senior citizens. Figure 23 shows the major areas covered by Telecel.
It can be seen that most of its coverage focusis on Harare, the capital of Zimbabwe, and
does not really reach out to the rural villages.

Figure 23 showing the coverage area provided by Telecel in Zimbabwe [28].
However, its successis still significantly eclipsed by that of Econet and Net* One.

2.8.5. Econet

On July 10" 1998, the GSM cellular operator founded by Strive Masiyiwa, shown above,
was formed after fighting a five-year legal battle to obtain acellular license. The license
was awarded by the High Court on December, 31% 1997 [29]. This company has broken a
plethora of political and financial barriers as well as technological, when it made history
on its debut on the Zimbabwe Stock Exchange after three months. At present, Econet
Wireless Ltd is ranked as one of the largest market capitalizationsin Zimbabwe. With a
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continuously increasing market share (at present 43%) and more than 260,000 subscribers,
Econet has firmly established itself as the largest operator in Zimbabwe that is privately
owned.

Econet currently offer a comprehensive range of subscriber and pre-paid mobile services,
which have been further bolstered with branded services for easy recognition. Econet was
also thefirst company to provide a pre-paid cellular phone, Buddie, which has been
heavily penetrated into the market, with a subscriber base of 160,000. This was targeted
mainly at lower income customers and small business individuals. This has been
immensely successful since alarge amount of the businesses that reside in Zimbabwe are
in the Small-to-Medium Scale Enterprise (SME) category.

They have aso expanded the service to include other local and foreign radio stations,
such as the South African Broadcasting Corporation (SABC) and BBC World [29].

2.8.6. Ecoweb Wireless

In addition, Econet branched off and formed Ecoweb Wireless, an Internet Service
Provider which has begun to show the same growth pattern as Econet did in 1998.
Ecoweb is operated on Econet® wireless backbone and earth station [30]. This provides
the added benefit of access to more than 244 countries and territories worldwide. The
Ecoweb service will be strategically positioned at certain locations such that it would be
ableto provide an efficient, versatile, reliable and secured unlimited and independent
bandwidth in Zimbabwe through main centers and Internet Cafés. Figure 24 shows the
network coverage provided by Econet and Ecoweb. It can be seen that whileit is
concentrated in the capital, it is scattered in the rural regions with afocus heading
towards the south, which is regarded as the most rural of provincesin Zimbabwe.
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Figure 24 shows the network cover age areas provided by Econet [31]

In 2005, Zimbabwe became the first Southern African country to launch the full Iridium
satellite phone service. Both Net* One and Econet inaugurated the distribution of roaming
services. In order to market the service successfully, Zimbabwean customers that signed
up before the end of September received US$500 worth of free airtime. Consequently,
Government ministries were equipped with free phones and airtime as a donation [32].

2.8.7. Typical Tariffs

Appendix D provides the prices of services offered by these companies. No information
on Telecel and Ecoweb is known since these are not disclosed on their webpage. One can
see that the prices that are charged to customers do seem fairly extortionate. Despite
being out of context in this section, the annual report which provides financial statements
was sought after. Only Econet Wireless displayed it financia statements for the year
ended in 2005, given in Appendix E. With anet income of ZW$ 52,374,380,000 and a
taxation of ZW$ 157,685,405,000, one can determine that the effective tax rateis 75%,
which the government takes. Therefore, it can be assumed the private companies that are
provided cellular licenses reluctantly from the government are heavily taxed, since usua
corporation tax remains at 35%.
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2.8.8. Tempest Telecom

Despite the number of companies providing telecommunication services to Zimbabwe
beginning to rise gradually, there are afew companies which operate in Zimbabwe but
have their headquarters outside Zimbabwe. Thisis particularly true for Tempest Telecom,
atelecommunications service provider operating from Scottsdale, Arizona, USA. They
provide these services through dial-up systems and satellites [33].

The dial-up system operates by allowing a computer or device to connect to a phone line
in Zimbabwe. The cost of this service isinexpensive in comparison to other methods of
using the Internet, at US$ 0.255 / minute. Since the user is charged on a per minute basis,
there are no expensive monthly charges. The other option is the use of satellite
technology. Due to the previous form of connection being to phone lines, which is
somewhat rarein rural applications, the use of a satellite system isideal since acquiring
access to the phone grid is unrealistic. By using the Bgan satellite [34], internet accessis
possible where the local infrastructure dictates an underdevel oped or unreliable network,
making Internet access difficult or impossible using normal means. Since Bgan utilizes
advanced spot beam technology to provide consistent reliable coverage across the
coverage area, an internet connection isreliable and accessible in rural areas where
coverage is provided. The Bgan satellite was launched in Spring of 2005, and allows
users with a maximum speed of 144Kbs which dictates speeds of nearly three times that
of adialup connection, and twice that of GPRS. Since this speed is lodged between dial-
up and broadband access, the network it providesis certainly fast enough to support
modern video applications such as Vol P, streaming video and web-based applications.
This option is rendered cheaper since it incorporates a packet based data system. The
connection remains on, and one only pays for the amount of data they send or receive.
The cost of using such a service varies between US$ 0.99 / minute and US$ 2 / minute.
The cheaper option is based on the user purchasing the satellite modem, whilst the latter
only rents the modem. The coverage map is provided in figure 25:

Figure 25 shows coverage map that Tempest Telecom provides[33].

VSAT has established itself as a viable option for networking as well as Internet
connectivity. Whilst the Internet uptake is growing at a steady rate, market penetration is
still very low due to the lack of reliable phone lines. Various broadband initiatives have
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been launched and the number of African countries offering commercial ADSL services
has tripled to 15 during 2004. Wireless access technologies are increasingly being used as
asubstitute for poor or non-existing fixed-line infrastructures. Vol P telephony is starting
to take off after anumber of countries have introduced far-reaching liberalization
measures.

2.9. TACKLING MAJOR ISSUES: MEDICINAL | SSUES

In the medicinal sector, the Parliament of Zimbabwe embarked on a pilot project to
establish Parliamentary Constituency Information Centres (PCICS) in various
constituencies throughout Zimbabwe. Armed with this, people were able to access socio-
economic data about their constituencies at the centers. Consequently, the Health
Information Unit captured al the relevant data on disease outbreaks and electronically
distributed it to the eight provincial offices as well as the Head Office. Another way to
promote e-heathcare, HealthNet Zimbabwe was formed to provide alink to healthcare
workers around the world viae-mail. As aresult, proposals for a telemedicine project
including teleconferencing and video conferencing for Central hospitals and Medical
Schools are planned to go under way, with the assistance of organizations such as the
Center for Disease Control (CDC), World Health Organization (WHO), European Union
(EV), United Kingdom Department for International Development (DFID), Italian
Corporation and United Nations Children Education Fund (UNICEF) [35].

The e-commerce sector can find growth the same way that other developing countries
have now established themselves after an ICT makeover. Zimbabweans are very
proficient in the standard language of content on computers, i.e. English. When coupling
thiswith alow cost infrastructure does present the possibility to create multimedia
content in Zimbabwe for sale and rental on an international stage. The generation of
content on the Internet will be the growth industry in the information field over the next
decade. With afine cohesion of the current information market infrastructure with the
correct initiatives, Zimbabwe can be amajor player in thisfield. The same applied to the
success of ICT in Indiawho has now become a major provider of programming
excellence globally, and the most recognized center for outsourcing [36].

2.10. GOVERNMENT INITIATIVESIN SUPPORTING TECHNOLOGICAL
ADVANCE

With the ongoing issues in Zimbabwe, the Governments should follow the subsequent
guidelines to ensure progressive and a successful infrastructure for the technological and
economic future of Zimbabwe:

#  Inorder to makeinvestmentsin promoting the infrastructure, the Government
should create alegal, institutional policy for increasing access to financing
mechanisms.

B Removeall formsof barriers such as economic and political barriers such that
everybody can access public goods and tel ecommunication infrastructures
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By using innovative wireless technologies, a policy that permits non-profit
operators to compete with each other to allow afostering in the deployment of a
more solid and advanced ICT infrastructure.

Embrace universal access strategies by using locally available resources and
innovative financing mechanisms. These could include the subsidy auction or
community-driven approaches.

Elect aform of management through the use of ICT such that financial resources
are used at a sensible but generous manner

By promoting the spirit of the telecommunication infrastructure and its applications,
the Government should permit access to alternative and innovative financial
resources including remittances. which can be significant resource rely on moral
contracts

Design the infrastructure such that the planning of health, road, energy are
integrated within the ICT proposals

Use solar wireless panels for ICT and telecommunications service. Thiswould
reduce the amount of power the rural regions buy for receiving telecommunication
services

Encourage local researchers in developing goods that are targeted towards a global
audience using ICT and support the local production of ICTs to ensure relevance of
content, application software and appropriate technologies

Promote alegal framework which will be adequate to support the development of
ICT in all sectors. For example, e-commerce requires laws which deal with
authentication, digital signatures, computer crime, security and protection of
electronic data

Be able to provide the physically challenged accessto ICTs by being able to offer
an appropriate level of technologiesto facilitate their access.

Promote the establishment of high speed and high capacity national backbone to
accelerate development of ICTs in Zimbabwe. In addition, increase the speed and
capacity of channels linking Zimbabwe with the global information systems.
Implement measures to ensure quality training in ICT from primary school up to
University and devel op the skills.
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B Formulate and implement human resource policies to reverse the prevalent brain
drain and retain the ICT professionals

Encourage use of ICTs in manufacturing sector to improve among other things
production, quality of products and marketing strategies.

Encourage use of ICTs in the mining sector for, among other things, beneficiating
mineral ore and reducing risks and accidents.

Promote the use of advanced networking technologies in the health sector to enable
real-time collaboration and cooperation among doctors and other health workers.
Formulate and implement measures to promote investment in the ICTs particularly
in the context of public-private partnership arrangements.

B o2 =B =®

With all these aspects of Zimbabwe, the government needs to be more cognizant of the
need to upgrade its infrastructure, eradicate its debts, modernize healthcare and provide
incentives to stay in Zimbabwe and promote higher literacy for the future survival of
Zimbabwe.

On November 16" 2005, the Massachusetts I nstitute of Technology released that it had
finally been able to achieve something that will be regarded as a"blessing” for rura
countries al over theworld. MIT's Mr. Negroponte, who is chairman of MIT& Media Lab,
will unveil his $100 device with the United Nations Secretary-General Kofi Annan. The
deviceisalaptop that is so cheap that the government could afford to bring every child to
the Internet. The UN's World Summit on the Information Society in Tunisiaaims at being
able to reach its stated goals,

"...everyone everywhere should have the opportunity to participate in the benefits of
information technology..." [48]

Figure 26 shows the laptops which will cost only $100. The current known specifications
will include a 500 MHz processor with 1 GB hard drives [50].

Figure 26 shows the $100 laptop which eguipsrural children with communication abilities [50].

MIT was able to lower the cost of such alaptop by making the laptop operate on the free
Linux operating system instead of a proprietary system like Microsoft Windows. The
machine will be afull color device and has capabilities of wireless connectionsto the
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Internet. The laptop will be powered using innovative power (wind-up), and will be able
to do most everything except large amounts of data[50]. In addition, the laptop has been
design for durability and ruggedness, so that if it were accidentally dropped into the mud
or adirty region, it would not affect the operation of the device [48]. One of the reasons
why the laptop cost is very low is due to the marketing of the laptops being similar to that
of textbooks. The Department of Education will be the distributors of these laptops.

However, one asks why not use desktop computers instead of |aptops? The key is
mobility, especially since it is assumed the computer will be taken home at night. In
extremely rural regions, where electrification is not present, the laptop can be the
brightest light source in the home [50].

So far, interest has been substantial. Five companies including Google, AMD, Nortel
Networks and Red Hat, have provided financing to form an intermediary corporation that
isanot-for-profit operation, called "One Laptop Per Child". Moreover, nearly six rurd
developing countries thus far have shown a great interest in adopting more than amillion
units. If Zimbabwe is able to provide such high level telecommunications equipment to
itsrural areas, the Zimbabwean economy and infrastructure would take,

"...the next big step toward a vision of learning being transformed as radically as
medicine, communications, and entertainment.” [48]

At present, MIT's preliminary schedule is to have the laptops ready for shipment by the
end of 2006 or early 2007. When demand into the 5 to 10 millions of unitsis made,
manufacturing on alarge scale will be executed [49].

At the conference in Tunisia, the UN Secretary General stated that television, radio and
more increasingly internet was becoming more opportunities arise.

“ Day in, day out, where do we find timely alarms about injustice, opportunitiesto forge
connections across great distances, or simple entertainment after a long day@work in
factory, field or office tower? On television, on the radio and, increasingly, on the
Internet..."
- Kofi Annan, November 16™ 2005, Tunisia[49]

From this, the Zimbabwean government should be taking interest in this form of
distribution which is targeted at rural communities.

In order to propose a technology, it would be better to work on asmaller level than
working with the country as awhole, in order to determine the effect the proposed
technology has on the economy and social behaviors of residents in the urban areas.
Therefore, it would be wise to work on a provincial-level.
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3.1. CHOOSING THE PROVINCE

Figure 27 shows the provincial outline of Zimbabwe, which was provided in order to
determine the commencement of technological advancement to these rural regions.

Figure 27 showsthe provincial map of Zimbabwe [37]

After conversations with a undergraduate at Stanford University who has lived in
Zimbabwe for most of hislife, Tapiua Mabaye, stated that the rural areas geographically
begin from the middle of the country and moves south in terms of increasingly rural
regions. Therefore, an ideal province would start in the middle of Zimbabwe and move
due south as well as choosing a reasonably sized province. Using [38], the average
population size and average area of land is provided. Since we require a minimum
surface area of 150,000km?, the following provinces have been chosen using all the
constraints discussed above. The three provinces are givenin Table 7.
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Provinces Total Population | Total Area (km?)
Midlands 1,466,331 49,166
Masvingo (Victoria) 1,318,705 56,566
Matabeleland South 654,879 54,172
Totals 3,439,915 159,904

Table 7 shows the demogr aphics of the three pre-selected provinces.

From Table 7, it can be seen that the area requirement has been satisfied, as well as
serving just under half the rural population in Zimbabwe.

3.2. OBJECTIVES OF PROPOSAL

The specific objectives of the pilot projects are to provide easy access to data and voice
services where needed in rural areas and hence to:

- Increase access to education facilities;

- Increase access to medical information;

- Stimulate the devel opment and growth of local businesses,

- Develop ICT skillsamong the local population.

If successful, this could be set us the benchmark for other countries to follow, such as
those dictated by the e-Readiness chart provided by Harvard University [2].

Given the available information on technical options, one does believe it is possible to
envision a"wirelesswave' to bridge the gapsin rural telecommunication coveragein
Africa. Dueto the rura applications, the solution may make use of a combination of
land-based infrastructure (copper and fiber optic cables), particularly at the community
level, between regions, and in some cases for international traffic, together with
technologies such as "very small aperture terminas’ (VSAT) satellite systems, digital
cellular phone systems (fixed cellular lines are currently more cost effective than mobile
lines), and cheap point-to-multipoint rural radio systems that make use of advancesin
cellular phone standards. However, one must remember that wireless systems are not any
form of panacea. Although they can offer far more rapid roll out times, greater reliability,
lower maintenance costs and better security, wireless systems are generaly more
expensive than cable based systems in more densely populated areas. Aside from the
additional equipment which can make wireless systems more costly, a widespread
network requires very careful and detailed planning to optimize the use of the available
frequencies and skilled technicians are needed to install then. Also they are generaly
unable to provide comparable bandwidths as cable-based systems. Wavebands are also
particularly susceptible to weather conditions (rain, temperature, solar interference to
name afew) at high frequencies, and they also generally require amuch greater level of
coordination to avoid interfering with the activities of others.

With poor fixed-line network infrastructure in most African countries, the extent of Next
Generation Networks (NGN) and services on the continent is still limited. There are,
however, some encouraging developments. Several countries have launched broadband

anmallik@stanford.edu



Arindam Neil Mallik Page 38 of 58

initiatives and are rolling out dedicated |P networks and new fiber optic links. With
technology advancements, one can assume that large amounts of unsatisfied demand for
basic voice servicesin Africais still prevalent and that VolP is the primary application at
this stage. In order for Zimbabwe to gain ground on the continent, they need to pursue
steady improvements in Internet bandwidth. By utilizing technologies such as Wi-Fi and
WiIMAX, Africaas awhole would be poised to leapfrog straight to wireless NGNs at an
affordable cost.

It isat this stage that | declare a proposal which not only would provide areliable,
informative and beneficial infrastructure for today's generation, but a growing "work-in-
progress’ infrastructure which will reinstate Zimbabwe as Africa's second largest
economy once again, beginning with an implementation in the Midlands, Masvingo
(Victoria) and Matabeleland South provinces.

Since Zimbabwe's strongest asset and hope for the future is its excellent education
infrastructure, it would be pal pable to commence the technological revolution from its
education system and depending on its success, branch out into the other facets of
Zimbabwean life.

In this era of rapid technological advances, the western world as well as ICT leaders
South Korea and Japan has been experimenting and implementing with new technologies,
with more recent advances such as Broadband over Power Line (BPL) and fiber optic
networks. When these technol ogies begin their livesin countries outside Asia, the cost of
technol ogies begin to plummet with increasing acceptance and implementation of the
new technology. When these technol ogy advancements become so inexpensive and with
agreater wealth of experience in their configurations, one can seeit is suitable for
deployment in third world countries. However with the introduction of fiber networksin
the United States and its instant benefits of fast internet access that permit multimedia
content to users, common perception states that older technologies should not be
engraved into the third world country's infrastructure, thereby leaving it in the same
situation it had been in previously. Fiber has the benefit of high speeds, high bandwidths
therefore, reducing the constraint of international bandwidth quota, fewer required
repeaters due to stronger signals, greater resistance to electromagnetic interference (EMI)
and other cables, and alow cost of maintenance [39].

From the topology of the country, electricity is generated through water millsin the
north-western part of the country and travels to the south-eastern region of the country.
However, reliability is an issue, especialy in the rural areas. | am proposing afiber
network that travels along the power grid from the north to the south part of the country.
This method permits the fiber to be powered at al points along the line, and eliminates
one of the constraints associated with rural telecommunication development, namely the
power requirement. At major intersections or blocks of power lines, a Wi-Fi access point
will be placed. Since Wi-Fi has established itself as areliable wireless medium of
communication and therefore an inexpensive protocol, villages would be able to have
wireless access, essentially provided by a Fiber-To-The-Network (FTTN) line. The end-
users would also require investments into computer equipment, portable devices such as
PDA's and cell phones capable of surfing the internet, and knowledge in maintaining
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websites. Since cell phones have become a source of major communication in urban areas
of Zimbabwe, the availability of these devices will not pose a constraint on electronic
devices that provide internet and data, as well as mandatory voice services.

With this technological infrastructure in place, the first business solution isthe
implementation of e-learning software and wireless access to the Internet, and providing
it to all secondary and tertiary institutions (universities, polytechnics, etc). The former
would allow studentsto be able to pick their specialization using information from the
outside world (that is, outside of Zimbabwe and even Africa), and liaising with
professionalsin their fields. In addition, this would allow students to be able to use high
speed internet to do online tutorials, take standardized tests such as SAT's, GRE's,
MCAT's, LSAT's etc., However, this may seem fallible since Zimbabwe has the ongoing
issue of constant migration of residents flocking into neighboring countries. With high
speed Internet, initiatives such as online learning or distance learning is possible. This has
aready been established by Stanford University in its"SCPD" program and the "Open
and Distance Learning" Unit at the University of London [40]. This would mean that
students would be able to earn highly recognized professional degreesin rural areas who
cannot afford to travel to the universities, even abroad, at afraction of the cost, since no
accommodation costs and other dear costs would not need to be required. This form of
initiative is shown in Figure 28.

Figure 28 showing Zimbabweansin rural areaswriting poems[36].

With the high speed internet, tertiary educational institutions would be able to earn a
local degree by studying information found at universities around the world. This would
allow students who did not have the opportunity to study abroad to be able to have the
prospect of gaining knowledge outside the rural areas of Zimbabwe.

Oncethisinfrastructureis set and has demonstrated a positive reaction for the benefit of
Zimbabwe's rural regions, the next step would be the expansion of this network to the
workplace. Thiswould not only allow Zimbabwe to develop financialy, it would
promote Zimbabwe as a possible port for outsourcing and promote economic stability.
With such high speed internet links, skilled workers will be able to do video conferencing
and work from home. Thiswould allow rura citizens to be able to make a change to their
lifestyles for the better without influencing their daily routine significantly. Working
from home would also mean that the road infrastructure would not be a hindrance in the
progress of the economy. However, this does not imply that the road network should not
be improved. Therole of ICT would provide a cushion and reduce the pressure of

devel oping the transportation infrastructure.
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Since the country is mainly English speaking, the next round of outsourcing could go to
Zimbabwe. From the background information in this report, one can infer that multimedia
applicationsfit the creativeness of Zimbabwe such that it would be arealistic proposal to
outsource multimedia applications to the rural areas of Zimbabwe. Outsourcing to India
was a success due to its already developed infrastructure and the large English speaking
population. By similar convention, if Zimbabwe follows my proposal and with its already
adequate standing in English, Zimbabwe's economy could see a substantial rise with the
continuously growing demand in multimedia applications.

Thefina following steps will develop in alleviating the problems associated with its
health, population and trading denominations. For example, E-medicine can be upgraded
by the use of video conferencing and video diagnosing over the Internet for health
problems. This could allow doctorsin each city to confer with each other and share
medical records to ensure that patients in their respective cities get the best possible care.
Thiswould be of particular interest to the outside world, since humanitarian aid to rural
Zimbabwe has been thrown into jeopardy. With the ongoing HIV and AIDS saga, many
Westerns are reluctant to provide help, both financial and medical due to the risks
associated with contracting AIDS. With this medium of communication with the outside
world, help would be more efficient since the western citizens would not need to travel
and therefore eliminates possible health scares.

Therefore, one can see that once the telecommunications network is established, the rural
areas along with the urban areas of the country will become stronger both socially and
economically, both nationally and internationally. Despite this coming at a significant
investment, the Government's tax levies as well as subsidized help from foreign countries
in exchange for goods that Zimbabwe can afford to part with such as gold, iron ore,
cotton and tobacco, will aid the country in moving forward and restoring itstitle as
Africa's second largest economy.

! " #

In this section, the topology and tower placement strategies will be discussed. After these
discussions, the project results will be provided in the form of deliverables. These will
include the provincial mapping of the Zimbabwean region that has been chosen, with and
without features such as rivers, roads, provincial borders, towers and active microwave
links. Thiswill be concluded with financial analysis and possible scenarios that is
favorable to both the regul ators as well as the equity owners of the business.

4.1. GENERAL STRATEGY AND TOPOGRAPHY CHALLENGES

From previous discussions, one can infer that the number of citizensin Zimbabweis
predominantly located in rural areas. Since the Midlands, Masvingo (Victoria) and
Matabeleland South provinces are neighboring with each other in central Zimbabwe, and
from Figure 29, one can see that the topology is fairly mountainous in the northern region,
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and flat in the mid and southern areas. The darker the region, the higher the elevation is
above sealevel. The contrary isvalid for the light shading of the terrain.

Figure 29 showstheterrain of the three provincesthat isto be analyzed.

Therefore, oneis able to understand the difficulty associated with providing cellular
towers in such avarying atitude landscape. From the research carried out in the
background information, the more rural areas are based towards the south, and become
more urban the more one moves north. The capital Harare is located north of the three
elected provinces. Thus one can infer that the progress in telecommunications have not
progressed significantly south of the country's capital.

4.2. TOWER PLACEMENT STRATEGY

Placing towers in arandom matter might seem a reasonabl e strategy since the country is
predominantly rural. However, thisis afallacy since the terrain of the provinces as well
as available resources such as electrification grids and transportation infrastructures such
as road and river methods will need to be considered. These individual issues will be
dealt with separately.

The electricity power grid is based in a north-to-south fashion running from the northwest
to the southeast of the country. Thereforeit is reasonable that most of the cellular towers
would need to be placed along this grid, hence utilizing the country's el ectrification
infrastructure to its advantage. Since the southern region is considered to be far more
rural than that north of the country, where the capital Harare is located, one understands
that with the project's emphasis on rural telecommunications, the strategy for placing
cellular towers was more accentuated towards the southern region of the selected vicinity.
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This influences the placement of the towers and weight will be provided to ensuring this
constraint is exploited.

From the background information section in the report, one understands that
transportation is traversed primarily viaroads and rivers. It is aso known that this
infrastructure still remains poor and does require modernization. Nevertheless, its current
infrastructure has been developed using these roads and rivers. It is proposed that the
towers and pertinent equipment will be moved to set locations by these methods, and this
does not seem as a major drawback with the large network of river and roads in the three
provinces. Since these towers are limited in height, it isideal that the towers be placed on
the top of a high elevation point, such asahill or amountain in order to be ableto
communicate with other towers without the obstructions brought by the terrain. Since the
high elevation points are located in seldom areas, tower placements will pose a
significant problem and therefore, it is assumed that there will be many towersin close
proximity of one another in order to compensate for thisimpediment. Weight will be
provided on placing cellular towers on high elevation points, where possible. Due to the
poor maintenance network of Zimbabwe, redundancy is to be built into the tower setup.
Thiswould ensure that if aLOS link were to fail due to terrain or meteorol ogical
conditions, another supporting link would be able to support the failed tower, and keep
the service running at full capacity. Although this does seem as a"luxury” that cannot be
afforded, a network with no built-in redundancy is bound not to be successful in the long
run, since afailed tower is likely to cause a collapse in the service of neighboring towers.
The redundancy will be incorporated into every tower, where possible.

Finally, with the tower coverage in the three provinces, there is bound to be some
coverage in neighboring provinces outside of the three provinces that isto be analyzed.
However, since this rural telecommunications plan is to expand into the whole of
Zimbabwe and eventually, Africa, the coverage outside the three provinces is not seen as
"wasteful".

4.3. TECHNOLOGICAL, ECONOMIC AND SOCIAL LIMITATIONS

With the complex terrain and its known high elevation points located at scattered
locations around the region, the three provinces would need to have cellular towers that
overlap each other as described previously. With varying atitudes in the three provinces,
microwave links are onerous to establish since line of sight becomes more intricatein its
design. Thereforein order to compensate for this flaw, many towers are placed in close
proximity to each other. This aso alleviates the cost of built-in redundancy networks.

Since the three provinces are considerably large and it is obvious that not every corner of
the country is populated with residents, there will be regions where thereis no
telecommunications coverage. These are referred to as coverage holes. Coverage holes
typically form around neighboring towers and edges of countries. There are technical and
economic and socia reasons in not covering the three provincesin full. From the
technical perspective, covering regions with uneven and vacillating atitudes is arduous
and with the built-in redundancy and significant overlaps, the tradeoff to choose three
provinces with coverage holes is more viable. Moreover, by adding atower in a coverage
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hole that increases coverage by a marginal amount is frowned upon by investors and
technologistsin aview that such a proposition is wasteful of resources. From the
economic standpoint, alarge number of towers have more substantial costs than fewer
towers. Since thisimplementation is based in arural province, the amount of finances
available for investment islow and considered aluxury, thus making investors reluctant
to provide equity and support for cellular towers. Furthermore, the addition of atower in
coverage hole zones will only add very little or even no economic benefit in extremely
rural regions of the three provinces. From the socia view, most rural residents have not
been exposed to technologies. Therefore, if some villages where this case is true, the
residents would not be as inconvenienced as those who are exposed to technology and are
demanding technology improvements.

4.4 NETWORK CONNECTION METHODS

The cellular towers will be placed in away such that the towers are able to communicate
viadirect Line of Sight (LOS) microwave links. The "last mile" of connectivity will be
provided using Wi-Fi technology. When aresident makes an internet connection, the Wi-
Fi will permit the user to connect to the nearest tower which will then route towards the
fiber optic line. Since thisis a high speed data line, one can see that communications will
surpass that of expectation of internet connectivitiesin rural areas. Most of the traffic will
route through the capital Harare. Information to be extracted from countries outside
Africawill be carried out using the international bandwidth assigned, and this will
connect through to Zimbabwe's internet cable line. The line would then disseminate to
the correct magjor city, in this case, Harare, and then into the fiber optic cablesinto the
rural aress.

4.5.IMPLEMENTATION OF GI SFOR TOWER M APPING

The project was simulated in Geographical Information Systems (GIS) software called
ArcMap.

4.5.1. Initial Map Information

Theinitial development map is shown in Appendix F and alower resolution imageis
shown in Figure 30. This was arranged with elevation, rivers, roads and provincial
borders. The only requirement was to place towers in the provinces in order to cover the
maximum possible region with the fewest number of towers. In addition, the constraints
discussed in sections 4.1 — 4.4 were required in order to satisfy the terrain and current
infrastructure in Zimbabwe.
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Figure 30 showstheinitial provincial map with rivers, roads, bordersand population densities.

45.2. Placement of Towers

The placement of towers with the constraints included is shown in Appendix G and alow
resolution image in Figure 31. Here, each tower is represented by a black circle, which
signifies the coverage area it encapsulates. With the constraints mentioned, it was also
included in the layout of the towers that redundancy and overlap of towers will be
provided in regions with high population densities. The large the blue circles, the larger
the population densities.

Figure 31 displaying the map with rivers, roads, borders, population densities and tower placements.

As shown in Appendix G and Figure 31, the wireless network consists of thirty-four
microwave relay towers. The network covers the majority of the three provinces. As
mentioned before, providing complete coverage is not viable from an economic and
social aspect. In addition, the rural populations are not scattered everywhere on the three
provinces. Therefore, emphasis has been placed on the heavily populated densities
indicated by blue circles. These heavily populated regions have been covered adequately.
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The locations of these towers have been provided in Appendix H. This table displays the
tower names, their respective latitudes and longitudes and the corresponding heights of
the towers. The labels of each tower are displayed in Figure 33.

From Appendix G and Figure 31, the major roads and rivers have been covered
sufficiently, and one can assume that the majority of agricultural zones are covered. Since
high altitudes are mainly plateauing, these regions were not neglected, especially since
the population densities are significantly high there. The capital of Midlands, Gweru is
covered sincethisisamajor rural area.

4.5.3. Microwave Link Activation

Using the custom toolbox provided by ArcMap, the microwave links can be drawn on
between two or more towers that have line-of-sight (LOS). The feature displays two
formats of links. The physical thickness of the link and the color of the links display
information regarding suitability of the tower locations based on terrain conditions and
intermediate distance between the towers. The further away the towers are from each
other the more unlikely alink is made possible, which displays the realistic viability of
placing towers alarge distance away. Thisimplies that more towers are required in any
arbitrary region and overlap maybe required. The characteristics of the links are given in
Table 8.

d Green Red

Thick Ideal Link No LOS

Thin No visibility but LOS made No LOS nor visibility
Table 8 showsthe characteristics of microwave links possiblein ArcM ap.

Therefore, the links required are thick green lines. However, from the conversations with
the TA, the links at the ends (i.e. at the towers) are required to be thick green. Therefore,
the link in between the two towers can be thick red lines. Thiswill not pose a problem
since microwave links are utilized. From a pragmatic perspective, with varying
mountainous altitudes, LOS will not always be guaranteed and therefore, red thick lines
are anticipated. Only at flat line landscapes can continuous thick green links be attained.

After carrying out a LOS analysis of the tower topography, Appendix | and Figure 31
(low image resolution) display the results.
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Figure 32 shows the active microwave links between the towers.

By looking at Appendix I, one can see that al the towers have achieved LOS with at |east
one other tower within close proximity. In addition, redundancy has been built into the
network to allow continued operation if one of the active microwave links failed. The
majority of the links are thick lines with green rendering at the tower ends. Effort has
been placed in order to achieve a continuous green thick link between the towers.
However, due to varying altitudes of the terrain, the links are red in between the
corresponding towers. It can also be seen that four links have no visibility. Although
tolerance tests were performed in order to permit the additional redundancy into the
network, LOS and visibility was not possible. The primary reason is due to the position
of the tower and the terrain. Nevertheless, the loss of these network linksis not vital to
the overal infrastructure since the other redundant links compensated and therefore, each
tower was provided with more than two links with the exception of one on the western
region of the three provinces. No redundancy was applied here since placing an
additional tower would provide very little benefit compared to the expense of the
financing another additional tower. In addition, there is no evident significant population
density present.

By labeling the towers, one would be able to permit identification of the towers and these
correspond to the table provided in Appendix H. This map is shown in Figure 33.
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Figure 33 showing the labeling of the towersfor identification with Appendix H.

4.5.4. Pertinent Active Microwave Links

Sincetheinvisible links will not affect the final infrastructure, deleting these links was
permitted hence displaying the only pertinent links that would alow communication
between towers. Appendix Jand Figure 34 shows the relevant working links.

Figure 34 showing the working active microwave links between towers.
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From Appendix J, it is somewhat evident that some of the links have red thick lines at the
end of the towers, which signifies a faulty link. Whilst this does seem discouraging, the
towers were zoomed in such that a larger area could be viewed. Once avisual of athick
green link at the end of each tower was made, the constraints of the project were satisfied.
The configuration is therefore robust and hence reliable.

Appendix K and figure 35 displays the configuration of al towers with active microwave
links with the terrain, population data, provincial borders, and rivers. Appendix L and
figure 36 shows the same map but with road networks rather than the river networks.

Figure 35 showsthetower placement with active Figure 36 showsthetower placement with active
microwave links and river links. microwave linksand road links.

4.5.5. Verification and LOS profiles

In order to demonstrate adequate L OS links between towers, profile plots were generated
in order to illustrate and understand the reasons for the large number of red thick linesin
the maps shown in the figures and appendices presented thus far. Ten profile plots were
taken at random around the three provinces to show the causes for the non-visibility of
the links. These have been provided in Appendix M. On each of the profile plots, the
tower labels have been provided so that one may be able to visualize the profiles with
their corresponding locations in Figure 33.

In order to verify some of the ambiguous links shown in the maps provided in the
appendices, some examplesto verify valid connections has been provided in Figures 37
and 38.
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Figure 37 showsthe validity of two tower s which appear nonfunctional in M atabeleland South.

Figure 38 showsthe valid tower placementson the east side of the three provinces.

As it can be seen from Figures 37 and 38, the links are all valid since the active
microwave links are thick green at all ends, with the exception of one link in Figure 38.

4.5.6. Final Map Tower Configuration

Appendix N and figure 39 show the overall geography of the three provinces with its
elevation, population, provincial borders, roads, rivers, towers and active microwave
links.
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Figure 39 illustrates geography of the three provinces with its elevation, population, provincial
borders, roads, rivers, towers and active microwave links.

4.6. POPULATION DENSITY MARKING

After reaching the tower topography demonstrated in Figure 39 and Appendix N, the
population densities were determined using the existing information integral to the GIS
software. By calculating the population densities, the financial feasibility analysis can be
executed, which follows subsequently. Each tower provided a population quantity which
it managed to serve. From the file created, thirteen out of the thirty-four towers did not
serve any population, possibly due to extreme desertion of the area or not enough
information about the quantities of population in these remote regions. However, it was
concluded that these redundant towers remain in place due to the volatile nomadic
behavior of citizens due to political and other persecutions.

4.7. FINANCIAL FEASIBILITY ANALYSIS

In this section, the considerations for the feasibility analysis are given followed by the
possible financial scenarios which follow as aresult of the topography shown above.
These were determined using the file created by the GIS system from the tower
placements.

4.7.1. Considerations for Financial Feasibility

With the currently difficult financial crisis that surrounds Zimbabwe in addition to the
current crippled telecommunication infrastructure, the financial feasibility of such a
proposed network is required. If one were to implement a heavy infrastructure that would
starve the country of other assets and exports would be detrimental on many levels,
mainly economic and psychological.
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From [51], one can see that with the ever widening of the salary gapsin Zimbabwe, the
rates customers would be charged would vary significantly, and would need to cater to
both the richer and poorer population of rural regions as well as the operators of the
networks. The poorer regions of Zimbabwe earn abasic salary of ZW$ 2 million per
month (US$ 33.02 / month), whilst the average top earners earn ZW$ 300 million per
month (US$ 4,954.17 / month). The highest earners are specialist doctors that can earn a
maximum of ZW$ 1 billion per month (US$ 16513.91 / month). With thisinformation,
the labor costs of supporting such a proposed network will be low, especidly in rural
areas. In addition, the population growth is minute; therefore, the networks will not be hit
with a proliferation of new customers over the next couple of years. The blocking density
that isto be assigned will befairly low since most of the rural Zimbabweans have not
grown accustomed to technological devices, such as phones. Consequently, with the
growth of technology and based on the information gathered thus far, the new technology
will not feature dominantly in the average rural citizens' life.

4.7.2. Economic Feasibility Justifications

When implementing the financial scenarios and the economic feasibility for the
provincial telecommunication upgrade, a number of pragmatic figures need to be givenin
order to provide arealistic view on what would be charged for customers using this new
service. The following calculations show the values implemented in the spreadsheet for
economic feasibility in Appendix P.

In order to adopt a successful venture, the financial model will be based on the costs that
Econet Wirelessincurred. Thisis shown in Appendix D, which demonstrates costs of
pertinent data. This business plan has been followed due to the amount of success Econet
Wireless has achieved. Since the financial analysisis based on US dollars, the exchange
rate will be used on the current value (as of November 25", 2005). At this date, the
exchangerateis US$1 = ZW$60,555.

The teledensity goals have been modified from 1 phonein 1200 at present
(demonstrated in Figures 13 and 14, aswell as[10]), to 300 persons to 1 phone.

Initially, the number of phone booths to public fixed cellular phones will bein the 3:1
ratio, in order to allow thefirst rural residents to make the first phone call, whilst
permitting the cellular community to show some growth as shown in Figure 10 and
[10].

The telephone usage has been split into three denominations, namely Local, Long
Distance and International. The split has been defined as 50:25:25. Here, thereisa
high emphasis on the local population, with defined weights in long distance (with
high numbers of Zimbabweans living outside of Zimbabwe) and international calls
(due to the high number of people moving to countries such as the United Kingdom
and France). The nomadic behavior of Zimbabweans have been mentioned in the
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background theory, and is primarily due to political persecutions as well as seeking
better lives.

Monthly line rental (consumer) + Itemized Billing (consumer)

Monthly charge on PFC
Exchange Rate from ZW$ to US$

ZW$23,000 ZW$25,000

ZW$60, 55% o1

US$0.79

Initial costs (including sim card)
Exchange Rate from ZW$ to US$

ZW$250,000

Z\W$60, 55% g1

Telephone Installation Charge

US$4.128

The interest rate is defined at 340% which was extracted from the Reserve Bank of
Zimbabwe website, given at http://www.rbz.co.zw/. Thisinterest rate is accurate from
December 1% 2005.

The administrative costs have defined accurately the average wages for citizens
carrying out the level of work indicated on the economic feasibility. It is obviously
expected that the executive will earn the highest out of the supervisor and the
employees.

From the economic feasibility in Appendix P, one can see that the Loca IRR is now
208% initsfirst year, and 130% if financed. Thisis due to a high emphasis on the
penetration of Local followed by Long Distance. The Long Distance IRR is958% in its
first year, and 713% if financed. One can aso infer that these rates could be further
increased if the prominence on International calling was reduced. Thisis observed in
4.7.3.

4.7.3. Financial Feasibility Scenarios

These were created in the Excel template provided. Using information from [51] and
Appendix D, the completed spreadsheet is given in Appendix P. From this, the financia
feasibility scenarios will be discussed. The purpose of the scenarios isto evaluate the IRR
if the rates charged to each customer were to change incrementally (or by a small
amount). The three possible scenarios are given in Table 9. This was directly exported
from Microsoft Excel
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Scenario 1 Call charges ($/Min)
% of Calls PTB PFC IRR(a) IRR(b)
Local 60% $0.08 $0.05 247.00% 156.00%
Long Distance 35% $0.30 $0.10 673.00% 481.00%
I nternational 5% $3.00 $3.00
85% 15%

Scenario 2 Call charges ($/Min)
% of Calls PTB PFC IRR(Q) IRR(b)
Local 70% $0.10 $0.05 280.00% 178.00%
Long Distance 25% $0.30 $0.10 | 725.00% | 516.00%
I nternational 5% $3.00  $3.00
95% 5%
Scenario 3 Call charges ($/Min)
% of Calls PTB PFC | IRR(a) IRR(b)
Local 70% $0.05 $0.05 141.00% 71.00%
Long Distance 25% $0.25  $0.10 | 588.00% | 412.00%
I nternational 5% $3.00  $3.00
95% 5%

Table 9 showsthethree scenarioswith their respective Internal Rates of Return.
Scenario 1l

In comparison to the primary choice for the rates allocation shown in Appendix P, one
can see that for the Domestic Revenue and Operations, the IRR has increased for both the
PTB (Public Telephone Booth) and PFC (Private Fixed Cellular). The Loca IRR has
increased from 208% to 247% in itsfirst year, and from 130% to 156% if financed,
respectively. Thisis due to the emphasis of penetration is on Local followed by Long
Distance. The Long Distance IRR has decreased from 958% to 673% in itsfirst year, and
from 713% to 481% if financed, respectively. Thisis primarily due to the lower
penetration rate (25% to 5%) and the higher rates.

Scenario 2

This scenario assumes that the penetration is more aggressively focused on Local calling,
and less on Long Distance calling to determine where maximum IRR can be attained. In
comparison to Scenario 1, Scenario 2 has no difference in International calling. With this
configuration, the rates for local calling in PTB have increased incrementally.
Consequently, the Local IRR has increased from 208% to 280% in its first year, and from
130% to 178% if financed, respectively. The Long Distance IRR has decreased from
958% to 725% in itsfirst year, and from 713% to 516% if financed, respectively. Thisis
again due to the lower penetration rate (25% to 5%) and the higher rates.
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Scenario 3

This scenario assumes the same penetration on Local calling, and less on Long Distance
calling just like in Scenario 2, in order to determine where maximum IRR can be attained.
In comparison to Scenario 2, Scenario 3 has no differencein International calling.
However, the cost for PTB Local calling is half of what Scenario 2 was. Therefore, one
can assume that with such a high penetration in Local calling, the IRR would reducein
comparison to Scenario 2. In addition, the cost of PTB Long Distance calling is lower; it
would provide a more attractive prospect for long distance calling. The Local IRR has
decreased from 208% to 141% initsfirst year, and from 130% to 71% if financed,
respectively. The Long Distance IRR has decreased from 958% to 588% in itsfirst year,
and from 713% to 412% if financed, respectively. Thisis again due to the lower
penetration rate (25% to 5%) and the higher rates.

Comparing the Three Scenarios

When it comes to choosing a suitable scenario, both the IRR and the penetration of
services take precedence in the decision. With the first scenario, one can see that with a
high emphasis on both the Local and Long Distance calling sections, the IRR has
increased considerably for Local but decreased for the Long Distance calling section.
Comparing with Scenario 2, the penetration changed which permitted the highest possible
IRR out of al three scenarios. Thiswas achieved through high local penetration and a
dlightly higher rate for PTB. Consequently, the IRR increased by 33% in comparison to
Scenario 1. With the lower emphasis on high cost solutions such as Long Distance and
International calls, the IRR for Long Distance increased with respect to Scenario 1 by
52%. Scenario 3 was to determine the effect of reducing the cost of the highest possible
penetration in the market. In addition, the PTB Long Distance calling rate is lower
thereby reducing the IRR by a half for the Local calling plan and approximately 70 to
90% in the Long Distance plan.

It can be seen that for both constraints mentioned, Scenario 2 would be the best option
sinceit is ableto provide high penetration to the local area. Since the blocking probability
has been set to alow value (2%), one can assume that a proliferation of users using these
services will not exist; rather agradual trend is expected. Scenario 2 is aso a good
prospect from the future. Due to the ongoing trend of Zimbabwean residents flocking to
neighboring countries due to technological and political persecution, it is assumed that
with the new infrastructure in place, the number of Zimbabweans leaving the country will
decrease substantially. Thisin turn would permit Zimbabweans being able to contact
their friends and family in all regions in Zimbabwe, particularly the rural areas due to the
high penetration destined for local calling. From a business perspective, the second
scenario permits the operator to make alarge return on their investments for local calling.
When discussing the Long Distance plan, although the IRR islower in all three scenarios
in comparison to the economic feasibility IRR given in Appendix P (due to the higher
charges and higher penetration in the feasibility study), the IRR in Scenario 2 isthe
highest out of the three scenarios and is not significantly lower in comparison to the other
scenarios.
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From the studies carried out ranging from tower placements to the financial analysis and
scenario planning, it can be seen that a number of factors need to be taken into account in
order to permit rural regions such as Zimbabwe to prosper with respect to technological
infrastructures. By improving this, one can see that an evolved infrastructure would bring
around another era of outsourcing work to Zimbabwe, from a multimedia application
standpoint. By determining the lifestyle, the political barriers and the available
technology infrastructure present in Zimbabwe, constraints into what can be implemented
has been discussed, and consequently used in the placement of this proposed
infrastructure. While it isimportant for a telecommunications operator to provide services
in exchange for service revenue, the service provided is an integral part of the country's
success from atechnological point of view. In addition, it isimperative that the business
does generate revenues. However, one must not forget that the purpose of providing such
atechnology is not primarily based on making profits. For such a network to be
successful, it has to beinitiated and planned by the citizens and government alike
constructively, on the basis of potential long-term ability to help build wealth and not on
the desirable basis of short-term return on investment. Although this does seem
detrimental to the business aspect, but the benefits incurred from providing Internet
servicesto the rural areas of Zimbabwe iswhat isimportant and by providing an
infrastructure which will help alleviate political issues and alter the lifestyles of rural
people will be constructive to the future of the country's economic growth and prosperity
for the future. After all, the world is progressing through technological advances and with
an operable technology in an existing infrastructure the "nervous system™ will permit
Zimbabwe in moving along with the rest of the rapidly changing world.
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