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in Mangochi to communicate with their colleagues in the main hospital of 
Blantyre, where specialized doctors are available.

Figure 8: WiFi Network link  
Figure 9: Path profile from Zomba peak to Mangochi tower 

A wireless link spanning the 160 km was installed using two hops: the 
first from Blantyre to Zomba (60 km) and the second one from Zomba 
to Mangochi (100 km). Zomba Peak was used due to its height of almost 
2000 m above sea level. Deploying such long links presents technical and 
logistical issues. The technical ones have to do with the antenna pointing 
that at such distances is a very delicate matter. The logistical ones have to do 
with moving more than 300 kg of equipment around the country and with 
getting the approval of the telecom operators to use their commercial towers. 
Another aspect to be considered is human capacity building: for the link to 
be maintained after the installation, a team of highly skilled engineers had to 
be trained. ICTP considered this as a priority, and several training activities 
have been organized for Malawian engineers. Since the initial planning, two 
requirements have been considered as mandatory: the link had to provide a 
broadband connection and the equipment had to be low cost. Broadband 
was considered so important to allow future, unpredictable, uses of the 
network. The initial idea was to provide internet connectivity in Mangochi via 
the College of Medicine in Blantyre and to install video-chat software on the 
doctors’ PCs. After a second visit in 2010, it was decided to install video IP 
phones and to connect smaller clinics around Mangochi to include them in a 
malaria database system. Bandwidth demand has thus grown in just one year, 
so the broadband request proved to be important. The low cost requirement 
had to do with the limited budget available but also to the sustainability of 
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the network. If the network has to be locally maintained and expended, low 
cost was paramount. The new connections deployed in 2011 were possible 
because additional equipment was provided in 2009 due to its low cost.  
 
A successful example of output of this project is the connection to St Martin’s 
hospital. This is a remote clinic, in the Mangochi area, which did not have 
any internet connection. Bringing fiber to the clinic is out of discussion due 
to its remoteness and to the little economic value an operator would gain 
from the connection. A team of local engineers deployed a 10km wireless 
link and were able to connect the clinic to the main wireless backbone 
installed in 2009. The doctor at St Martin’s hospital is now able to video-chat 
with his colleagues in Blantyre for consultation. Data on malaria cases are 
now electronically gathered on a weekly basis and transmitted to the Malawi 
ministry of health. Before the network was deployed, this was done manually 
with long delays.

3.3 Solar System in Malawi
Recently in Malawi, ICT services have seen an acute demand in renewable 
energy sector, for solar Photovoltaic (PV) performance data acquisition, 
monitoring and control of system operations; since the works are usually 
in rural inaccessible areas, while the technical supporting muscle is based 
in urban areas. Observation has indicated that the deficit of such services 
retards further development as it is challenging to successfully conclude 
on effectiveness, suitability and adaptability of installed plants in specific 
operating conditions. On top of that, the digital divide definitely contributes 
to the deficiency of such innovative projects as it is challenging for service 
providers to remotely manage ICT disadvantaged sites.

Conducted to serve as a model for eradicating this constraint, a research 
project aimed at developing a cost effective solar system monitoring 
application that continuously presents remote energy yields and performance 
measures to plant engineers was carried out. A test bed comprising of 
a solar PV power plant has been set up at Malavi Primary School and a 
central management system at Malawi Polytechnic. The project output gives 
direct access to generated electric power at the rural site through the use of 
wireless sensor boards and text message (SMS) transmissions over cellular 
network. Specifically, the application uses a Waspmote sensor board from 
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Libelium where two phidget sensors have been grafted to allow voltage and 
current readings. The proposed application combines built-in Waspmote 
SMS capabilities and the widely known FrontlineSMS software to achieve 
information dissemination from the PV system site to the monitoring site and 
also from this site to the PV system’s supervisors. This is augmented by web 
publishing using PHP and associated graphing tools. A general view of the 
system is shown in Figure 10.

Figure 10: System Architecture: Solar PV system with wireless sensors and central 
management server

As a new innovative solution that demonstrates a low cost mechanism for the 
renewable energy sector using the existing mobile network infrastructure, the 
deployed application presents the following key benefits.

• Access to PV system performance from anywhere through the use of 
Internet.

• Reports of power output and energy production trends.
• Verification of system operation.
• Easy collection of data for service and maintenance planning.
• Use of open devices which lower the cost and enable the replication 

of the solution.
The choice of using the GSM network was dictated by lack of other 
transmission schemes in the Malavi area. On the other hand, according ITU 
report, The World in 2010, mobile and broadband technologies are making 
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major inroads in developing countries. Similarly, GSM networks cover most 
of Malawi and connectivity costs are limited given the competition of the 
two operators (AirTel and TNM). 2008 statistical data indicates that cellular 
coverage on land area of the country is about 86%. [19] 

A number of experiments were conducted with the objective of monitoring 
the performance of the PV installation, for instance in terms of solar charging 
voltage and load voltage. Figures 11 and 12 show a graphical representation 
of these two parameters during a particular test period. 

Figure 11: Solar charging voltage

Solar charging voltage had a constant trend as depicted in a snapshot of a 
two day period shown in Figure 11 and clearly follows a day/night pattern, as 
solar panels provide voltage during the day and provide little voltage during 
the night. 

Figure 12: Load voltage (a)

Apart from this, figure 12 shows a trend analysis of the load voltage that is 
essential in supplying power to the bulbs and AC sockets for the school block. 
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Figure 13: Load voltage (b)

For simplicity, referring to Figure 13, during the night the system obtains 
a constant voltage of about 12 V, which is supplied from the batteries. 
However due to activities that are running at the school during this period 
of investigation, the battery voltage is not sufficient enough to supply power 
throughout the period of little solar energy. Hence the dropping of load 
voltage and evidently observed power outage between 3 am and 10 am. This 
output indicates that the system was under designed and there is a need of 
adding one or more batteries to meet the required energy demands of the 
rural community school.

Impact 
A brief presentation of results on solar charging and load voltages, serves as 
a tip of the iceberg on the accuracy of the remote monitoring application. 
In addition, the monitoring system has proved to lower management cost 
as timely information reaches the group at the Polytechnic right in front 
of their work stations. This assists in alerting the technical team of remote 
circumstances and also eases system study time for the researchers. On the 
other hand, the use of GSM communication allows for easy system replication 
to other remote rural renewable plants.
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3.4 Pollution Monitoring in Cape Town

 
Figure 14: Cape Town Pollution Monitoring and Mapping

A sensor Test-bed using gas boards was designed and implemented in the 
city of Cape Town to measure the levels of pollutants using the WaspNet 
platform depicted by Figure 14 in two modes: (1) ZigBee mode where the 
sensor readings were stored on the SD card and later dumped on the gateway 
using ZigBee communication and (2) GPRS mode where the sensor readings 
stored on the SD card were loaded to the Gateway using a GSM Telit modem 
connected to the gateway. In both modes, the information collected by a 
sensor board carried on a moving bus was opportunistically loaded on the 
gateway upon contact opportunity between either a ZigBee base station or 
a GSM modem. The sensor board carried on the moving bus included seven 
different gas sensors. 

Using a cloud representation where redder clouds represent higher pollution 
reading at that point, we considered two types of clouds: those without 
circles representing the pollutant levels taken in Zigbee mode and the ones 
with circles within them which present the pollutant levels taken in GPRS 
mode. The readings were averaged at a particular point if multiple readings 
were taken at that geographic location and the time label considered was the 
one of the last reading taken at that point. This provided images that give an 
overview of the results by spotting general trends with regards to the sensors. 
Looking at the pollution map depicted by Figures 14, one should note that 
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the sensor responds to the levels of the whole group of gases, and so is a 
composite value of the various gas concentrations present. While this doesn’t 
allow for accurate measurement of the level of a particular gas, it does give 
an effective “neighborhood” which the various gas levels fall within, and thus 
an indication of the level of air pollution. Using the pollution map depicted 
by Figure 15, one can see that the Northern Suburbs of Cape Town which is 
more ”polluted” than the Southern Suburbs, especially given the presence of 
an oil refinery in the area.

4 Conclusion and Future Work

This paper reflects on the impact of ICTs on the Digital Divide in Africa and 
building upon successful deployments on the African continent it further 
presents some guidelines on how the digital divide might be filled. 

For the past decade, developing countries are confronting new additional 
challenges as a result of the globalization process and the emerging new 
information age. Without appropriate ICT policies and strategies, the deve-
loping countries risk worse socio - economic status that can be promoted by 
the digital divide.[42] It has been discussed that factors contributing to these 
challenges are largely related to high cost of both infrastructure and connec-
tivity. There is great need for coordinated approaches together with skilled 
human resources across the sectors to allow efficient use of ICTs. Internet 
based information is dependent on electrical power; consequently lack of 
utility grid infrastructure in rural areas in many African countries makes it 
impossible to reach out to the communities. However, the paper suggests solar 
powering as the best powering option to eradicate this difficulty. In the same 
line, there exist technologies that can easily be adopted to fill the digital gap. 
Wireless Networking, Optical Networking, Mobile Networking and sensor 
networking are flavors of techniques that can assist in building ICT services 
to link up and support rural and information starved communities and insti-
tutions. This has been demonstrated with practical deployment examples in 
Tanzania, Malawi and South Africa that serve as best technological practices. 
For instance, experiments to evaluate the impact of daily climate variations 
and road traffic fluctuations on pollution, in South Africa, and broadband 
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communication link supporting under - served areas in Tanzania are some of 
the success stories.
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