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It is important to bring medical help to those living in West Africa. A good way to do this is 

by telemedicine. Telemedicine, although it uses power, can be achieved easily with solar 

panels, and the best solar panels are monocrystalline and cadmium telluride. Using graphical 

scenarios, statistical derivations, theoretical ideologies acquired from literature reviews, 

usability ideas and two personal case scenarios, the objective of this project was achieved. 

 

Criteria like cost, temperature coefficient, and sustainability can be used as weighing factors 

in determining the suitability of a solar panel. This study recommends interfacing a 

telemedicine took-kit with a hand-held tablet PC, and supporting the combination with a 

power module for both solar energy and battery to improve ergonomics, to decrease the 

number of power outages and to solve wire management problems. 

 

This study suggests collaborations between government and technology-led societies provide 

investment leverage for the development of sustainable telemedicine platforms for West 

Africa, while more research in efficient power systems will be considered an added advantage 

to this process. Finally, health workers, energy engineers, research students, investors and 

especially those who are passionate about West Africa‘s technological processes will find this 

study very resourceful. 
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Abbreviations  
 

IT                                        Information Technology  

TCP                                    Transmission Control Protocol 

IP                                        Internet Protocol 

UDP                       User Datagram Protocol 

GPRS  General Packet Radio Service 

3G                       Third generation of mobile communication 

ECG                       Electrocardiogram 

CCTV                        Closed Circuit Television 

MEMS                       Micro Engineer Machine Systems 

M2M                       Machine-to-Mobile Communications  

PDA                       Personal Digital Assistant  

SymbianOs                       Operating system for data enabled mobile phones 

PalmOs                       Operating system used on PDA and handset devices    

JavaME                        Java Macro edition 

GSM                                   Global System for Mobile Communications  

TDMA                                Time Division Multiple Accesses  

CDMA                                Code Division Multiple Access  

CCS                                    Carbon Capture and Storage 

PV                                       Photovoltaics  

SWOT                                 Strengths Weaknesses Opportunities and Threats 

ISO                                      International Standard Organization 

AC                                       Alternating Current 

DC                                       Direct Current 

Counts                                 Number of desire participants 

DICOM                               Digital Imaging and Communication System 

IETF                                    Internet Engineering Task Force 

RTP                                     Real-time Protocol 

CREW                                Collaboration for Research on Electronic Work 

SL                                       Secure Socket Layer 

CMS                                   Content Management Systems 

PPCS                                  Privacy Policy Compliance System 

LCD                                   Liquid Crystalline (Digital) Display 

AMD                                  Advance Micro Device                           

FDA                                   Food and Drug Administration 

PC                                      Personal Computer 
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1 Introduction 

 

This thesis revolves around strategic solutions to address West Africa‘s souring energy 

and health sector. Primarily, telemedicine is the use of Information Technology (IT) and 

multimedia technologies to administer healthcare services from a distance and the 

concept will be relevant throughout all sections of this study. The following sections 

will discuss how the current state of telemedicine affects the healthcare sector in West 

Africa. This thesis is based on an intensive literature review and two case studies.  

 

As West Africa‘s health care market continues to evolve, telemedicine technology has 

not fully derived the role which it will play in solving the limitations faced by this 

sector of the economy. The health problems in this sub-region are enormous, because of 

high population density of about three hundred million, lack of infrastructures, issues of 

brain drain and overwhelming poverty, 40% of the West African population survive on 

less than 2€ per day. Malaria results in one million deaths annually and the worse 

scenarios are amongst children. In essence, telemedicine requires enabling Information 

and Communication Technology (ICT) infrastructures; however, its feasibility is far 

from reality and without practical and proactive steps [1,1;2,7].  

 

The rate of rural dwellers migrating to a more prosperous urban city is dampening 

chances of meaningful development. Consequently, rural communities will suffer from 

the lack of qualitative healthcare services and other useful social amenities. This is 

where the need for telemedicine becomes important because a proper utilization of this 

technology will support knowledge sharing among experts in all fields of medicine, and 

the efficiency of health services in rural communities will increase. In spite of the 

reducing cost of IT infrastructure and connectivity, efficiency in medical service 

delivery is still far-fetched in most localities in this sub-region.  
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Figure 1 outlines the population densities of different parts of West Africa. The peak 

regional population is between 200 to 500 million, while in other regions the population 

ranges around 10 to 40 million. 

 

 

 

Figure 1: Map of West Africa [3]. 

 

This is 4.6% of the world‘s population and close to 60% of the population of the 

European Union. This population strength can be harnessed for the regional 

development of economic and technological processes [3,1]. 
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2 Solar Technology: A Determinant for Telemedicine 

 

The future determinants of telemedicine in West Africa are tied to the adoption of a 

right thinking framework in a general technology context. Such a framework should be 

able to recognize measures which will sustain and fuel the realization of telemedicine. 

Hence, a catalyst to the future of all technology under review is research. Attractive 

strategies should be used to draw in participants by offering awards for achievements in 

the field and incentives by technology-led societies such as IBM and Nokia. Training 

opportunities, attractive job packages for telemedicine experts and a reliable electricity 

supply will set this area of technology on the right pedestal. Therefore, developing solar 

technology for the purpose of supporting the medical services will be useful in the 

sustenance of telemedicine technology in this sub-region. 

 

Sunlight is a very powerful source of carbon-neutral energy. The amount of sunlight 

which strikes the earth in one hour is approximately 4.3 × 10
20

 Joules = 13 trillion 

watts, by far exceeding human needs, even in terms of the most aggressive energy 

demands.  Ultimately, the amount is greater than what the entire planet consumes in one 

year (4.1 × 10
20

J). Unfortunately, only about of 35–40% of solar resources, which 

accrues nearly 5.68x10
9
 € annually, has been harnessed. In order to use solar energy, the 

radiation which arrives on the earth across the white light spectrum must be captured 

using solar collectors (panels). The trapped energy goes through a process of conversion 

by the exciting electron hole pairs in a semiconductor and then transmits it as electrical 

energy [4,11]. 

 

2.1 Factors Influencing Solar Power Generation 

 

The technical feasibility and economical viability of using solar energy depends on the 

amount of available sunlight (solar radiation) in the area where solar panels are intended 

to be placed. The amount of daily sunlight available in a given location is a determining 

factor when considering solar technology. Other factors to be looked at when 

determining the viability of solar energy in any given location are as follows:  
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 Geographic location 

 Time of day 

 Season 

 Local landscape 

 Local weather  

 

Meteorologists believe that every part of earth receives a proportionate amount of sun 

light at least once a year. This is different for north and south polar caps which have a 

long period of darkness a year and which therefore are not a suitable place for solar 

technology implementation [5,6-11;6,15]. 

 

2.2 Diffuse and Direct Sunlight 

 

As sunlight passes through earth's atmosphere, some of it is absorbed, scattered, and 

reflected. The following is a general list of materials which cause the sunlight to 

become diffused: 

 

 Air molecules 

 Water vapor 

 Clouds 

 Dust 

 Pollutants 

 

There are two compositions of sunlight necessary of a deeper discussion this subsection. 

The first is direct sunlight and the other is diffuse sunlight. The first case can be seen 

when solar radiation goes through the atmosphere and reaches the ground, but when it 

interferes with atmospheric air molecules such as water vapor and dust, particles of the 

radiation go through propagation by reflection and scattering, and therefore becomes 

diffused. Interference causes leads to reduction of intensity and a change in spectral 

distribution. All these should be studied before taking a step toward solar energy, as the 

start-up cost is relatively high and therefore makes no sense [5,20-34;6,16]. 
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2.3 Solar Resource Assessment 

 

Solar resource assessment focuses on solar resource forecasting and data gathering. It is 

an intensive process involving national laboratories and industrial partners actively 

involved with the solar energy technology. The information collected in the assessment 

process is used to estimate the amount of solar electricity or thermal energy that can be 

generated in a given area. Due to weather variations, there are relative alterations in the 

seasonal, daily, and short-term supply of solar resources. Therefore, understanding how 

to assess available solar resources supports efficient power system planning and 

operations. Historical and forecasted solar resource data are valuable, but the major 

drawback  is the adoption of simplified and  yet accurate techniques to forecast sunshine  

( there needs to be an object here) in hourly intervals, at least one to three days in 

advance and to support power system operations both day-ahead and in real-time [7,1].  

 

Figure 2 below shows four days of sunrise and sunset in one of the West Africa‘s 

densely populated cities, averaging a day length of 11hours 35 munities in the month of 

December, 2010 which was considered a winter season in Europe. 

 

 

 

Figure 2: Chart for Sunrise and Sunset in Jos Nigeria [8]. 

 

West Africa is not only endowed with vegetation, arable land for agricultural 

production and human resources. This sub-region equally enjoys abundant sunlight 
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during both the dry and rainy season. There is sunlight in all months of the year. Thus, 

the abundance of these resources significantly supports the move to adopting a solar 

power system for telemedicine in this sub-region. It also helps the operators of solar 

power plants in places like Africa to determine and optimize the power generation mix 

needed to meet the daily demands of consumers [6,1-2;7,1]. 

 

2.4 Structure of PV Solar Cell 

 

Figure 3, shows the structure of a solar cell, with all the different components, which 

allows the harvest of solar energy through the combination of n-p junctions (n-type: 

negatively charged semiconductor and p-type: positively charged semiconductor). 

 

 

 

Figure 3: Solar Cell Structure [4,30]. 

 

The potential difference between the electrons and holes in the cell determines the 

photo voltage. The energy capability of a solar cell depends on the surface area of the 

solar panel, type of material, intensity of incident photon (sun light) and the resistivity 

of the material. Solar cells can be classified into three categories: 
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 Inorganic cells (based on solid-state inorganic semiconductors) 

 Organic cells (based on organic semiconductors)  

 Photo-electrochemical (PEC) cells based on interfaces between semiconductors 

and   molecules [4,30-35;5,7-15]. 

 

The output power rating of a solar cell calculated at high noon (cloudless day) can be 

expressed as peak power (Wp). By default, manufacturers set a standard of 1000W/m² 

of sunlight (high noon) 25 ºC and an air mass of 1.5 estimates in test conditions. 

 

To deepen the classification of solar panels, it is possible to differentiate the technology 

into two. For instance, the battery charging solar cells, which depends on currents at 

peak output and peak sun hours (favorable in summer season). On the other hand, the 

grid-inverters provide more accurate peak power estimation because they can accept a 

wide range of input voltages and use maximum power point tracking to let modules 

work at their optimum voltage. It is possible to estimate both the outputs of the battery 

cells and grid associated solar cells with the formulas below: 

 

Current output (A) x Peak sun hours (h) = Output (Ah).  

EMF (V) x Output current (Ah) =Energy output (Wh).  

Peak power output (Wp) x Peak sun hours (h) = Energy output (Wh). 

 

Technically, in the battery charging applications, peak power rating can be estimated 

with parameters. For example, the current and the sun‘s peak hours are measured for 

accurate estimations whereas voltage is required to estimate the output of the inverter 

associated solar systems [4,10-23;6,1]. 

 

2.5 Estimating Energy Needs for Appliances  

 

In this subsection, the idea is to estimate the energy needs of generic telemedicine 

appliances to correlate their energy needs to the output capacities of different modules 

and size of solar panels(either with a consistent or inconsistent power rating). Figure 4 

below shows an inverter and battery-type solar panel system. The energy harvested 
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from the panel is stored into the battery and requires an Electro-Motive Force (EMF) of 

230volts to drive the stored energy into appliances.  

 

 

 

Figure 4: How Solar Works [9,1] . 

 

Due to the resistivity of conducting material, it is more convenient to transmit voltage 

instead of current over a distance, in order to minimize losses. Transformers are used to 

regulate the voltage supplied by the system for devices such as laptops, coolers and 

mobile phones to receive the amount of voltage required to maintain their optimum 

performance. 
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Table 1 below is a collection of some medical appliances. Their power and voltage 

consumption is put into perspective to provide a better understanding of the ideas 

presented in subsection 2.4 and 2.5. 

 

Appliance Power Consumed(Watts) Required Voltage (V) 

Mobile phone Nokia E71 5.6 3.7 

Internet server 1100 650 110-220 

Lake solar Grid -inverter 0 880 

XPS Dell laptop 65 115-230 

Samsung 32‖ TV  130 220-230 

Philip DVD player 14 30 

Thermostat 2000 230-240 

Panasonic microwave oven 1460 120 

DVD speakers 150 220-240 

 Total = 4474.6 Watts  

 

Table 1: Sample Energy for Basic Appliances. 

 

The information presented in table 1 suggests that the power consumption of 

conventional appliances indicates that there is a need to develop an efficient energy 

system model for telemedicine infrastructure. If these various energy needs are 

compared with domestic energy generation by any generating system, it is possible to 

estimate the right amount of solar units (panels) that is required to meet the exact 

energy needs of domestic or industrial appliances.  

  

The table 2 below contains information which indicates that the dimension of a solar 

panel is directly proportional to the energy it generates under standard environmental 

conditions which means that, the larger the area, the higher its peak output power.   

 

 

 



15 

 

 

Modules Dimension Area (m²) Inverter Peak 

Output(Wp) 

Annual 

Output(Wh) 

6xBP4175N 4800x1600 8 m² SB-1100 1050 800000 

10xBP4175N 4000x3200 13 m² SB-1700 1750 1350000 

16xBP4175N 6400x3200 22 m² SB-2500 2150 2150000 

20xBP4175N 8000x3200 26 m² SB-3000 3500 2700000 

24xBP4175N 9600x3200 30 m² SB-3800 4200 3200000 

30xBP4175N 8000x4800 38 m² SMC-5000A 5250 4050000 

  

Table 2: Power Outputs for Different Sizes of Solar Panels [10,1].  

 

Based on the study of table 1 and table 2, the graph represented in figure 5 below, is a 

deduction which is based on dimensions and outputs of a solar panel, which could offer 

a solution on how to tackle the rural energy needs. The focus parameters are both 

plotted on the y-axis, to visualize the situation better. When we consider, the peak 

output, inverter (Sony boy grid inverter) and their corresponding size of solar panel are 

considered, it is obvious that a stronger inverter model is needed to match the increasing 

peak power generated daily. 
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Size of Solar Panel VS Power Output
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Figure 5: Area and Peak Power Output 

 

Figure 5 also shows that under standard weather conditions, 38 m² of solar panel can 

generate sufficient energy to power telemedicine and network devices as described in 

table 2. There are numerous factors  linked to the energy-efficient ratio of a solar panel. 

Chapter 3 of this thesis examines and isolates these factors which make a solar panel to 

have a high quality rating.  
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3 Power System for Telemedicine 

 

Stable power supply is paramount for the success of any technology. Whether a small 

device or a full scale infrastructure, stable power flow should be a major priority, for 

without it, chances of development will be obscured. Although rechargeable batteries 

have been found useful for most telemedicine devices, a more dependable system is the 

only answer required to boost operational efficiency. In view of the foregoing, a cheap 

and sustainable energy system will provide a bedrock towards which telemedicine in 

West Africa can progress efficiently.  

     

 

 

Figure 6: Solar Installation Made Easy [11,1] . 

 

Figure 6 shows how solar energy harvested by the use of a solar collector arranged in 

arrays can generate photons which are an input (DC) voltage fed into to the grid-

inverter through the cable to obtain an output (AC) voltage. This output goes through a 

transformer to an appropriate voltage regulation before feeding it out to the grid for 

distribution. A result-oriented research in solar power production will have a great 

impact on manpower development, strategy planning and the adoption of innovative 
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solutions rooted in economy of scale (controlled price) to support the deprived and 

technologically weak West Africa [11,1]. 

 

Grid inverters are inevitable components in the setting up of a platform for the harvest 

of solar energy. However, the right choice of inverter becomes even more crucial. Since 

the entire decision process is cost-dependent, it is also necessary to note that price of 

inverters varies according to model and performance capabilities.  

 

Table 3 is a sample of inverters, costs, power outputs, and voltage and efficiency ratios. 

This information can be used by implementation technicians in the construction of solar 

energy platforms for telemedicine. 

  

Grid Inverter Power Output 

(W) 

Voltage(V) Cost (€) Efficiency 

(%) 

SMC 6000 6000 246-600 6577 96.1 

SMC 5000A 5500 246-600 5215 96.1 

PVE 2500 3100 96 1890 93.0 

SB 3800 3800 200-500 3251 95.6 

 

Table 3: Cost and Output Ratio of Grid Inverters [12]. 

 

Choosing the right inverter set favorable by price is crucial for the implementation of 

solar energy system. Hence a system audit is necessary to determine the suitability of all 

the components which will be integrated into platform. Some specifications for 

choosing inverter systems are durability, efficiency ratio and voltage tolerance which 

varies according to the output capacity and size of the system.  

 

3.1 How Solar Power System Works 

 

A solar power system works on the principle of a photo-electric effect. The heart of the 

system is a silicon-based photo-sensitive cell. The crystal silicon solar cells convert 

solar energy directly to electricity. This electricity then charges the battery through a 

battery charger as shown is in figure 6 above. The electrical energy stored in the battery 

is then utilized through an inverter (DC to AC) or a converter (DC to DC) for various 
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purposes such as lighting, pumping and running of home electronics such as television 

and laptop computer. ―A simple photo-voltaic (PV) system is like any other electrical 

power generating device except that the equipment used is different from that used in 

conventional electromechanical generating systems. The principles of operation and 

interfacing with other electrical systems remain the same and are guided by a well 

established body of electrical codes and standards‖ [10,1;11,1;12,1]. 

 

3.2 Uses of Solar Energy 

 

Solar energy has a variety of uses such as home water heating, providing heat for 

cooking, solar lanterns used by rural communities and powering street lights. The 

following home solar energy systems are available in the market: 

 

 Solar PV Module and  I Green 

 Solar Power System – SunPro and SolGen 

 Solar Garden Illuminating System  

 Solar Charge Controllers and Controllers 

 Indoor Lighting Luminary  and Solar Water Pumping System 

 

Solar panels are installed on the roof with a duct to serve as a channel for transfer fluid. 

A solar power system is a cost effective way of powering house-hold and industrial 

appliances because when using solar energy for water heating there can be almost zero 

cost of hot water supply [10,1-2;12,1]. 

 

3.3 Frameworks for Technical Strategy 

  

In order to understand how solar technology can be effectively used to address the 

energy needs of the society, a measurement tool is needed to scan the macro-

environmental factors. In practice, there are many tools which can be used to 

accomplish this objective; however, a framework which can weigh the strengths, 

weaknesses, opportunities and threats will serve a very distinctive purpose in the 

strategic planning and management.   
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The information in figure 7 is a SWOT (Strengths, Weaknesses Opportunities and 

Threats) analysis. It shows theoretically, how to weigh different macro-environmental 

factors which may affect the feasibility of a solar power system. Essentially, 

conclusions made using this method can strengthen strategic planning in the areas of 

measuring technical positions, assessing product potentials and determining follow-up 

needs for operators. 

 

 

 

Figure 7: SWOT for Strategy Planning. 

 

After a system has been subjected to a SWOT evaluation, strategic decisions follow and 

in this case, they will determine the suitability of solar technology for the African 

market. Therefore, if its strengths and opportunities out-weigh its threats and 

weaknesses by a significant margin, it is likely that the exercise will be rated as 

successful. This type of evaluation is necessary in today‘s hasty and profit-seeking 

society, where standards and authenticity are easily compromised in a quest for offshore 

profits and business enlargements, to the detriment of the masses. Thus, if efficiently 

this tool utilized can provide a deeper understanding on how to position West Africa‘s 

emergent technological market in an effort to tackle the energy needs of the continent 

[13,1].  
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3.4 Decision Implementation 

 

Table 4 shows that the adoption of solar power system requires a careful system audit 

because errors in the implementation phase could hamper the productive capacity of the 

system.  

 

Solar Panel 

Vendor 

Brand Quality 

Rating 

Price/Unit(e) Power(W) 

Aten Solar REC 1 515.20 230 

Alte Kaneka 1 134.00 60 

Sun 

Electronics 

Dupont 2 161.50 95 

Whole Sale 

Solar 

Kyocora 20 525.94 225 

Solar Panel 

Store 

Lumos 8 680.00 250 

 

Table 4: Comparison of Brand of Solar Panel to Unit Price [14,1]. 

 

According to the information displayed in table 4, the vendor, brand, or quality rating 

do not appear to have any significant effect on the power generation of the solar panel. 

However, there is a bearing on the pricing of the panels according their brands. For 

instance, the Lumos solar panel has a quality rating of 8, yet it is more expensive and 

has higher energy generation capability than the rest of the panels shown in the table. 

Subsection 3.5 of this thesis will discuss some of the characteristics of solar panels, 

which may justify the reason for their disparity.  

 

Figure 8 shows a cost-based decision implementation derived from table 2 and table 3. 

If it is considered that about 95% of the plans to adopt solar technology into domestic or 

mainstream energy sectors are motivated by the price factor, it makes sense to scale and 

audit all the processes in order to utilize the available resources.   
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Figure 8: Cost-Base Decision Diagram 

 

Figure 8 supports strategic and technical planning processes. Implementation processes 

can be envisaged with cost as the main parameter in the process chain. 

 

3.5 Choosing an Ideal Solar Panel 

 

The process of choosing an ideal solar panel can be considered both technical and 

laborious in many respects. The summation of micro and macro factors such as  

budgeting and technical specifications provides a buyer the much needed idea on 

making the right decisions. The two major industrial classifications of a solar panel can 

be described within the following categories: 

 

 Thin Film 

 Crystalline Silicon 
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Thin film refers to the amount of semi-conductor material used compared to the width 

of a human hair. This type of solar panel is made by the layering film of semi-conductor 

material onto a medium such as glass. This method of solar panel production is cost 

efficient in terms of manufacturing costs. Whereas, the crystalline silicon (wafer 

silicon) panel is designed by inserting a single slice of silicon at a progressive interval 

to create the solar panel [15,1]. 

 

 

 

Figure 9: Thin Film and Crystalline Silicon [15,1]. 

 

In all, the common ingredient for both the thin film and the crystalline (solar panel) 

technologies is silicon, a group 14 (fourteen) elements in the periodic table. It has an 

atomic weight of 28.0855(3) and it is described as a semi-metal with a dark grey- bluish 

tinge and an ambient solid state temperature of 25°C (degrees celsius). Meteorologists 

believe that silicon is present in the sun and stars as a principal component. It is 

considered as the second most abundant element on earth surface (the first being 

oxygen), constituting up to 25.7% of the earth‘s crust. At a wavelength of 456nm, 

silicon has been used to produce strong laser beams because it transmits over 95% of all 

wavelengths of infra-red spectrum, measured by the use of Fourier transform instrument 

to reveal the molecular structure of the element (silicon). It can be found as quartz, rock 

crystal, amethyst, agate, flint, jasper, opal and silicon oxide (silica). The chemical 
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processes for the isolation of pure silicon from silica to silicon oxide (SiO2) can be 

defined by the following equations: 

 

 SiO2 + 2C → Si + 2CO : production of silicon carbide 

 2SiC + SiO2 → 3Si + 2CO: intermediate reaction to eliminate 2CO 

 SiCl4 + 2H2 → Si + 4HCl: production of pure silicon  

 

Pure silicon is combined with other essential elements such as copper and cadmium to 

give better performance solar cells with high temperature performance and high energy 

efficiency [16,1]. 

 

Thin Film & 

Crystalline 

Silicon 

Energy  

Efficiency 

(a) 

Temperature 

Performance 

(b) 

Low 

Performance 

Cost (c) 

Sustainability 

(d) 
Total= 

a+b+c+d 

Monocrystalline 

Silicon 

5 3 1 5 13 

Multicrystalline 

Silicon 

2 2 5 0 9 

Cadmium 

Telluride(CdTe) 

3 5 0 5 13 

Amorphous 2 1 4 0 8 

Copper,Indium, 

Selenide(CIGS) 

2 0 3 0 5 

 

 

Table 5: Performance Comparison Table 

 

Sampling the total values: 13, 9, 13, 8, 5 

Therefore, Modal Point = 13 

 

The sampled values (13, 9, 13, 8, 5) correspond to the properties of monocrystalline and 

cadmium telluride solar technologies. Table 5 shows the performance assessment based 

on a five (5) point weighing scale, defined by essential parameters of solar technology, 

such as energy efficiency, performance at low temperature, performance cost and 

sustainability.  
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5 Point Scale Performance Graph
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 Figure 10: Performance Comparison Chart 

 

By matching these parameters into either thin film or crystalline silicon, based on their 

chemical properties, it was possible to theoretically (and hypothetically) assess their 

performance defects and efficiencies. 

 

The performance graph represented in figure 10 is specific to the topic under review 

because of the variations on the variables assigned to each parameter. Technically, there 

are numerous scientific methods offering deeper evaluation on this subject; however, 

figure 10 only offers the visualization of the data summation of table 4. According to 

this study, monocrystalline Silicon and cadmium telluride (CdTe) show the highest 

efficiency based on the priorities considered in this thesis. Therefore, it suffices to 

recommend highly efficient solar panels for the construction of a power system for 

telemedicine in West Africa. 
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4 Telemedicine: A Case of Business Opportunity 

 

This chapter demonstrates how telemedicine can have a bearing on income generation. 

Great emphasis is placed on the usability features of a web-based application. In 

telemedicine these enhanced usability features can directly be translated to a revenue 

generation mechanism. It is important to understand some of the reasons for the lack of 

coverage of telemedicine in many West African countries. Some of the limiting factors 

are as follows: 

 

 Lack of infrastructures such as paved road networks 

 Inadequate bandwidth and mobile support compatibility 

 Inadequate personnel who are trained in the field of telemedicine 

 Lack of research initiatives 

 Underdeveloped systems of transportation and communication 

 Insufficient access to education and medical care 

 Unreliable sources of electricity 

 

Studies have shown that, although the telemedicine technology showed promise in 

certain areas. There is no specific method to establish a cost-effective telemedicine 

system because of the limitations of recognizing and standardizing all factors needed to 

establish an effective measurement method for this technology. 

 

4.1 Practical Solutions 

 

First and foremost, amongst the numerous factors besetting the realization of 

telemedicine in West Africa is the under-utilization of both human and natural 

resources. Through the adoption of technical initiatives, it is possible for telemedicine to 

accomplish objectives such as healthcare delivery, education, emergency responses, 

occupational health services and second-opinion consultations in real-time. Research 

follow-ups and information sharing via secured platforms is also possible in a functional 

telemedicine platform. Steps must be taken to identify those resources which may 

directly or indirectly interfere with the effectiveness of the system. For instance, 
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training in both tertiary institutions and professional level on the use of telemedicine 

equipments will help to boost workers confidence on how to handle system to optimum 

level. Amenities like electricity, clean water supply, and good road networks should be 

considered seriously.  Safety measures in case of fire outbreaks, natural deserters, back 

ups in case of power failure, should be put in place to safe-guard the system from 

unprecedented interruption which could inflict serious damage on the set-up or  disrupt 

the flow of vital information within the networks.  

 

The next possibility is the development and deployment through close coordination 

between industry and the healthcare sector in an effort to design more efficient systems, 

and to exploit the capabilities of these systems more fully to deliver remote healthcare. 

Setting-up a telemedicine platform could be complex. Hence workers should be 

equipped with detailed tailored training on both the hardware and the software resource 

management. This will help the workers entrench their expertise into the needed 

direction.  

   

Finally, to curtail the problems confronting telemedicine in West Africa, practical and 

proactive measures are necessary. Maintenance culture places the system one step ahead 

the potential problems even before they occur. Therefore, frameworks should be put up 

to balance the operation, by always checking and eliminating a defective part of 

telemedicine infrastructure. Another aspect is to strengthen the existing platforms 

through research and development. This will pave way for the thorough utilization of 

the system to provide quality medical services to the people.   

 

4.2 A  Case Scenario 

 

Sustaining a technology becomes a major source of concern in a place like West Africa 

with low per capita income and high population density. These situations among others 

have left numerous pilot projects in the sub-region unaccomplished. While it becomes 

essential to consider how to develop a platform for money making, an eService 

application can help to offer ease of file transfer and document handling within a 
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telemedicine network. Consider the following scenario which is typical of countries in 

West Africa: 

 

A poorly staffed rural health center and pharmaceutical outfit, handling of orders, 

prescriptions, second opinion consultations, access to and management of health records 

within and outside medical facility becomes completely impossible. These deficiencies 

threaten the quality of service. In emergency cases, how fast doctors can access to the 

needed medical history of clients, in order to give accurate diagnosis? Without an 

enabling platform delay could lead to wrong diagnosis which may lead to failure in 

administering the right treatment, thereby causing death in critical situation. 

  

With a web-based application, artificial gaps are totally removed, as patients would 

have access to their records for a charged fee. The patient‘s convenience and urgencies 

are also put into perspective in the design of this solution. After an order has been 

carried out, printed files and materials can be delivered to the recipient‘s home 

addresses or mobile phones according to the data provided in the system during the 

registration phase. Just like a conventional eService applications, services will be 

available to the users on a 24 hour basis regardless of the day or place. Patients will 

enjoy the liberty to forward their medical records to the doctor on duty in any location 

(in real time) for an efficient for treatment follow ups. The eService platform will also 

provide an access point to patients who would like to review their medical records from 

time to time at the comfort of their own homes. 

 

4.3 Technical Architecture and Security Methods 

 

The backbone technology is built on a three-level architecture powered by a user 

interface which runs a database management system on the users‘ computers storing 

data and running on a database server and on an application server. Due to the 

complexity of the eService technology and the flow of communication which is 

required, the site will be coded mostly on a Java platform. Some of the properties of a 

java programming platform which makes it suitable for the development of the 

telemedicine electronic service platform are 
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 Simplicity—writes compile, debug and automatic memory allocation 

 Object oriented—creates objects, manipulates and integrates objects 

 Platform-independent 

 Makes distributed computing easy on a network(cloud computing)—multimedia 

networks 

 Secure programming platforms 

 Robust—error sensitive 

 Supports multithreading, requires text messaging [17,1]. 

 

The architecture of the integrated system which embodies the power systems (solar and 

other sources), the network devices and the client side (telemedicine) devices, poses 

even a greater complexity to resolve because of the level of technical proficiencies 

required to maintain such a customized platform. However, through research and 

continuous development of staff, is it possible to effectively manage such a delicate 

system and sustain economic growth both in a short and long run. 
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Figure 11: Integrated Topology Diagram 

 

Figure 11, shows a technical representation of the integrated topology. The power 

systems are divided into two major parts-solar power supply and power supply from 

other sources. Between these two systems there is a change-over switch, which acts as a 

bridge to connect the two power channels. This is a highly important apparatus when 

building an integrated power system because in the case of a power outage, the change-

over system is able to switch almost immediately to the channel with a ready power 

supply. Figure 12 below is a simple illustration of how the server-side and the client-

side of the three-tier platform are managed logically.      
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Figure 12: Technical Architecture 

 

The multi-tier system offers an end-to-end traceability of data flow which becomes 

more important when systems increase in complexity. The Application Interface (API) 

also supports the capability for measuring performance and correlating transactions 

between tiers [18,1]. The site functionality of eService clearly outlines the workflow of 

the UI (User Interface). This process starts from the user‘s registration interface, login, 

retrieval of personal records and payment.  

 

In order for this solution to be successful, privacy policy and approach must be 

strengthened. Approaches for creating personal privacy policies should be outlined in 

detail. A reliable method is to give the users control over their private information 

through the use of Privacy Policy Compliance System (PPCS).  In general, inputs to and 

from the system can a trigger a security problem. The system would always check all 

user input and output to ensure it is both appropriate and corresponds to the data 

available on the database. Validation formats can be classified under the following 

category: 
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 Data type (string, real and integer), minimum and maximum length 

 Character set, tags and  acceptable null values  

 Numeric range, parameter is required or not  

 Specific legal values, patterns (regular expressions  and enumeration) 

 

The validation parameters are defined by programmers as stipulated on the privacy and 

security policy. These parameters define all the acceptable processes. In this way it is 

safer to make sure that the variables contain information that can be authenticated by 

the server. The measure of protection achieved is directly proportional to the type of 

scripting language used. Higher level security supports flexibility for concurrent 

platforms, minimizing the problem of latency in the access and usage of this application 

[19,18]. The priority of the payment method of the application addresses factors such 

as: 

 Convenience:  

o Offers access for filing returns and payment 24 hours a day 

o The system ensures accurate posting of updatability 

 Accuracy:  

o Verifies calculations, eliminates math  errors 

o Reduces data entry errors 

 Security:  

o Ensures security and confidentiality for all transactions  

o Strong, reliable and secure platforms  

 

Another possibility is the Electronic Funds Transfer (EFT) which is the transfer of 

funds between accounts by electronic means or using electronics cards such as Visa 

cards and Master card. An alternative to these methods is the flexibility in payment only 

when a customer has no user account. In this case he/she is allowed to pay on delivery 

of the hard copy of his/her records. 
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4.4 Registration Interface 

   

Care is taken to ensure that the interface is user friendly, so the figure is represented 

very simply. Customers are required to create a profile with data first name, last name, 

home address, occupation, social security number, phone number, email address, 

nationality, zip code and chosen password which is stored on the database. When the 

form is filled out correctly, clicking submit sends the information to the database in 

which it is stored. 

 

 

 

Figure 13: Registration Interface 

   

The login information would be sent to the user‘s mobile phone or the email address (if 

it is specified during the registration). Figure 13 above shows the registration interface 

of a web-based telemedicine application. The passwords are unique to every user and 

this feature provides the needed security back-bone which makes it impossible for 

hackers, malicious virus programmes or spamming robots to compromise the security of 

the system. In practise, the National Identity Number (NIN) (similar to Social Security 

Number used in Europe) is mainly derived from a persons age, personal number and a 
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district code. This is then combined with an eight character password to generate a 

structure which opens the gate-way (authentication) for file access at every log-in. 

 

 

 

Figure 14: Login Interface 

 

A user name, also referred to as an account name, is a string (sequence of characters) 

that uniquely identifies a user. Usernames can be related to the real names of users, or 

they can be completely arbitrary.  

 

This phase of the application shows the user‘s personal information as illustrated in 

figure 15 below. The database management system provides unique functionality such 

as concurrency control and locking.  
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Figure 15: Personal Information Interface 

 

This unique property allows the application to achieve correctness of multiple 

transactions executed concurrently by imprinting time-stamp, sorting, and identifying 

identical users accessing the same resources.  Depending on how many times the user 

(patient) has visited a hospital in a certain location, his/her health records are sorted on 

the site in such a way that the user can just select the report he/she is interested in and 

then click on ‗next‘ to get to the payment page. 

 



36 

 

 

 

 

Figure 16: Patients Record 

 

The user interface represented in figure 16 above shows a simplified form of a doctor‘s 

appointment accessed after a user‘s login data has been verified and allowed access to 

personal files on the web-based application. After selecting a suitable payment option, 

user data is filled out and the ones that are clicked next to finalize. 
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Figure 17: Payment Interface 

 

Figure 17 shows payment option which is serviced electronically. In order to access the 

electronic payment options such as Master Card or Visa services, a bank is required to 

guarantee a user. Successful clearance will offer customers connectivity to the network, 

signage and customer support. Technically, the Secure Sockets Layer (SSL) protocol, is 

used for data encryption and data can be exchanged over the internet without any risk 

[19,1;20,1-2]. 

 

4.5 Conceptual Usability: Jakob Nielson and Donald Norman  

 

In this section, the idea is to adapt Jakob Nielson and Donald Newman‘s usability 

theorems to establish a paradigm which echoes the relevance of usability in the 

development of telemedicine anywhere in the world. Usability implementation should 

be focused on achieving effectiveness, efficiency and user satisfaction.  
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The User Interface (UI) shown in figures 13 to 17 express Jakob Nielson‘s theorem of 

minimalism and user centered design, which recommends ―reducing complexity of an 

interface by distributing its functionality across minimal parts‖ [22,2-10]. This concept 

was used in the design of figures 13 to 17 of the (telemedicine) application interface in 

order to convey ease of use and simplicity for the West African customers. In all, 

factors such as literacy rates, memorability, and learnability were the set the priorities in 

the design and implementation of this human-centered application.  

 

On the other hand, Donald Norman‘s theory of behavioral design which says that if 

―confuse a person who is using the product interest diminishes. But if the product does 

what is needed, it is fun to use and easy to satisfy goals, then the result is warm and 

positive‖ [22,15]. Unlike Jakob Nielson‘s theory, which focuses only on cognitive 

design, Donald Norman‘s behavioral theorem integrates both the cognitive and affective 

usability concepts. Figure 15 and 16 above are clear examples of an interface an 

interface with a behavioral and cognitive design. The UI‘s displayed were designed in 

compliance with these principles under review. By default, these concepts can also be 

adapted in the design of all types of user interface designated for either telemedicine or 

other applications. In this case, preferences are given to both the cognitive and 

behavioral patterns of the users, otherwise the usability purpose will be defeated, and 

the application will not achieve its purposes. 
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4.6 Profit Projections and Services  

 

Table 6 below and table 3 above are used to examine how much in monetary material 

involvement is needed to set up a telemedicine platform powered by a solar panel.   

 

 

Table 6: Cost Estimation Table 

 

Integrating an eServices platform, with the solar and telemedicine platforms requires 

high technical capabilities from both software and hardware components. As a result, 

the management should hold this at a high priority level. In table 6, T1 and T2 are 

What is Needed  Estimation 

T1(€) 

Telemedicine  Kits Cost T3(€) 

Computers 5000 250 General Exam 

Camera 

700 

Internet Domain 500 1210 Video Printer 800 

Broadcasting 

Cables 

1400 400s Camera & 

Illuminator  

1000 

Autoprint 1510 

Colt  

 

1305  5730 Mini Xray 500 

Display Devices 2000 8221 Spot Monitor 800 

Database & 

Website 

5000 8550 Med Dispenser 3000 

Java Server 200 8200 Vital Monitor 2000 

SunTeam- 5000 

Inverter 

2935 5600 Curved Array 

Ultrasound 

350 

Lumos Solar 

Panel 

680  

 

 

∑[T3]=9250 

€ 

 

 ∑[T1]=19020€ 

 

  

 Estimation T2 

       ( €) 

Quarterly  Projections 

of Users (yr) 

Cumulative 

Earnings at 

10€ 

Paper Works 1500 800 8000 

Training 2000 1000 10000 

Paper & Delivery 1700 1200 12000 

Maintenance 2000 1500 15000 

 ∑[T2]=7200€ 

 
∑[ Φ]=4500 user/yr 45.000€/yr 
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estimated primary cost of items needed to set-up a platform where the eService 

application runs and a monthly maintenance cost (arbitrary values). In practice, T3 and 

Q can be considered as an ideal cost and earning forecast for setting up a functional 

platform, however the technical staff will be required to manage all the hardware 

components and data traffic.  

 

The profits accrued from a web-based telemedicine can be ascertained on any system 

which measures the rate of a user‘s interaction with the application daily or annually. 

When a telemedicine platform is set-up and fully operational, cumulative earnings from 

table 6 above can be used to estimate profit projection for a twelve month period. To 

accomplish this, profit will be taken as a function of the following: 

Time = (t), Price = (ø), and Number of Users = (Φ). The following formulas can be 

derived: 

 

∆ Earnings = ∆ [Price (ø) x Number of Users (Φ)] x Time (t)   

Therefore 

∑Profits   = ∆ [Earning –Cost of Set-up (T1+T2+T3)]  

∑Profits   =    [Total Earning - (T1+T2+T3)] =   [45000€ – 35470€] = 9530€/yr 

 

Flexible payment options, secure file access and confirmation of records by email, will 

encourage potential users to patronize this service. The profit estimations above are 

showing how the cumulative earnings on a fixed price index of 10€ reacts over a 

characteristics period of time.  

While the price factor can be maintained as a constant, the time and number of 

participants can be altered greatly based on the following: 

 

 Technology acquisition phase 

 Level of propagation and motivation of the user  

 

It is possible to receive this product, either in soft or hard copy for say 8€ per record 

(prices can be affected by production) and 2€ of tax. On the other hand, when it is sent 

to a user‘s mobile phone as a multimedia message or text message, a direct debit of 2€ 

to 3€ (exact cost can be determined by real implementation. Phone must be enabled for 
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multimedia reception), service charge is taken. Printed copy can be sent to the user‘s 

postal address for convenience. Harnessing the full potentials of a telemedicine and 

solar energy platform requires the utilization of both the major and the peripheral 

materials. Some or all of these materials poses a characteristic risk on the entire system. 

The preceding chapter will discuss some of the risks and benefits of solar technology 

and telemedicine.  
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5 Benefits and Risks of Solar Technology and Telemedicine 

 

This chapter will discuss some of the risks associated to the use of both solar 

technology and telemedicine. The development in this branch of technology is attracting 

attention by stakeholders and provoking more research on how to develop the system 

into maximum efficiency. Richness of the sun is unique in many respects, thus only an 

effective long-term and balanced policy initiatives are needed to diversify energy 

sectors, in order to create cost advantages through the use of economies of scale in the 

energy sector.  

 

 

 

Figure 18: IEA PV Roadmap [23]. 

 

Figure 19 is a trend-forecast, which shows how development in energy-efficient solar 

cells can revolutionize the energy sector. According to figure 19, higher performance 

efficiency is proportional to a bigger financial commitment from the users. For instance, 

a solar panel with an energy capacity of 250Watts will cost 600USD(458€) per unit area 
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(m²).Therefore, scalability and price control strategies should be deployed in order to 

encourage participation, especially in West Africa [23,1]. 

 

5.1 Environmental and Occupational Health Issues 

 

As the idea of carbon neutral energy systems continues to gain momentum around the 

world, evaluating the potential risk of this technology will bring a whole new benefit to 

both users and the environment in general. Table 7 below illustrates that, in the 

manufacturing of photovoltaic cells, health could be adversely affected by different 

classes of chemical and physical hazards. These chemical hazards relate to, materials 

toxicity, corrosiveness, flammability, explosiveness and poisoning. However, the 

potential risk is influenced by the type of technology used (thin-film or crystalline) and 

deposition processes. A listing of hazardous materials used in manufacturing is shown 

in the table below: 

 

Type of Module  Type of  Potential Hazards 

x-Si HF acid burns, SiH4 fires/explosions, Pb solder / module 

disposal 

a-Si SiH4 fires/explosions 

CdTe Cd toxicity, carcinogenicity, module disposal 

CIS, CGS H2Se toxicity, module disposal 

GaAs AsH3 toxicity, As carcinogenicity, H2 flammability, 

module disposal 

 

Table 7: Major Hazards in Photovoltaic Cells [24,21] . 

 

Photovoltaic (PV) technologies have distinct environmental advantages for generating 

electricity over conventional technologies. The operation of photovoltaic systems does 

not produce any noise and toxic-gas emissions. Photovoltaic electricity generation, 

regardless of which technology is used, is a zero-emissions process. [24,1-5]. 
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5.2 Efficient Solar Cells 

 

To enable solar electricity to be cheaper than, present nuclear, fossil fuel or other forms 

of electricity a devices with an output capacity higher than the existing performance 

limit of 32%, which is the energy conversion efficiency for single-junction cells, should 

be sought after. At present, the best single-junction solar cells have efficiencies of 20–

25%. New concepts, structures, and methods of capturing the energy from sunlight 

without thermalization of carriers are required to break through this barrier and enable 

solar cells having efficiencies of greater than 50% or more in the near future. In theory, 

mature energy conversion technologies operate close to their maximum thermodynamic 

efficiency.  

 

 

 

Figure 19: PV Devices and Efficiency Limits [4,115;24,1].  

 

However, for solar energy conversion, this efficiency is between 66% and 87%, which 

depends on the concentration and the spectrum. Therefore, developing solar structures 

that can reach the ultimate efficiency limit while maintaining low cost is a critical 

research goal for science and engineering in general.  
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Figure 20 above, is the analysis of certain parameters that are necessary for the 

optimum utilization of the thermodynamic limit of solar cells.  Advances in PV devices 

will open up more possibilities for solar technology, as the demands for renewable 

energy system heighten. More so, other interest areas such as organic-based energy 

systems and photochemical conversion systems will also benefit from this revolution 

[4, 109-115; 24,1;25,1]. 

 

5.3 Telemedicine Benefits 

 

The implementation and success of telemedicine depends much on the level of 

telecommunication development in a country. The priority is to extend the reach of 

tertiary healthcare facilities from urban areas to rural areas. Telemedicine can offer the 

following advantages: 

 

 Reduction of costs by facilitating diagnosis and treatment of selected patients on 

sight rather than in an expensive hospital setting 

 Specialized treatment will be administered to the patient despite their locality. 

 Reduction on medical travelling expenses 

 Low mortality rates because physicians and other medical practitioners in rural 

and remote areas will be able to receive technical advice through consultation. 

 Congestion in urban hospitals will be reduced resulting in adequate bed space 

for urban patients. It also improves the knowledge base and experience of the 

less trained medical staff of remote sites [26,3-10]. 

 

The overall impact of telemedicine can only be estimated by standardized scientific 

approach which sums up parameters such as scalability, usability and technology. These 

parameters are directly connected to the amount of foreseeable benefits which can be 

derived from a technology of this caliber. Therefore, it is appropriate to diversify and 

strengthen the backbone of this technology through research corporations and 

incorporating telemedicine as part of the study curriculum in tertiary institutions around 

the world. 
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6 Best-fit Usability  

 

This section is centered on a usability ideology which underscores the necessity of 

adapting solar energy system for West African telemedicine system. Therefore, to 

achieve user-centered effectiveness, usability ideologies will be considered as a 

common denominator to the success of these two technologies under review.  

 

As the technology market is growing in this sub-region, the consumption and usage of 

electronics, software, hardware and peripheral devices are equally matching up with 

intense demands. However, little effort is done by technology drivers such as Microsoft, 

IBM and research institutes to reconcile the overwhelming gaps caused by lack of or 

inadequate usability parameters for products designated for the West African market. 

Unfortunately, most of the technology sold in this part of the world, is designed in 

isolation and forced into the market using pervasive strategies. Therefore, in order to 

bridge this gap of ‗technological deficit‘, all players in the Africa‘s business scenery are 

called upon to be involved in research, viable enough to generate a model which will 

bring about the development of user-oriented products instead of technology-oriented 

products. Therefore answering the following questions will clarify the issue: 

 

 Who are the users, what do they know, and what can they learn? 

 What do users want or need to do? 

 What is the general background of the users? 

 What is the context in which the users are working? 

 What language should the application use? 

 

By conducting user and task analysis as the first-level approach, the African scenario of 

technology adoption can become better understood [26,1; 27,5]. 
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6.1 A Case of Telemedicine  

 

Due to the crippling power scarcity in most communities across West Africa, a health 

worker requires a compact telemedicine tool-kit to help in administering medical 

services to rural communities under his/her jurisdiction. For instance, a small village 

health center may have a flux of over hundred patients daily. What happens, if there is 

no regular power supply?  Since the chances of problems are very imminent, it is 

possible to provide power-dependent tools with the right amount of energy during a 

health check exercise in the rural areas. A solution would be that the systems can be 

enabled with a possibility to tap energy from the main supply as well as directly from 

external sources like solar energy (integrated design). This will serve a beneficial 

purpose both in ergonomics and efficiency. 

 

 

 

Figure 20: AMD-3000 Dispatch Case and Integrated Devices [21,2]. 
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Figure 21, is an integrated design module, to be used as a tool-kit for rural telemedicine 

administration. The figure is a hybrid version of the AMD-3000 dispatch case because 

of the addition of components such table PC, synchronization terminal, portable battery, 

PV module for harvesting solar energy incase of power outage, and LAN/wireless 

terminals for establishing secure trunk connections to telemedicine databases. More on 

the specification of the system is given below: 

 

 Touch screen monitor 

 IO panel-supports video conferencing 

 Durable SBK plastic case, support for other medical devices  

 Flexible connectivity- LAN /Wireless card connections 

 Organized cable management 

 In-built solar power module battery supply capabilities [21,2;27,1-8]. 

 

An integrated telemedicine device with all the listed capabilities serves as a practical 

solution to the technology-deficient West African health care sector. 

 

6.2 Adaptation of Usability Ideas  

 

In this sub-section, efforts are made to describe how perceived usability ideology can be 

used accessed in common grounds for both solar and telemedicine technology. 

Capturing a clear picture of this quest for integration is an ambitious goal yet a very 

essential process in addressing the needs of energy and health sector of West Africa‘s.  

Integration concepts can be adapted to overcome power-outages, voltage drops, 

fluctuations, or any fault tendencies which might become a hindrance for technological 

corporation across the world. For rural healthcare administration, telemedicine tool-kits 

can be useful for emergency response, occupational therapy and patient‘s data 

collection. Therefore, as a usability priority a tool-kits should be designed to include 

two or more in-built solar solar modules and battery (DC) modules. Clustering these 

separate units as part of a telemedicine tool-kit, should come in such a way that the 

users of the device do not encounter any problems at the human-machine interface. This 
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will raise the standards of design ergonomics, user centered design, compatibility, and 

consumer satisfaction. The benefits fall into several common areas: 

 

 Increased productivity 

 Decreased training and support costs 

 Increased sales and revenues 

 Reduced development time and costs 

 Reduced maintenance costs 

 Increased customer satisfaction  

 

In short, usability is a weapon that cuts down barriers and makes a product (technology) 

usable and offers a better return on investment than almost any other business action 

[22,14;27,5-9].  
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7 Conclusion 

 

Firstly, the knowledge and the right implementation of telemedicine technology will 

bridge the gaps created by defected medical sector. In theory, some of the problems 

affecting rural telemedicine administration can be tackled with the right thinking and 

technological frameworks. 

 

It has been a worthy course to have engaged in this study because it offered opportunity 

to learn how to coin both technology and usability ideas to achieve a best-fit result, 

especially as regards to developing an energy system most suitable for telemedicine in 

West Africa. A stable power supply is crucial to engineering and the efficient usage of 

any technology any where in the world. There is no doubt however, that West Africa 

has witnessed the most inefficiencies in meeting the energy needs of its customers due 

to countless factors which span through the politics technology and bureaucracy of 

cross-border trades across the continent. Obviously, a persistent energy crisis has 

dampened the industrialization process and employment generation and has 

significantly undermined the effort to achieve sustainable economic growth and to 

increase competitiveness of domestic industries and regional and global markets. 

Against this background however, I have focused a large portion of this thesis on re-

examining how a solar power system can be utilized as an effective solution to arresting 

the energy needs of the sub-region ones and for all.  

 

Furthermore, the common denominator of the two technologies already discussed is the 

idea of user-centeredness. In a best-fit context, usability should be differentiated and all 

parameters including merits and demerits should be carefully studied to allow efficient 

usage of any technology. In view of this, it is my opinion in this study that human 

factors should be considered as the utmost important issue in the design and adoption of 

telemedicine and energy systems. Technology emulation processes should be sensitive 

to environmental factors while scaling and tailoring methodologies should be 

effectively utilized to override lapses in the implementation processes. 
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Lastly, by creating two case scenarios and summarizing the literature has made this 

report success. Although, there were prior administrative setbacks in securing a 

laboratory to conduct bandwidth experiments, this was not allowed to impede the work. 

It has been established theoretically, that the success of any health technology relies on 

the availability of stable energy combined with the principles of economy of scale 

(offering technological solutions at an affordable price). I have also illustrated using 

graphical scenarios that an eService application concept designated for telemedicine can 

be used to optimize services and to generate income within the health sector.  Cost 

implication is a deterrent and a determining factor in the success of the areas already 

reviewed.  Stake holders and private investors ought to step-in and provide the incentive 

required to positively influence the actualization of telemedicine initiatives across the 

continent.  

 

To clarify, 50% of health care services are provided by the private hospitals in Nigeria, 

with an intense demand by over 150 million people. Therefore, telemedicine is one of 

the few technologies that can support the realization of a sustainable, accessible and 

affordable healthcare platform. Most importantly, the government should provide the 

lead in terms of investment, security and support for research. Active players of the 

economy like banks, telecommunications, and international donors can take advantage 

of this investment potential to provide the needed incentives and to forge service 

partnerships across West Africa in general  [2,1].It is recommended that the 

governments and the technology-led societies forge a collaboration which will take a 

positive turn to alleviate the problems militating against telemedicine penetration in 

West Africa and thereby, opening up viable channels for research and development 

which will drive the industrialization processes to productivity, both in the short and 

long run. 
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