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Summary 

Reliable and sustainable energy supply plays a significant role in the application of 
Information Communication Technologies (ICTs) in the various service and 
manufacturing sectors which have revolutionized the world economy in the past few 
decades. The interdependence of reliable electric power and telecommunication 
infrastructures have been the pivot around which economic, social and environment 
dimensions of sustainable development revolves. Telecom and electric power 
infrastructure are essential for effective ICT development which has been the prime 
mover of the functioning of modern society and economies. Many studies have 
proven that ICT is an all-purpose technology that has significantly changed the 
process of economic activities in the world in the past few decades. This is evident in 
the recent past economic development of United States of America and many 
European countries. ICT is also propelling development of many other countries 
across the world.  

The emergence of mobile telephony in Ghana and many other African countries have 
led to rapid and unprecedented growth in wireless subscribers which can be used as 
a spring board for ICT development. The demand for electricity that can be provided 
for this growing telecom and ICT networks and facilities in Ghana is expected to 
increase, as a result of increasing population, passion for modern ICT services and 
development in industrialization. Currently, the urban dwellers in Ghana mainly have 
access to ICT facilities because about fifty nine percent (59%) of the population 
resides in the rural areas where access to basic telecom infrastructure and reliable 
electricity remains a challenge. Both urban and rural areas have limited or no access 
to grid power and this could deny Ghanaians from reaping the benefits of information 
age.  

To overcome these challenge of electricity supply, it is important that electric power 
generation from naturally replenishing sources such as solar PV and wind energy are 
given high priority. Solar PV should be given the necessary support by policy makers, 
telecom operators and all other stakeholders in Ghana and other African countries 
because, it has the potential of possibly generating cheap and reliable electricity from 
sunlight, a renewable source that is readily available in abundant across the country 
and the entire continent.  

The long term goal of this research is to contribute to the promotion of sustainable 
and reliable energy generation for the telecommunication industry in Ghana, and also 
to provide a basis for further research on alternative sources of power supply to the 
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telecom facilities which can minimize/eliminate the existing frequent electric power 
outages. 

Due to the interdisciplinary character of the issues relating to both renewable energy 
and Telecom/ICT, the author uses approaches from various fields (policy analysis, 
economics and environmental protection) in quantifying the interdependent of 
telecommunication and reliable electric power system through the possibility of 
introducing renewable energy (solar PV and wind energy) to Ghana Telecom industry 
in an attempt to boost electricity supply to the mobile telecom operators. The analysis 
is qualitative and inductive. The research was based on extensive literature review; 
interviews with a number of experts, Telecom operators and other stakeholders; 
questionnaire for residents in the three selected study sites in Ghana and software 
simulation at three study sites using the load requirement for determining the 
renewable energy capacity in the hybrid system that will provide sustainable power.  

The research reveals that though Ghana as a country acknowledges the importance 
of providing favourable environment for investment in both Telecom/ICT and energy 
industries, there are a number of policy and regulatory barriers that still needs to be 
addressed. The study also show that, the use of renewable energy systems are much 
cheaper and more reliable for effective operation of the Base Transceiver Stations. 
The various system configurations such as solar PV size, wind turbine size and 
battery autonomy of the system have been taken into account. The minimum 
renewable energy sources to supply the Base Transceiver Station loads in the three 
study sites were simulated with Diesel Engine Generator to find the optimal supply 
mix for each station. The outcome has been summarized in the table below.   
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BTS sites 

Kabakab
a Hill 

Ada-Foah  

(1st  

operator) 

Ada-Foah  

(1st  

operator) 

Ada-Foah 

(2nd 
operator) 

Jema 

System 

 

PV/Wind 

/DEG 

PV/Wind 

/DEG 

PV/Wind PV/Wind/
DEG 

PV/Wind/
DEG 

Cooling 
System 

A/C 

 

A/C 

 

Free Air A/C 

 

A/C 

 

Initial Cost 
($ ) 

76,450 

 

76,450 

 

45,453 

 

76,450 

 

76,450 

 

Cost of 
Energy 
(COE, $) 

0.566 

 

0.37 0.319 

 

0.398 

 

0.58 

 

Net Present 
Cost (NPC, 
$) 

228,103 

 

149,196 

 

77,881 

 

237,078 

 

233,807 

 

Operation 
Cost ($) 

11,731 5,626 

 

2,537 

 

4,690 

 

12,172 

 

Fuel 
Con./yr. 
(Litres) 

5,613 

 

1,576 

 

No fuel 1,009 

 

5,776 

 

CO2   

Emission 

(kg/yr) 

15,239 4,170  4,170 15,209 
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The use of renewable energy could help speedy propagation of ICTs to the grassroots 
in all parts of the country. It could inspire strong collaboration amongst the 
stakeholders within the industry namely the telecom operators, government, NGOs, 
academia and community information centres in the rural and remote areas based on 
a business model that will affect the sustainability of ICTs in order to lessen the digital 
divide. The research was carried out between April 2010 and May 2013. The research 
contributes to better understanding of the problems related to wider renewable energy 
and Telecom/ICT penetration. It also proves that the decentralized approach of power 
supply is ideal to surmount the current challenges of conventional power generation 
and this system is equally competitive. It equally provides decision makers in Ghana 
guidance on the needs and alternatives if a higher share of renewable energy is to be 
sought for development. 
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Resumé 

Pålidelig og bæredygtig energiforsyning spiller en væsentlig rolle i forbindelse med 
anvendelsen af IKT (Informations- og Kommunikationsteknologi) i forskellige 
service -og fremstillingssektorer, som har revolutioneret verdensøkonomien i de 
seneste par årtier. 

Den indbyrdes afhængighed mellem pålidelig el-forsyning og 
telekommunikationsinfrastruktur har været et centralt omdrejningspunkt for 
udviklingen af de sammenhængende økonomiske, sociale og miljømæssige 
dimensioner af bæredygtig udvikling. Telecom og el-infrastrukturen er afgørende for 
en effektiv IKT-udvikling, der igen har været primus motor for et velfungerende 
moderne samfund og økonomien. Mange undersøgelser har vist, at IKT er en 
universel teknologi, der har væsentligt har ændret processerne i de økonomiske 
aktiviteter i verden i de seneste par årtier. Dette er generelt tydeligt i den seneste tids 
økonomiske udvikling i USA og de fleste andre lande over hele verden. 

Mobiltelefoni i Ghana og mange andre afrikanske lande udviser hastig og hidtil uset 
vækst i antal  abonnenter, og dette kan bruges som et springbræt for IKT-udvikling. 
Efterspørgslen efter elektricitet, til denne voksende tele- og IKT-aktivitet i Ghana, 
ventes at stige som følge af en stigende befolkning, interesse for moderne IKT-
tjenester og industriel udvikling. Da hele samfundet bliver mere og mere afhængig af 
informationssystemer, er forståelsen af den indbyrdes afhængighed mellem de 
forskellige infrastrukturer afgorende for den sociale og økonomiske udvikling. 
Hovedsagelig byboere i Ghana har i øjeblikket adgang til IKT-faciliteter, fordi 
omkring 59 procent af befolkningen bor i landdistrikterne, hvor de ikke har adgang 
til grundlæggende teleinfrastruktur og pålidelig elektricitet til at opretholde IT-
virksomhederog generel IKT-aktivitel. Både by-og landområder har begrænset eller 
ingen adgang til el-forsyning, og dette kan forhindre ghaneserne i at høste fordelene 
ved informationsalderen. 

For at overvinde disse udfordringer inden for elforsyning, er det vigtigt, at naturlige 
energikilder såsom solcelleanlæg og vindenergi er prioriteret højt. Solcelleanlæg bør 
f.eks. gives den nødvendige støtte fra de politiske beslutningstagere, teleoperatører 
og alle andre interessenter i Ghana og andre afrikanske lande, fordi det har potentiale 
til at skabe billig og pålidelig elektricitet. Solen er, en vedvarende kilde, som er let 
tilgængelig i rigelige mængder over hele landet og kontinentet. 

Denne afhandling fokuserer på udvikling af en ramme til kvantificering af den 
indbyrdes afhængighede mellem telekommunikation og et pålideligt elsystem, idet 
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muligheden for at indføre vedvarende energi (sol- og vindenergi) i den ghanesiske 
teleindustri undersøges som en mulighed for at øge og stabilisere energiforsyningen 
til mobil teleoperatørerne. Undersøgelsen 

bidrager med en analyse af de bidrag, som solcelleanlæg kan yder i økonomiske, 
sociale og miljømæssige udviklingssammenhænge. Strategien for undersøgelsen 
omfatter identifikation af udfordringer gennem rundspørge og interviews kombineret 
med gennemprøvede teknikker for energisystemsimuleringer med grundlæggende 
omkostningsanalyse. 

Betydningen af denne forskningsundersøgelse er især belysning af de mulige bidrag 
fra sol- og vindenergi gennerm simulering af energiforbruget i de mobile 
transceiverstationer og dermed udvikling af bæredygtig energianvendelse inden for 
Telecom (SEAT modellen). De resulterende profilerne er beregnet til at blive anvendt 
til at vise pålideligheden af vedvarende energi telekommunikationsnet. 

Vi har præciseret de vigtige spørgsmål, der skal behandles for at opnå en vellykket 
indførelse af solcelleanlæg til en bæredygtig udvikling af IKT i Ghana. Dette er 
foranlediget af erfaringerne med tilbagevendende strømafbrydelser og udsving, 
knaphed på dieselolie og tyveri på basestationer. 

Afhandlingen beskriver proceduren for følsomhedsanalyse af indbyrdes afhængige 
systemer og præsenterer en praktisk anvendelse gennem simulering på basestationer 
forskellige steder i Ghana. Ifølge undersøgelsen er anvendelsen af vedvarende energi 
på telecom-basestationer pålidelig og økonomisk. 

Der er anvendt både kvalitative og kvantitative forskningsmetoder med casestudier 
på tre lokationer, hvor forsyningsbehovet bruges til bestemmelse af kapaciteten af 
vedvarende energi i hybridsystemet, der kan producere tilstrækkelig energi. Dent 
tilstrækkelige energi matcher base stationens drifts belastninger og kan levere strøm 
uafbrudt uden megen forstyrrelse på telenettet. Dette system er designet med henblik 
på, at vedvarende energikilder alene kan tage sig af efterspørgslen fra BTS (base 
transceiver station) med et anlæg, der er teknisk og økonomisk muligt. 
Dieselgeneratorer blev brugt til at supplere op ved eventuelle kortsigtede udfald for 
at imødekomme efterspørgslen under dårlige vejrforhold og om natten ved 
systemsvigt. Den decentrale strømforsyning er ideel til at overvinde de aktuelle 
udfordringer inden for konventionel elproduktion, og dette system er lige så 
konkurrencedygtigt. Det endelige hybridsystem, der efter simuleringer blev valgt til 
hver af undersøgelsens lokationer, har de mindst mulige vedvarende energikilder, 
som er nødvendige for at matche belastningen, men bruger dieselgenerator som 
supplement. De forskellige systemkonfigurationer såsom solcelleanlæggets størrelse, 
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vindmøllestørrelse og systemets batterikapacitet er taget i betragtning. 
Minimumsstorrelsen for vedvarende energikilder til at forsyne transceiverstationen 
de tre steder, hvor undersøgelsen blev gennemført, blev simuleret med 
dieselgenerator for at finde det optimale forsyningsmix til hver station. Resultatet er 
sammenfattet i nedenstående tabel. 
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De udvalgte systemer er langt billigere og mere pålidelige til effektiv drift af 
transceiverstationerne. 

Brugen af vedvarende energi kan hjælpe med hurtig udbredelse af IKT til 
græsrødderne i alle dele af landet. Det kunne inspirere til stærkt samarbejde 
mellem de berørte parter inden for branchen nemlig teleoperatører, 
regeringen, NGO'er, akademiske kredse og bysamfundenes 
informationscentre i landdistrikter og fjerntliggende områder baseret på en 
forretningsmodel, der vil påvirke bæredygtigheden af IKT med henblik på at 
mindske den digitale kløft. 
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the timely authorization of credit cards, instant trading in the stock market and the 
use of automatic teller machines (ATM). ICT have been embraced by a lot of people 
who believe that these innovations can play a significant role in shaping economic 
growth and improving gross domestic product (Sahoo, Dash, & Nataraj, 2010). ICTs 
have demonstrated the ability to enhance economic activities through improved 
manufacturing and employment capacity. The use of ICT also contributes to raise the 
general social level of citizenry through service delivery as well as help democratic 
participation of the citizenry and dissemination of government information (Ouyang 
& Duenas-Osorio, 2011) (Gruber & Koutroumpis, 2010).  

ICT have help accelerate economic growth by increasing job opportunities, improved 
productivity as many organizations depend on it for their operational activities. 
Individually, ICT has made it possible for people to undertake economic activities 
such as bank transactions, transferring money to relatives, or booking tickets for 
public transportation. ICT has brought the world closer together and contributed to 
improved quality of social life.  

The application of ICT innovations by many countries, has contributed to an increase 
in gross domestic product (GDP) as shown by the Organization for Economic Co-
Operative Development (OECD) countries (Gruber & Koutroumpis, 2010). For 
example, within the European Union and OECD countries, ICT has been widely 
recognized to be an engine of growth. ICT has contributed to 5.6% of gross domestic 
product (The World Bank, 2009). 

The economic effects of ICT on Ghana have not been quantified, but the telephone 
penetration density-mainly mobile- increased from 3.4% in 2002 to 52.4% in 2008 
(Ghana Statistical Service, 2009). The rapid growth in Telecom/ICT enabled faster 
means of communication and reduced travelling to deliver simple messages. ICT 
application is therefore expected to have influence on government agencies in 
promoting social and economic development of Ghana (Gruber & Koutroumpis, 
2010)  (Baqir, 2009). 

According to many comprehensive ICT research studies, telephones have been a 
major contributor to improved information flow (Thompson Jr & Garbaz, 2007). In 
the past, researchers have noted how landline telephones positively improved the 
economic development of organizations since the landlines increased the interaction 
of managers and their workers. Some researchers argue that the telephone has been 
pivotal in fostering socio-economic benefits of ICT (ITU, 2006), (Thompson Jr & 
Garbaz, 2007). Other researchers have described ICT as an innovation that improves 
the quality of life of the people who have access to the innovation by creating 
employment opportunities and help in democratic empowerment to all class of people 
through dissemination of government policies.  ICT can improve health care delivery 
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operations of the equipment, air conditioning units are provided and the air 
conditioning units also add up to increase the electricity consumption.  

(Keniston, 2003)  also pointed out a unique cause of ICT failure in developing 
countries, thus the ICT developers are not familiar with the local challenges and 
therefore are found wanting during the implementation of the ICT activities.  

While some of the local challenges can be addressed successfully by technological 
innovations, others require rethinking the fundamental tenets of our energy 
generation industry. Renewable energy generation and/or the production of electricity 
close to the Telecom facilities offers one viable solution to these local challenges. 
Generating electric power on the local scale or close to the Telecom facilities can 
increase security of supply in terms of reliability, stability and constant supply. These 
local measures/solutions can result in a significant reduction of transmission and 
distribution losses since no distant high tension poles, conductors and other 
accessories will be used. By utilizing local renewable energy sources, there will be 
no clearing of vegetation to make way for transmission lines, there will be less 
deforestation and pollution of the environment as the renewable energy produces 
negligible pollutants and also the electricity bills will be less. Furthermore, generating 
electricity locally will create new employment opportunities (OECD/IEA, 2015).  

Due to policy, legal, administrative challenges, technical constraints and limitation 
perception of Ghanaians, there has not been significant application of renewable 
energy especially within the Telecom/ICT industry. But the encouragement I gather 
from this study portraits positive realization of great potential for electricity 
generation from solar and wind resources across the country and the great priority the 
government of Ghana attaches to electricity generation from renewable sources. 

This research reveals the limitation of renewable energy application in Ghana and 
also proposes recommendations for overcoming the challenges. The study assess how 
the existing policy framework of Telecom and electricity generation have been 
structured and how the stakeholders in the industry contribute to planning and 
implementation of policies. Some other constraints identified were related to policy, 
regulation, administrative procedures and technical feasibility of renewable energy. 
Upon analysis and understanding the root causes of the constraints, the study suggests 
some recommendations that can improve the existing policy framework.  

Since this research is the first of its kind in Ghana, it is necessary to introduce a 
pragmatic and sustainable strategy, which should be guided not only by short-term 
financial gains, but also the strategy should have long term repercussion on 
development of the citizen as well as address the challenges in which the technologies 
are embedded for good. Therefore, this study contributes to a better understanding of 



 

22 
 

 

the problems related to renewable energy application in Ghana. It also provide 
guidance for decision-makers on the advantages of decentralized electricity 
generation. The study also contributes to knowledge by providing detail overview of 
potentials and technicalities involved in renewable energy application across the 
country. The study identifies and analyses renewable energy technical feasibility and 
economic viability in Ghana and could be used by investors as it provides detail 
account of the potential of solar and wind energy in the different parts of the country 
with focus on the case study of base station for mobile communication. 

1.3. Benefits of Renewable Energy Application in Ghana. 

Renewable Energy application shows great prominence in Ghana. Below are some 
benefits that can be derived from renewable energy application in Ghanaian 
telecommunication industry. 

1.3.1 Security of Electric Power Supply in Ghana. 

The well-known recognized contribution of renewable energy are (i) decrease in fuel 
imports dependence, (ii) reduction in dependency on the fluctuation in international 
oil price, (iii) diversification of fuel mix through the introduction of more energy 
sources (iv) reduction of vulnerability of diesel fuel theft, (v) reduction of blackout 
due to archaic equipment and distribution challenges, (vi) offer the option for 
Telecom operators having their own power to be used in case the national system 
fails. Ghana has depended upon oil imports for over thirty (30) years for electricity 
generation, and for several years, the price of oil has been increasing. Fortunately, 
renewable energy (solar and wind) are abundant in Ghana and capable of providing 
better quality and reliable electricity to Telecom facilities than what is being provided 
currently from the national grid.  

1.3.2 Economic Benefits of Renewable Energy for Telecom in Ghana  

The main economic benefit of renewable energy is the use of free fuels which is in 
abundance. Renewable energy can reduce the cost of electricity generation and bears 
less financial risks due to its size. Because renewable energy can be generated close 
to the Telecom facilities, several components can be avoided and that could reduce 
transmission and distribution losses and costs. The reduction in the transmission and 
distribution components becomes additional cost saving on rehabilitation and/or 
expansion of the transmission and distribution networks. Renewable energy can 
provide electricity in remote areas to serve the telecom facility. The units are flexible 
for easy installation and operation. Because of their relatively small size, they require 
lower investment cost than the conventional large scale power plants. Renewable 
energy can provide reliable electric power and reduce random and unpredicted power 
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outage and power fluctuation which is the current practice from the national grid in 
Ghana.                                                                                                       

1.3.3 Social Benefits of Renewable Energy in Telecommunications in 
Ghana. 

Renewable Energy can increase comfort through the provision of improved power 
quality and reliability of supply that can eliminate blackouts. Renewable energy can 
provide electricity to remote areas where it is extremely expensive to connect/extend 
national grid. By installing Renewable energy close to Telecom facilities, Telecom 
operator(s) can reduce their electricity bills to a lower price.  

1.3.4 Environmental protection benefits of Renewable Energy in Ghana  

Little or no carbon dioxide is one of the significant benefits of RE technologies. RE 
(solar and wind) produces negligible amount of carbon dioxide emissions. There is 
less destruction of vegetation and no harm to wildlife because RE installations can be 
localized and there is no need for destroying vegetation for transmission lines. There 
is also completely no/less pollution from the solar and wind power systems. 

1.4 Aim and Objectives 

The long term goal of this research is to contribute to the promotion of sustainable 
and reliable energy generation for the telecommunication industry in Ghana, and also 
to provide a basis for further research on alternative sources of power supply to the 
telecom facilities which can minimize/eliminate the existing frequent electric power 
outages. 

The immediate objective of this study is to investigate how the application of 
renewable energy enhance Telecom/ICT industry by describing the present state 
of power generation in Ghana, to access the potential of solar and wind resources 
and to identify existing policies for the promotion of Renewable Energy in 
Ghana telecom. 

The research under the first objective is undertaken in order to reveal the factors that 
can contribute to the Renewable Energy application in telecom. At present, this is the 
first overview of its kind that combines information from many sources. The 
information gathered on both telecom policy issues and Renewable Energy 
applications is used as a basis for the analysis related to the other sections of the study. 
Also, the most statistical data in solar and wind energy resource as well as telecom 
penetration in Ghana have been gathered during the time of the study. Studies on the 
potentials of Renewable Energy in Ghana are reviewed in order to explore the 
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opportunities of deploying the technology across the country and to evaluate other 
Renewable Energy potentials available apart from wind and solar. 

To achieve the objective, the main actors and institutions (Telecom operators, 
Ministry of Communication, Ministry of Energy, Energy Commission, Volta River 
Authority, Electricity Company of Ghana, experts in energy and Telecom) are 
identical. Their capacity and co-operation were studied a little in order to provide a 
starting point for the research. 

Another objective is to access the techno-economic viability of solar and wind in 
Ghana Telecom application.  

Electric power generation and distribution have been planned in a centralized form 
by the state, therefore though Renewable Energy exhibit very reliable form of power 
generation, it is yet to be incorporated into the national energy mix of the country. 
The study touches on the forms of energy generation and their implications. Although 
information on the possible economic and technical limitations were gathered, other  
limitations such as policy regulating environmental and social issues are briefly 
toughed, mainly at the basis of expert information provided in interviews and 
personal communications. 

The final objective for this study is to propose an alternative source of power to 
the unreliable grid supply at the base stations.  

Ghana has depended on Electricity generation from hydro and thermal and power 
sources for more than two decades. These sources of electric power generation have 
never met the power demands of the population because of population growth in the 
urban cities where national grid electricity is available. Many rural and remote 
communities never had access to grid electricity. This study seeks to propose 
Renewable Energy as an alternative source of electric power to the unreliable grid 
supply currently available particularly in the Telecom base stations, which are 
uniquely positioned to accelerate the development of Telecom/ICT industry in 
Ghana. 

1.5 Research Questions 

This study has one key research question, in addition to several subsidiary 
questions.  The main research question is: How can renewable energy application 
enhance Telecom/ICT operation in Ghana? 

The subsidiary research questions are: 
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1. What are the critical factors influencing sustainable development of 
telecommunication and ICT use in Ghana? 
2. How does the unreliable supply of electricity affect the operations of the 
mobile telecom operators? 
3. How can a relevant framework be modeled to incorporate the challenges 
hindering sustainable ICT application? 
4. Can renewable energy provide reliable electricity for the base transceiver 
stations in Ghana? 
5. What will be the financial benefit/cost of renewable energy to the Telecom 
operator? 

1.6 Motivation for the Research 

First, the Ghana Telecom industry has depended on unreliable grid electricity and 
diesel engine generators for the operation of telecommunication facilities, so creating 
a reliable energy source to serve the industry is very important. 

Secondly, no professional research has been performed to evaluate the use of solar 
and wind energy in the base transceiver stations in Ghana.  

1.7 Research Limitations 

The greatest challenge encountered during this study is that renewable energy is not 
a widely used form of energy technology for Telecommunications, especially in 
Ghana and so there is a limited literature. From theoretical point of view, it has been 
very challenging to choose one framework that could explain the blend renewable 
energy innovation with telecommunication and also be able to explain the 
circumstances of development in Ghana. This is because Ghana is a small developing 
country and its power generation is centrally planned and owned by the state. This 
makes it difficult to apply a well-established theories to the study. In addition, 
renewable energy for Telecommunication is a new innovation and requires 
interdisciplinary approach that is the reason why the study adopted different 
approaches. 

Due to limitation of resources and time, relevant aspects such as regulation (support, 
rules and legislation to promote renewable energy) were discussed. During the study 
it became obvious that Telecom operators have no clear cut policies on energy use 
and that the administrative procedure was a big challenge encountered. The author 
tried to review as many relevant authorization from different ministries as possible, 
but it is possible that there are omissions due to adamant nature and reluctance in 
releasing inform by individuals. 
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Although some issues could not be discussed in detail or were omitted, the author 
believes that the study draws a clear picture of the challenge of electricity to the 
Ghana telecom industry as well as the potential opportunities for renewable energy 
application in Ghana. 

The study anticipated lack of cooperation and reluctance from stakeholders in 
granting interviews and providing us with the necessary information. It was therefore 
not surprising that some of them turn us out. However, on the whole interviews were 
granted and supports were provided from various experts and stakeholders who were 
approached, for which the author is most grateful. 

1.8 Methodology 

1.8.1 Stages of the study 

The study was conducted in three stages. The initial stage of the study was 
descriptive, where documents were reviewed. The second stage was both a 
descriptive and an exploratory study. This involves a combination of document 
review and interviews. The third stage is the Hybrid Optimization Multiple Energy 
Resources (HOMER) software simulation. The study is mainly qualitative in nature, 
with some quantitative data gathered to support the arguments. 

1.8.2 Research Techniques 

The technique adopted for the study were different in various parts of the study. In 
the first phase, renewable energy and telecom related issues (policy) were studied 
through identification of actors (telecos, experts) and institutions that are responsible 
for Telecom/ICT and electricity issues. The study used opportunistic sampling 
techniques which Miles and Heberman (1994) described in the research snowball or 
chain. According to them, the snowball technique relies on experts or documents in 
the area can suggest further reference to other documents and persons. In 
opportunistic sampling, the researcher takes advantage of the opportunities that 
emerge unexpectedly or by following new leads. 

1.8.3 Data Collection 

Two techniques of data collection were used; document review and interviews. The 
study of documents was a central part of each phase of the research. In order to reveal 
and understand the problems in detail, interviews were used. Data collected was 
converted to electronic form together with carefully managed information collected 
from documents, interviews and field notes. 
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data collection and information processes from the Telecom operators and other 
stakeholders are highlighted. The remaining portion of the chapter describes data 
analysis and study constraints.  

Chapter 6 - Electricity and Telecom/ICT challenges in Ghana: Discussion of the 
detailed findings of the study. It begins with the power situation in Ghana and then 
touches on the technical, political and institutional challenges related to both the 
electricity sector and the Telecom industry.   

Chapter 7 - Hybrid Optimization Model for Electric Renewables (HOMER) 
Simulation and Results: Focus on HOMER simulations to confirm or otherwise test 
the viability and technical feasibility of applying renewable energy in the base 
transceiver station in Ghana. It also discusses the outcome in relation to financial, 
technical, social and ecological dimensions of sustainability of renewable energy.  

Chapter 8 - Discussion of results of the interviews and field survey findings. The 
chapter also introduced a discussion of the development of Sustainable Energy 
Application in Telecom (SEAT) model for Telecom and ICT industry in Ghana and 
other developing countries. 

Chapter 9 - Provides a recap of the research and the main findings and indicates how 
these findings relate to academia and their practical implications.    

Chapter 10 - Conclusion: the concluding chapter of the research provides a recap of 
the background of these studies. The chapter also outline the benefits of renewable 
energy and recommendations for acceleration and development of the Ghana 
Telecom industry.   
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mobile phones (International Telecommunication Union (ITU), 2013). The advent of 
mobile telephony devices with increasingly powerful internet capabilities has 
changed the dynamics of global telecommunication (ITU, 2010). Mobile 
technologies have moved from ordinary voice transmitting and receiving devices to 
complete computing and communication that provide voice, text, pictures, video and 
other types of multimedia (ITU, 2014). Mobile technologies have changed the way 
we think, the way we interact and the way we do things. These technologies have 
made it more convenient to communicate using emails, short messaging services, 
multimedia messaging services,  play interactive games online, downloads music, 
find friends, conduct business and banking transactions, purchase tickets, video 
conferences, implement educational training programs, among many others 
(Beardsley, Enriquez, Bonin, Sandoval, & Brun, 2010). There have also been 
continuous improvements in the bandwidth capabilities and reliability of mobile 
technologies, such as mobile networks, screen resolution and color displays. These 
improvements have made mobile phones a general-purpose tool.  

Presently, many people see ICT as educative and entertainment platforms for 
promoting ideas and interests (Beardsley, Enriquez, Bonin, Sandoval, & Brun, 2010). 
Recently, the global proliferation of the mobile phone has actually boosted the 
prospects of ICT in socio-economic development (Welsum, 2008) and it is perceived 
that ICT can have a positive impact on state governance, improve education and 
healthcare delivery and promote intercultural relationships (Beardsley, Enriquez, 
Bonin, Sandoval, & Brun, 2010).  

2.3 Telecom/ICT Market Structure and Development Trends  

The two main factors that have contributed to the growth of Telecom/ICT over the 
years have been privatization and competition within the industry (Li & Xu, 2004). 
These factors have compelled an increase in market responsiveness to high demand 
for ICTs which have promoted innovative service development. ITU estimated that 
at the end of the 2014, there were about 7 billion mobile phone subscribers in 
comparison to 6.8 billion in 2013 and 5.4 billion in 2010 and 4.7 billion in 2009. It 
also estimated about 2.3 billion mobile broadband subscribers worldwide in 2014 
(ITU, 2013) (ITU, 2014).  

Between 2003 and 2013, the global Internet use increased indicating the level of 
acceptance of the innovation. The global Internet usage was approximately 3 Billion 
users as of the 31st December 2014 (Figure 2.2 and 2.3).  
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Figure 2. 2 Global Internet Users 

Source: ITU World Telecommunication/ICT Indicators Database. 

 

Figure 2. 3 Global Internet Penetrations  

Source: ITU World Telecommunication/ICT Indicators Database. 

Figure 2.2 and Figure 2.3 represent the statistics of people having access to modern 
information technologies such as the telephone and internet. Also figure 2.3 
illustrates that at the end of the 31st December, 2013, about 60.8% of The Americas 
population and 74.7% of the European population had access to the internet, but in 
developing countries access to ICTs is different, especially in Africa which is lacking 
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connections and being able to afford services so it brings about the digital divide 
(Dmitry.Epstein, Nisbet, & Gillespie, 2011). Countries with higher ICT penetration 
have attained high efficiency in business processes which has resulted in their 
products and service quality being very high (European Commission, 2008).  

 

Figure 2. 6 Fixed- Broadband Growth  

(Source: ITU World Telecommunication/ICT Indicators Database). 

2.3.1 Telecom/ICT Development in Developing Countries 

Telecom and ICT networks in developing countries have witnessed an unprecedented 
growth in the past decade.  This has attracted considerable attention both locally and 
internationally due to the notion that ICT has the potential of impacting social and 
economic development in these countries (ITU, 2014). With the advent of mobile 
telephones, there is an increasing quantity of people in developing countries that are 
connecting to mobile networks (ITU, 2014) (International Telecommunication Union 
(ITU), 2013).  Currently, Africa has now been identified as the region where mobile 
Telecom has improved communication (ITU, 2014). The proliferation of ICT in 
many developing countries has contributed to exponential growth of all sectors. It has 
also been accepted as being necessary for stimulating socio-economic development. 
There are some governmental plans and strategies for developing countries, but it is 
believed that more literature is required (Baqir, 2009).  Out of the 6 billion estimated 
mobile phone users in 2011 as reported by ITU, developing countries account for 
about 4 billion.  The Internet usage in Sub-Saharan African region increased from 4 
million in 2000 to 139 million in 2011 (ITU, 2013).  
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Figure 2. 7 Internet Power Consumptions  

(Source: Internet Systems Consortium- www.isc.org). 

2.7 Energy Consumption of ICT Use 

The energy consumption within the ICT sector can be divided into six significant 
segments (Figure 2.8). These segments are: the fixed telephone network (15%), the 
mobile telephone sector (9%), data centers (23%), the local area network (7%), 
printers (6%) percent, and PCs and Monitors (40%).  

When evaluating power consumption of Telecom and ICT devices, one needs to 
consider that the premises where the equipment are located needs to be cooled and 
avoid any power failure. This is express in as Power Usage Effectiveness (PUE) 
overhead which denote the factor by which the equipment is to be multiplied in order 
to know the total power consumption (i.e. equipment + overhead). 

Fixed Line Access: 

In fixed line access, the power per subscriber is stable because each subscriber has 
dedicated connection. Fixed line technologies such as digital subscriber lines (DSL) 
modem in the customer premises consumes 5 - 10 watt, while the gateways for optical 
networks also tend to have higher energy consumption than the DSL. 
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Asymmetric digital subscriber lines (ADSL) equipment consumes 1 - 2 watts per 
subscriber, Very- bit- high - rate digital subscriber lines (VDSL) equipment consumes 
3 - 5 watts per subscriber. While optical network equipment consumes 10-20 watts 
per connection.  

Wireless Access Network:  

In wireless networks, base stations have highest power consumption. A Base station 
is defined as an equipment needed to communicate with the mobile station and the 
backhaul network. The power consumption in wireless network per subscriber 
depends on the subscriber density in the coverage area. High Speed Packet Access 
(HSPA) consumes about 68 watts per subscriber because of its low frequency. Mobile 
Worldwide Interoperability for microwave access (WiMAX) consumes 
approximately 2.9 kW per base station and a range of 340 metres. Long Term 
Evolution of 3G (LTE) consumes about 3.7 kW per base station, and a range of 470 
metres. However, comparing power consumption per user for a subscriber density of 
300 users per km2, LTE performs best with a power consumption of 18 watts per 
subscriber followed by WiMAX with power consumption of 27 watts per subscriber 
(Vereecken, et al., 2011). 

Core network: 

The function of core networks is to transfer traffic streams between different sites by 
using high-end and low-end routers. Though the high-end routers are more efficient, 
they consume more power than the low-end routers. On average, present day core 
router consumes about 0.05W/Mbps. It is estimated that at ADSL access bit rates (8 
Mbps), the core consumes about 0.24W/subs. As the access rate increases to 
100Mbps, the power consumption will increase to approximately 3W/subs 
(Vereecken, et al., 2011). Currently, the power consumption in core networks is 
significantly lower than the access network, however, with increasing bit rates the 
power consumption of core networks will increase. 

Devices in Customer Premise(s): 

The power consumption of devices under fixed line technologies, such as DSL 
modem in customer premise consumes between 5 and 10 watt, which is higher than 
the power consumption in the access network. Home gateways for optical networks 
also tend to consume more energy than their DSL counterparts. In wireless networks 
the power consumption of the mobile stations are much lower since these are 
designed for mobile application(s), which require low power consumption for long 
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2.8.1 Electricity Generation  

The demand for electricity greatly contributed to the evolution of modern civilization 
through the development of machines for transportation, communications and many 
others. According to the International Energy Agency (2010), in 1973, the electricity 
generation was 6116Twh. At that time, the fuel shares of electricity generation were 
38.3% for coal, 24.7% for oil, 21% for hydro, 12.1% for gas, 3.3% for nuclear and 
other forms of generation were only 0.6% (International Energy Agency, 2010).   

 

Figure 2. 9 Fuel share of electricity generation in 1973 and 2008  

(Source: IEA, 2010). 

Though electricity generation increased to 20181Twh by 2008, there was a 5.5% drop 
in the use of oil. However, coal, gas and nuclear resources for energy generation 
increased to 41%, 21.3% and 13.5%, respectively. In addition, there was a 2.8% 
increase in renewable sources; however, there was a 15.9% decrease in hydropower 
(International Energy Agency, 2010).  
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Figure 2. 11 The Percentage of Greenhouse Gas Emission from the Various Sectors. 

Source: International Energy Agency, 2011) 

As an extension to the Kyoto Protocol, another world conference on climate change, 
the Copenhagen Summit in 2009, was organized by United Nations Climate Change. 
This summit acknowledged the reality of climate change and agreed that some action 
should be taken to reduce ambient temperature increases to below 2°C. In order to 
achieve this target, a set of policy instruments were created to minimize emission at 
the lowest cost through innovative policy initiatives that promote activities related to 
greenhouse gas emission trading and use of renewable energy.  

2.11 Initiatives to Combat Climate Change 

Group of environmentalist, such as World Wildlife Fund (WWF), Greenpeace and 
other groups are promoting renewable energy in an effort to improve energy 
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Date Population Growth Rate  

(%) 

1960 6,726,815 N/A 

1970 8,559,313 27.2 

1984 12,296,081 43.7 

2000 18,912,079 53.8 

2010 24,658,823 30.4 

   

Table 3. 1 Population Growth of Ghana 

 (Source: Ghana Population Census, 2010) 

 According to the 2010 census of Ghana, the Ashanti region is the most populous and 
also one of the developed regions while the Upper West region is the least populated 
region (see Table 3.2).  
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being undertaken by the Ghana Posts and Telecommunications Corporation by 
increasing network coverage, implementing value-added Telecom services and 
increasing the subscribers' access to terminal equipment (Alhassan, 2003) (Addy-
Nayo, 2001). By the end of the year 2000, the number of telephones lines increased 
remarkably, especially mobile phones. The mobile subscribers were a little over 
90,000 which corresponds to 0.5%. Internet service provision also improved 
significantly with the authorization of over 140 Internet protocol service providers. 
For example, a number of companies were authorized to establish data networks 
using very small aperture terminals (VSATs) and/or frequencies to provide fixed and 
wireless broadband services to their clients such as the banks and mining companies 
(National Communication Authority, Ghana, 2009). 

In 2002, the government of Ghana pursued an ICT-driven socio-economic 
development policy. This ICT policy was intended to transform Ghana into an 
information-rich, knowledge- based, technology-driven and high-income economy 
and society as quickly as possible (National Communication Authority, Ghana, 
2009). In 2005, the National Telecom Policy was enacted to increase telephone 
penetration to 25% by 2010. In 2006, the country recorded about 5 million 
subscribers. By 2008, the mobile subscription soared beyond 11.5 million subscribers 
which translates to approximately 51.8% (National Communication Authority, 
Ghana, 2009). By 2010, the subscriber rate rose to 74%, almost three times the set 
target by the national Telecom policy (see Table 3.3). In relation to the mobile market, 
the fixed line market growth differed (see Table 3.3).  At the end of 2002, fixed line 
subscribers numbered about 270,100 which corresponded to 3.4% penetration of the 
total population. The Telecom market saw a steady growth in 2002 from 653,100 to 
11,714,300 by the end of 2008 when the entire coverage area of the mobile cellular 
signal was about 33 percent of the country (National Communication Authority, 
Ghana, 2009). Table 3.3 shows the details of telecommunication usage in Ghana.  
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Table 3. 3 Telephone Subscription in Ghana between 2002 and 2008  

Source: National Communication Authority, 2009 

 

Table 3. 4 Telecommunication Indicators persons 12 years and older 

 Source: Ghana Population Census, 2010 
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Table 3. 5 Electricity Generation in Ghana  

Source: GRIDCo, 2010 
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Figure 3. 1 Map of Ghana Showing Electricity Distributions 

 (Source: GRIDCO, 2010) 
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