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ABSTRACT

The East African Rift is among the most crucial regions of the world endowed with a remarkable
geothermal potential. Using current technologies, East African countries have a geothermal power
potential of more than 15,000 MWe. Nevertheless, the zone is still at an early stage of geothermal
development with few plants producing a few hundred MWe. Among East African countries that
have carried out research on geothermal resources, Kenya is leading in utilising geothermal energy
resources for electricity generation. Eritrea, Uganda, Tanzania and Djibouti are at exploration stage
while Malawi and Rwanda have so far not gone past geothermal resource potential record work.
This study sought to address the challenges and barriers to the adoption of geothermal energy as
well as the strategies to implement geothermal energy plans in East Africa.
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1. INTRODUCTION

Most of the East African countries depend on the
diminishing fossil fuels as a primary source of
energy. The major energy crisis surrounding
this energy sources is hastily becoming the
biggest challenge facing our generation. With
diminishing supplies of fossil fuels as well as
increase in pollution [1-2], East African
governments are committed to explore and
develop alternative sustainable energy sources
[3]. The commitment arises due to the following
factors [4]:

1. The continued

energy demand
2. The decline in fossil fuel supply
3. Recent effects of drought

intensification of global

Traditional biomass fuels consumption in East
Africa represent 70 to 90% of total energy
production [5]. However, its high consumption
leads to deforestation which further contributes to
environmental degradation.

Renewable energy sources such as solar, hydro,
geothermal etc. represent the smallest fraction of
the total energy generation, averaging to 2% for
solar, geothermal and hydropower generation as
illustrated in Table 1.

Currently, hydro is the predominant source of
electrical energy production averaging 70%, [6].

reduce the overreliance on fossil fuel, there is a
need to explore geothermal energy generation
which is an environmentally sensible alternative
to fossil fuels [7-9].

In this paper, the endeavour has been made to
assess the geothermal energy resource
utilisation and potential in East Africa as well as
the barriers to its adoption and the strategies to
overcome them.

2. GEOTHERMAL ENERGY POTENTIAL
IN EAST AFRICA

The Great East African Rift illustrated in Fig. 1 is
among the most crucial regions of the
world endowed with a remarkable geothermal
potential [10]. Using current technologies, East
African countries have geothermal power
potential of more than 15,000 MWe [5].
Regardless of this potential, only Kenya has
an active geothermal project as part of
her infrastructure for electricity generation
[11].

The world produces about 8,900 MWe of
geothermal power with Philippines producing
over 1,900 MWe and Indonesia producing
approximately 589 MWe. Kenya and Ethiopia
have an installed geothermal energy capacity of
137 MWe. Since the early 1980’s, the total
geothermal power generation of Kenya has
been rising from 15 MWe to 130 MWe at Olkaria
[12].

Varying level of geothermal research and
exploration have been carried out in Uganda,
Eritrea, Zambia, Tanzania, Djibouti and Malawi. It

was established from the research and
exploration that Dijibouti, Kenya, Uganda,
Ethiopia and Tanzania have the greatest

However, the recent droughts leave many to geothermal energy potential for electricity
query how reliable this source is. Therefore, to  generation [12].
Table 1. Total electricity production in the East Africa in MWe [6]

Country Thermal Hydro Geothermal Wind Total
Djibouti 85 - - - 85
Eritrea 130 - - - 130
Ethiopia 113.1 669.9 7 - 783
Kenya 346 584 130 1 1052
Tanzania 202 561 - - 763
Uganda - 300 - - 300
Total 875 2116 137 1 3127
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Fig. 1. The Great East African Rift System [13]

3. GEOTHERMAL ENERGY OPPORTUNI-
TIES IN EAST AFRICA

Recently there has been increasing geothermal
energy utilisation in East African with Kenya
leading in its development. Currently Rwanda,
Ethiopia, Djibouti, and Tanzania are taking steps

in harvesting the underdeveloped energy
resource [13].
East Africa has a huge geothermal power

potential of capacity more than 15,000 MWe
which is more than double the existing installed
geothermal power capacity across the East
Africa [14]. However, high upfront capital cost,
resource exploration risk, and lack of technical
expertise makes it less attractive for public
investment.

On May 2015, the East Africa Geothermal
Energy Facility (EAGEF) funded by the UK
Department for International Development
(DFID) was established to enhance public and
private stakeholder’s participation in geothermal
energy development for electricity generation in
Kenya, Ethiopia, Rwanda, Uganda and Tanzania
[14]. EAGEF provides advice to help put in place
transparent  regulatory  framework, legal
conditions, and the right policy in order to attract
private investors who are interested in financing
geothermal projects in East Africa [12].

4. BARRIERS AND CHALLENGES TO
THE ADOPTION OF GEOTHERMAL
ENERGY IN EAST AFRICA

Developing geothermal energy takes years for
initial survey, resource exploration, drilling and

testing, field development, constructing power
plant, and operation and maintenance. The major
barriers to the adoption of geothermal energy in
East Africa can be categorised into: financial
barrier; institutional barrier; social and
environmental barrier; and technological barrier
[15-17].

4.1 Financial Barriers

Economic feasibility is a crucial factor in
geothermal energy development. Large upfront
cost, difficulties in resource discovery, and long
payback period are the major obstacle to the
implementation of geothermal energy projects
[18-19]. The slow pace of geothermal energy
development in East Africa is due to the high
initial capital of drilling wells which costs over
US$5 million to drill one test well [11]. Investing
in geothermal energy requires one to drill a
number of wells in order to assess its potential
for a particular prospect [16].

High initial costs and the associated risks of
geothermal energy exploration is highly attributed
to lack of co-operation between the various
stakeholders  within the East  African
governments and the private sector [16]. Majority
of the Africa countries with national poverty level
of 50-70% [20] cannot afford developing
geothermal projects. Furthermore, the stringent
requirements for bank loan applications exclude
them from qualifying [21].

4.2 Institutional Barriers

The successful introduction of geothermal energy
largely depends on the existing government
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policy. Government policies are crucial factors
with the ability to create an enabling environment
for the successful dissemination of geothermal
energy resources in developing countries [15].
Furthermore, they encourage the investment of
private sector in development of geothermal
energy.

Most East African governments have no clear-cut
policy on renewable energy development and
promotion. This leads geothermal projects
developments to follow a path with no clear link
to national power master plans which are
unavailable [22]. Very low budgetary allocations
to renewable energy technologies in most East
African countries demonstrate limited policy
support for the development of renewable
energy. They place more emphasis on
diminishing fossil fuel for energy generation than
on renewables energy [23] making geothermal
energy projects development difficult.

4.3 Technical Barriers

Geothermal resources development relies on a
range of professionals with differing technical
backgrounds and experience [16]. Since 1970s
geothermal energy training has been done
through financial sponsorship in the Geothermal
Institute of Auckland in New Zealand, Pisa
University in Italy, United Nations University in
Iceland, Kyushu University in Japan, and the
University of Iceland [24]. Unfortunately, there
are fewer opportunities, around the world, for
geothermal training than there were in the 1980’s
and 1990’s. With only the United Nations
University in collaboration with the University of
Iceland being the current international graduate
school offering training in geothermal science
and engineering [25-27].

A visual inspection of East African geothermal
plant revealed a great number of foreign
technicians, with the help of a few local
consultants. This shows that the East African
governments have not yet developed an
adequate technology capacity to meet the
demands of this sector and therefore depend on
foreign technologists. This explain the low uptake
geothermal energy projects in East Africa.

4.4 Social and Environmental Barriers

Geothermal is an environmentally benign source
of energy. However, construction of geothermal
plants has an impact on nature which includes:
noise, visual impact, surface disturbance,

displacement of families, and production of highly
corrosive  brine  [28]. Therefore, social
acceptance and proper environmental
regulations are crucial factors for sustainable
geothermal energy development. Their lack
seriously hinders geothermal development.

5. STRATEGIES TO OVERCOME
BARRIERS FOR GEOTHERMAL
ENERGY DEVELOPMENT

5.1 Financial

East Africa governments should give priority to
the establishment of innovative and sustainable
financing mechanisms to promote the exploration
and utilisation of geothermal resources [12]. This
may range from:

1. Loans and grants from International
Organisations to finance geothermal
exploration and development e.g. Word
Bank, Clean Development Mechanism
grant by Global Environment Facility and
African development bank [29-30] etc.

2. The participation of private investors in
geothermal energy development

3. Established Risk Guarantee fund by
development agencies for exploratory and
appraisal drilling of projects

4. Tax incentives to encourage developers to
undertake their own geothermal resource
assessment [30]

5. Enhanced coordination among countries
and local institutions [17].

6. Reduced energy investment risks through
feed-in tariffs, Public-private partnerships
etc [31]. This attracts private investors to
finance geothermal energy.

5.2 Institutional

In order to boost geothermal energy growth in
East Africa, each East African country should:

1. Establish favourable policies and
incentives to attract private investors
[2,12].

2. Establish clear policy to enhance
geothermal energy development and
promotion [18].

5.3 Technical

In order to enhance geothermal energy

development in East Africa, each East African
country should [12]:
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1. Establish geothermal energy training
institutions designed to train manpower
with the appropriate technology to enhance
easy exploration of geothermal resources.

2. Set up some Regional Geothermal agency
networks to certify the promotion and
utilisation of geothermal knowledge in East
Africa.

5.4 Environmental

Developers must meet local environmental

requirements by:

1. Establishing special treatment for the
highly corrosive brine which is produced
from geothermal schemes.

2. Conducting regular environmental audits

3. Creating a budget to support clean
environment project activities in order for
the communities around the project area to
feel part of it [28].

4. |Involving the local in decision making for
activities which have great impact on them
[28].

6. CONCLUSIONS

In this study, the East Africa energy situation has
been outlined and her energy mix presented. It is
shown that East Africa largely depends on
traditional biomass, however, its high
consumption leads to deforestation which further
contributes to environmental degradation. From
the renewable energy data presented, East
Africa is endowed with a remarkable geothermal
potential which can contribute to its energy
supply. Despite the fact that East Africa is
endowed with vast geothermal energy potential,
it experiences a slow growth rate of geothermal
energy. The barriers to the adoption of
geothermal energy in East Africa are: unreliable
financing mechanisms, unclear policies and
regulation framework to enhance geothermal
energy development and promotion, lack of
coordination among countries and local
institutions, shortage of trained manpower and
lack of involvement of local people in decision
making for activities which have great impact on
them. The analysis suggests strategies to
enhance the growth of geothermal energy East
Africa.
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