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1. BACKGROUND
Geothermal resources has been identified in more than 80 countries in the world and
utilization of the resource has been recorded in more than 60 of these countries. The
total installed geothermal electric power by 2015 was about 11 GW world-wide
(Bertani, 2015) and 73 TWh/a of heat energy was being used for direct heating
(Lund, 2015). Electricity is currently generated using geothermal steam in 24
countries spread over all continents. In the African Continent, Kenya has been
generating electricity since 1981 (current installed capacity is about 628 MWe) and
Ethiopia started in 1998 (installed capacity about 7 MWe at present). Exploration for
high-temperature geothermal resources (for electricity production) has also been
conducted in Burundi, Comoros Islands, Djibouti, Democratic Republic of Congo,
Eritrea, Malawi, Mozambique, Rwanda, Sudan, Tanzania, Uganda and Zambia.
Many African countries have made some direct uses of their geothermal resources.
These countries are Algeria, Egypt, Ethiopia, Kenya, Morocco, Tunisia, and Zambia.
Hot springs have also been identified in Burundi, Cape Verde, Madagascar, Malawi,
Mozambique, Rwanda, Uganda and Zimbabwe.
In the framework of Energy, Climate Change and Sustainable Development Goal, the
governments of African countries are keen and committed to explore and further
develop geothermal energy as one of the alternative renewable energy resources in
their respective countries. As a result, the countries have developed energy
development strategies toward the objective of fast tracking renewable energy
projects, including geothermal resource, for power generation and direct use
applications. It is expected that African countries would develop about 10GWe power
from geothermal energy resource in the coming 15 years. It is also expected that
geothermal energy will continue to play an important role in the long term even
though other types of energy resources will also be developed in parallel. Among the
various challenges to achieve this strategic objective in a sustainable manner is the
inadequate skilled manpower in the areas of geothermal science and technology.
It is, therefore, essential that African countries develop the required capacity to
maintain high levels of activity in exploration and development of geothermal energy.
The key issues for exploration and development of this enormous “green” and
indigenous energy resource in African countries are: (i) financing, and (ii) technology
transfer. For technology transfer to be effective it needs local and regional specialists
in the fields of: (a) exploration, (b) development.
In order to address the challenge of technology transfer, African countries are
planning to set up “Africa Geothermal Center of Excellence” (AGCE) in order to build
and strengthen their institutional and infrastructural capacities and create a critical
mass of geothermal scientists and engineers in the continent. AGCE will be a vehicle
to ensure the development of skilled manpower and promotion of use of geothermal
expertise in the continent in a sustainable manner. For several years the notion of a
regional geothermal training centre in Kenya has been discussed, and in recent
years various periodical regional training courses and activities have taken place. In
the establishment of such a centre as a regional facility for human resource
development and capacity building, it is envisioned that collaboration would be
established among key stakeholders in the region including Africa Union Commission
(AUC), United Nations Environment Programme (UNEP) , United Nations University -

4

Geothermal Training Programme (UNU-GTP), Geothermal Development Company
(GDC), Kenya Electricity Generating Company (KenGen), and the donor community.
In the endeavour of creating the foundations for a regional centre for geothermal
training, coordination and cooperation will continue to be vital.
In response to this, UNEP, through its ARGeo Project, in partnership with GDC and
other countries and stakeholders, stepped up to conduct a skills gap audit and
analysis with a long term objective of establishing the Centre of Excellence.
UNEP indicated its on-going discussion with GEF and other relevant financiers for
financing the current ARGeo project as Phase II project where one of its main
objectives would be development of a critical mass of geothermal experts in the
African countries through AGCE.
This skills audit and gap analysis is being done to identify the gap as well as needs
and expectations of each of the thirteen African countries in terms of skilled
manpower development. This in turn will help to design a plan to carry out relevant
types of geothermal training and research programmes in order to meet strategic
objective of development of the resource in each of the thirteen African countries in
the next 10-15 years.
This skill gap analysis was prepared in connection with the long term objective of the
establishment of the African geothermal center of Excellence. The analysis is with
a focus on the 13 countries of the East African Rift System (EARS that includes
Burundi, Comoros, Democratic Republic of Congo (DRC), Djibouti, Eritrea, Ethiopia,
Kenya, Malawi, Mozambique, Rwanda, Tanzania, Uganda, and Zambia.
Under the ICEIDA/NDF Geothermal Exploration Project, ICEIDA and GDC have
established cooperation for support to geothermal development in Kenya with a focus
on capacity building. As a part of this cooperation and in collaboration with other
regional geothermal support programme such as UNEP and AUC, a feasibility study
for establishment of the AGCE will be initiated to ascertain the feasibility of
establishing an AGCE. The specific objective of this study is to ascertain the
feasibility of establishing a regional geothermal training centre in Africa possibly in
Kenya, and prepare a concept note with recommendations on key aspects of such a
centre, including, institutional set-up, operational model and long term sustainability
as well as financing. The outcome of this skills gap analysis will inform the feasibility
study and thus the development of the concept note for the establishment of the
regional centre.
This report benefitted from, and incorporated comments of the: (i) members of the
ARGeo countries; (ii) representatives of 13 countries of the East African Rift System
(EARS); and (iii) representatives of donors, support programmes/institutions and
development finance institutions.

1.1Geothermal training conducted so far in the region
In order to have a clear understanding on the establishment of AGCE, a review of the
previous and existing geothermal training centers is further detailed below;
The specialized geothermal science and technology training programs in Iceland
(UNU/GTP), New Zealand, Italy, and Japan contributed to human resource
development in the region during the past 30 years. For some period, the ICSUNIDO also facilitated a Geothermal Energy training Programme in 2010 and
covered mainly technology transfer concepts that include capacity building, research
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and development, geothermal Exploration Technologies Network, and Website
based scientific dissemination. Besides, since 2006, UNU-GTP (in collaboration with
KenGen and GDC) conducted a “short geothermal training” programme, in Kenya,
dedicated to specialists from African countries. Further, various regional geothermal
programmes such as UNEP ARGeo, ICEIDA, USAID, EAGP, JICA, BGR etc. Have
periodical tailored made trainings and short courses in the region.
Despite the appreciable number of professionals trained in the above institutions over
the last 20-30 years, there remain major requirements for more training in the
different specialized fields of geothermal sciences and engineering.
In this context, there is a need for establishment of AGCE that will assist African
countries, with significant geothermal potential, to build up groups of specialists with
hands on experience that cover most aspects of geothermal exploration,
development and utilization.

2. RATIONAL FOR THE SKILLS AUDIT
The last geothermal skills audit and skills gap study in the region was conducted in
2010 under the auspices of AUC and updated and revised by UNEP, through the
ARGeo Project, in 2011. Other previous skills gap assessment have also been
conducted by ARGeo/ICEIDA (2005) and JICA (2010). Since then, the interest and
keenness of each East African Country to develop the geothermal resource has
significantly increased. The strategy for development of this resource hinges on a
plan to develop +10GWe (power generation) and about 10 GWt (for direct uses) from
geothermal resources by 2025. This is projected to come from Kenya (60%), Ethiopia
(30%) and the rest (10%) or as may be reviewed from time to time.
This accelerated geothermal resource development scenario can be achieved in a
sustainable manner through capacity building and strengthening of institutional and
infrastructural capacities in the region. The exercise would be performed by carrying
out the gap analysis and identifying needs and expectations of countries in terms of
capacity building to achieve their respective strategic objectives of geothermal
resource development.
This skills gap analysis study builds on the previous needs assessment that had
been carried out by various regional support programmes including ARGeo/ICEIDA
(2005) and AUC (2010). The current skill gap analysis will update the study and
incorporate requirements of experts for fast tracking growth in the geothermal
industry in many of the countries to achieve the above targets by 2030. The
information gathered will be used for:
 Feasibility study to set up the AGCE (Financed by ICEIDA/NDF).
 Setting the training agenda and curriculum development.
 Setting the technological development agenda.
 Estimate the budget of setting up and running the AGCE.
The Kenya Government has already endorsed the development of AGCE and
pledged its support.
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2.1 Summary of Previous Studies on the needs assessment of skilled
manpower
Various regional support programmes such as ARGeo/ICEIDA (2005), AUC (2010)
and JICA (2010) have conducted needs assessment for skilled manpower in the
region. These studies were conducted at a stage where most of the countries (except
Kenya) were in preparation to put their major efforts to start development of
geothermal resources. As a result, the gaps indicated in the above studies were
linked to a stage in the exploration of geothermal development unlike the current
aggressive strategic plan for geothermal development in each country. AUC (2010)
included the need for training for 250 geoscientists, 190 Drillers, 50 Drilling
engineers, 50 Reservoir engineers and 70 technicians in the region in 2010-15.
To address that need, UNU-GTP-GDC-KENGEN short 3-week courses in Naivasha,
Kenya, 6month courses in Iceland at UNU-GTP, UNEP ARGeo short courses in
conjunction with Biennial geothermal conferences, and other tailored made training
programmes by ICEIDA and USAID were implemented.
However, none of the above mentioned training programmes has a comprehensive
approach that could satisfy the needs for countries to build skilled manpower as per
the strategic objective of development of the resources (10 GW by 2030) in a
sustainable manner. These training programmes, however, could create a
complementarity to the envisaged African Geothermal Center of Excellence which
will mainly focus on hands on experience and on-the-job training in the short term
plan, and research and development in the long term plan.

3. CATEGORIES OF EXPERTISE IN VARIOUS PHASES OF GEOTHERMAL
DEVELOPMENT VALUE CHAIN.
In order to fast track the development of geothermal resource in the region in a
sustainable manner, a large number of experts are required in the region. Experts
are required in all aspects of geothermal development including pre-feasibility,
feasibility, and development and utilization phases.
Tables 1 and 2 below lists the phases and technical expertise required at each phase
and the soft skills that would equally be required.
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Table 1: Summary of phases of geothermal development and the expertise
required
PHASE
PREFEASIBILITY
PHASE

FEASIBILITY
PHASE

ACTIVITIES
1. Reconnaissance
Survey

EXPERTISE
 Exploration Geologists
 Hydrogeologists
 Exploration Geophysicist
 Exploration Geochemists
 GIS analysts
 Environmentalists
 Safety engineers
 Geoscience technicians
2. Detailed Surface  Exploration Geologists
Study
 Exploration Geophysicist
 Exploration Geochemists
 GIS Analysts
 Environmentalists
 Safety engineers
 Geoscience technicians
3. Exploratory Drilling  Drilling, Safety and Reservoir
Engineers
 Borehole Geologists
 Reservoir Geochemists
 GIS Analysts
 Environmentalists
 Geoscience, Reservoir & Drilling
Technicians
1. Appraisal Drilling
 Drilling, Safety and Reservoir
engineers,
 Borehole Geologists
 Reservoir Geophysicist
 Reservoir Geochemists
 GIS Analysts
 Environmentalists
 Geoscience, Reservoir & Drilling
Technicians
2. Reservoir
 Reservoir & Safety Engineers
Evaluation
 Reservoir Geochemists
 Environmentalists
 Geoscience
&
Reservoir
Technicians
3. Feasibility Study
 Reservoir, Project & Safety
Engineers
 Reservoir Geochemists
 Borehole Geologists
 Reservoir Geophysicists
 Environmentalists
 Finance experts
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DEVELOPMENT
PHASE

1. Production Drilling







UTILIZATION
PHASE

2. Well Testing





3. Detailed Design



1. Procurement









2. Project
Management
(steam field and
power plant)






3. Commissioning
(power plant and
steam field)


4. Direct
application
5. Operations
Maintenance



Use 
& 


Geoscience, Reservoir & Drilling
Technicians
Drilling, Safety and Reservoir
engineers,
Borehole Geologists
Reservoir Geophysicist
Reservoir Geochemists
Geoscience, Reservoir & Drilling
Technicians
Reservoir & Safety Engineers
Reservoir Geochemists
Geoscience & Reservoir
Technicians
Reservoir, Direct Use, Power
Plant & Safety Engineers
Surveyors
Reservoir Geochemists
Reservoir, Planning, Power Plant
Engineers
Legal experts
Procurement experts
Finance Experts
Project
Engineers
(electrical,
mechanical and civil)
Reservoir, Direct Use & Safety
Engineers
Surveyors
Environmentalists
Reservoir, Safety & Power Plant
Engineers
Project engineers (electrical,
mechanical and civil)
Surveyors
Environmentalists
Direct Use Engineers
Plant & Safety Engineers
Power Plant Technicians

Table 2: Summary of project support skills required
Trainings
1. Project Planning & Scheduling
2. Project Monitoring & Evaluation
3. Resource Mobilization
4. Financial Risk Management
5. Project Risk Assessment
6. Public Private Partnerships
7. Contract Management & Procurement
Process
8. Training of Trainers
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Target group

Project Implementation
Teams (PIT)

Trainings
9. Quality Management
10. Operational Efficiency
11. Project Evaluation
12. Environment Management
13. Direct Use of Geothermal
14. HR Management
15. Community Relations
16. Performance Management

Target group

4. METHODOLOGY AND APPROACH OF THE INFORMATION COLLECTED
FROM COUNTRIES
The Skill gap analysis was designed to accumulate granular skills needs data from
functional/leading geothermal institutions from the region. The UNEP ARGeo team
worked closely with country representatives and/or focal points to acquire feedbacks
on the strategic geothermal resource development (in the coming 15 years), current
and required geothermal workforce to achieve this objective.
In February 2015, a detailed questionnaire was administered to experts/focal points
from fourteen (14) countries. Response was received from twelve (12) countries
namely: Comoros, Djibouti, DRC, Eritrea, Ethiopia, Kenya, Malawi, Mozambique,
Rwanda, Tanzania, Uganda, and Zambia. Attempts to receive feedback from South
Sudan and Burundi was not successful. The questionnaire distributed to countries for
their feedback is enclosed in Annex A.
In addition, list of skills required in (see Tables 1 and 2) was given to countries for
their use and ease of reference to provide the necessary information required in the
questionnaire that includes: (i) Phases of geothermal development, and (ii) Expertise
required for each phases of geothermal exploration, development and utilization.
The specific skills and disciplines deemed exhaustive was adopted after extensive
consultation as a robust framework that the industry itself currently endorses as
meaningful and adequate to the task of capturing their skills needs.
Respondents/participants were asked to quantify the scale of their current need for
additional employees who could carry out each of specific skills categorized within
technical and support skills. Due to the varied level of experiences, follow-up phone
calls were made to ensure that respondents were familiar with what the questionnaire
intended to achieve and clarification made where applicable.
4.1 Information/Feedback collected from Countries
The following information were collected on the basis of the questionnaire distribute
to all relevant agencies.




Strategic geothermal development plan in the coming 15 years.
Current Geothermal workforce in the region (by age/gender/qualification)
Required (existing and new) expertise in the coming 15 years (by
age/gender/qualification).
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5. ANALYSIS OF THE FEEDBACK FROM COUNTRIES
The overall objective of this work is to analyze the needs and expectations as well as
gaps of the skilled manpower that will enable countries to meet their relevant
strategic objectives. On that basis, the analyses was made in terms of the following
items:
(i)

(ii)
(iii)
(iv)

Strategic geothermal development plan in the coming 15 years. The
strategic geothermal development plan for each country is described in
terms of five year period intervals.
Current Geothermal workforce in the region (by age/gender/qualification)
Current
trained
geothermal
experts
in
the
region
(by
age/gender/qualification).
Required (existing and new) experts in the coming 15 years (by
age/gender/qualification).

5.1 Strategic Geothermal Development
5.1.1

Geothermal Prospects and their development stage in the coming 15
years
The strategic geothermal development plan for each country is described in terms of
five year period interval. The analysis is based on the number of geothermal
prospects that participating countries are planning to conduct in prefeasibility,
feasibility and development phases of geothermal in the coming 15 years. The
location map of various geothermal prospects in ARGeo member countries and their
corresponding stages of geothermal development in the coming three five years
period are depicted below.
The strategic plan for geothermal resource development in the region can be
categorized into two groups: 1) countries with plans to generate power from
geothermal energy resource in the next 5 years: Comoros, Djibouti, Ethiopia, Kenya
Rwanda, and Tanzania; and 2) countries with plans to identify geothermal prospect
areas, including drilling, in the next 5 years: Burundi, Democratic Republic of Congo
(DRC), Eritrea, Malawi, Mozambique Uganda and Zambia
As per the information/feedback collected from the East African countries it is
expected that at least 10 GWe will be installed by the year 2030 in East Africa by
public and private corporations.
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GEOTHERMAL PRODUCTION (GWE)

10
8

CURRENT AND PLANNED
GEOTHERMAL DEVELOPMENT
(GWE)

6

9.471

6.825

4
3.643
2
0.628

0
2015

2020

YEARS

2025

2030

Figure 5.1 1: The incremental growth of geothermal development in the region.

The strategic development of each of the twelve African countries is depicted below.
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A.

COMOROS
Table 5.1 1: Strategic geothermal development plan for Comoros in the
coming 15 years, showing the prefeasibility, feasibility and development
stages.
2015-2020
1
2

PROSPECTS
Karthala
Bahane

PREF

FEAS

2021-2025
DEVP

PREF

FEAS

2026-2030
DEVP

PREF

NO. OF PROSPECTS/FIELDS

Comoros
6
5
4
3
2
1
0

YEAR 2015 - 2020

YEAR 2021 - 2025

YEAR 2026 - 2030

Figure 5.1 2: Graphical presentation of strategic geothermal
development plan for Comoros in the coming 15 years.
Figure 5.1 3 : Map showing geothermal prospects location in Comoros.
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FEAS

DEVP

Table 5.1 2: Strategic geothermal development plan for Djibouti in the coming 15
years, showing the prefeasibility, feasibility and development stages.

B.

DJIBOUTI
1
2
3
4
5
6
7
8
9
10
11

Prospects
HanleGarabayiss
NorthGhoubet
Arta
Asal-Fiale
Gaggade
Obock
Lac Abhe
Awrofoul
Sakalol
Manda
Inakir
Roueli

PREF

2015-2020
FEAS DEVP

PREF

2021-2025
FEAS DEVP

PREF

2026-2030
FEAS DEVP

Djibouti
10

NO. OF PROSPECTS/FIELDS

9
8
7

6
5
4
3

2
1

Figure 5.1 4: Map showing geothermal prospects location in Djibouti.

0
Reconnaissance Detailed surface

Exploratory
drilling

Appraisal
Drilling

YEAR 2015 - 2020

Reservoir
evaluation

YEAR 2021 - 2025

Feasibility study

Production
Drilling

Wel Testing

YEAR 2026 - 2030

Figure 5.1 5: Graphical presentation of strategic geothermal
development plan for Djibouti in the coming 15 years.
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Detailed design

C.

Table 5.1 3: Strategic geothermal development plan for DRC in the coming 15 years,
2015-2020
2021-2025
2026-2030
showing the prefeasibility,
feasibility and development
stages.

DEMOCRATIC REPUBLIC OF CONGO (DRC)

PREF

NO. OF PROSPECTS/FIELDS

2

1
2
3
4
5
6
7
8
9
10
11
12

FEA
S

DEVP

Kiabukwa
Isiro
Ruwenzori
Rutshuru
Masisi
Walikale
Fizi
Uvira
Nyangezi
Mahyuza
Katana
Nyabibwe/
Kalehe

PREF

FEAS

DEVP

PREF

FEA
S

DEVP

DRC

1

0
Reconnaissance Detailed surface

Exploratory
drilling

Appraisal
Drilling

YEAR 2015 - 2020

Figure 5.1 7: Map showing geothermal prospects location in
DRC.

Reservoir
evaluation
YEAR 2021 - 2025

Feasibility study

Production
Drilling

Wel Testing

Detailed design

YEAR 2026 - 2030

Figure 5.1 6: Graphical presentation of strategic geothermal development plan
for DRC in the coming 15 years.
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D.

ERITREA
Table 5.1 4: Strategic geothermal development plan for Eritrea in the coming
15 years, showing the prefeasibility, feasibility and development stages.

1
2
3

Prospects
Alid
Jalua
NabroDubbi

PREF

2015-2020
FEAS DEVP

PREF

2021-2025
FEAS DEVP

PREF

2026-2030
FEAS DEVP

NO. OF PROSPECTS/FIELDS

Eritrea
3.5
3
2.5
2
1.5
1
0.5
0

YEAR 2015 - 2020

YEAR 2021 - 2025

YEAR 2026 - 2030

Figure 5.1 8: Number of geothermal prospects and cooresponding development stage
for DRC in the coming 15 years.
Figure 5.1 9: Map showing geothermal prospects location in Eritrea.
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Table 5.1 5: Strategic geothermal development plan for Ethiopia in the coming 15
years, showing the prefeasibility, feasibility and development stages.
2015-2020

E.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

ETHIOPIA

PROSPECTS
Allalo Beda
Aluto
Dubti-Shallow
Dubti-Deep
Finkilo
Ayrobera
Bobesa
Boseti
Meteka
Butajira
Gedemsa
Nazareth
Damali
Boina
Dofan
Dallol
Danab
Arabi
Kone

PREF

FEAS

2021-2025
DEVP

PREF

FEAS

2026-2030
DEVP

PREF

FEAS

9
8
7

NO. OF PROSPECTS

6
5

4
3
2
1

Figure 5.1 11: Map showing geothermal prospects location
in Eritrea.

0

YEAR 2015 - 2020

YEAR 2021 - 2025

YEAR 2026 - 2030

Figure 5.1 10: Number of geothermal prospects and cooresponding
development stage for Ethiopia in the coming 15 years.
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DEVP

Table 5.1 6: Strategic geothermal development plan for Kenya in the coming
15 years, showing the prefeasibility, feasibility and development stages
F.

PROSPECTS/
FIELDS

KENYA

1
2
3
4
5
6
7
8
9
10
11.

2015-2020
PREF FEAS DEVP

2021-2025
PREF FEAS DEVP

2026-2030
PREF FEAS DEVP

Olkaria
Menengai
Baringo-Silali
Arus
Suswa
Homa Hills
Longonot
Emuruangogolak
Barrier
Namarunu
Mwananyamala

Kenya
10

NO. OF PROSPECTS/FIELDS

9

8
7
6
5
4
3
2
1
0
Reconnaissance Detailed surface Exploratory
drilling

Appraisal
Drilling

YEAR 2015 - 2020

Figure 5.1 13: Map showing geothermal prospects
location in Kenya.

Reservoir
evaluation
YEAR 2021 - 2025

Feasibility study

Production
Drilling

Wel Testing

Detailed design

YEAR 2026 - 2030

Figure 5.1 12: Number of geothermal prospects and cooresponding
development stage for Kenya in the coming 15 years.
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G.

Malawi

The development strategy for geothermal is not
provided. However the need for expertise at various
stages are provided (see below)

Figure 5.1 14: Map showing geothermal prospects
location in Malawi.
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Table 5.1 7: Strategic geothermal development plan for Mozambique in the coming 15
years, showing the prefeasibility, feasibility and development stages.

H.

MOZAMBIQUE
PREF
1

Metangula

2

Murrumbala

3
4
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Nhaondue
Namacurra

5
6

2015-2020
FEAS DEVP

PREF

2021-2025
FEAS DEVP

PREF

2026-2030
FEAS DEVP

Mozambique

NO. OF PROSPECTS/FIELDS
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Appraisal
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YEAR 2015 - 2020

Figure 5.1 16: Map showing geothermal prospects
location in Mozambique.
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Figure 5.1 15: Number of geothermal prospects and cooresponding
development stage for Mozambique in the coming 15 years.

20

I.

Rwanda

Table 5.1 8: Strategic geothermal development plan for Rwanda in the coming 15
years, showing the prefeasibility, feasibility and development stages
PROSPECTS
Karisimbi
Gisenyi
Kinigi
Bugarama

1
2
3
4

PREF

2015-2020
FEAS DEVP

PREF

2021-2025
FEAS DEVP

PREF

2026-2030
FEAS DEVP

Rwanda

NO. OF PROSPECTS/FIELDS

5

4

3

2

1

0
Reconnaissance Detailed surface Exploratory
drilling

Appraisal
Drilling

YEAR 2015 - 2020

Figure 5.1 17: Map showing geothermal prospects
location in Rwanda.
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Figure 5.1 18: Number of geothermal prospects and cooresponding
development stage for Rwanda in the coming 15 years.
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J.

Tanzania

Table 5.1 9: Strategic geothermal development plan for Tanzania in the coming
15 years, showing the prefeasibility, feasibility and development stages

1
2
3
4
5
6

PROSPECT
Ngozi
Luhoi
Kisaki
Natron
Majimoto
Ibadakuli

2015-2020
PREF FEAS DEVP

2021-2025
PREF FEAS DEVP

2026-2030
PREF FEAS DEVP

Tanzania
5
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Figure 5.1 19: Map showing geothermal prospects
location in Tanzania.
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Figure 5.1 20: Number of geothermal prospects and cooresponding
development stage for Tanzania in the coming 15 years.
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K.

UGANDA

Table 5.1 10: Strategic geothermal development plan for Uganda in the coming
15 years, showing the prefeasibility, feasibility and development stages
2015-2020
1
2
3
4

PROSPECT
Kibiro
Katwe
Buranga
Panyimur

PREF

FEAS

2021-2025
DEVP

PREF

FEAS

2026-2030
DEVP

PREF

FEAS

DEVP

Uganda

NO. OF PROSPECTS/FIELDS

5

4

3

2

1

0
Reconnaissance Detailed surface Exploratory
drilling

Appraisal
Drilling

YEAR 2015 - 2020

Figure 5.1 21: Map showing geothermal prospects
location in Uganda.
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Figure 5.1 22: Number of geothermal prospects and cooresponding
development stage for Uganda in the coming 15 years.
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L.

ZAMBIA

Table 5.1 11: Strategic geothermal development plan for Zambia in the coming
15 years, showing the prefeasibility, feasibility and development stages

1
2
3
4

PROSPECT
Kapisya
Lochnivar
Lake Mweru
Chinyunyu

2015-2020
PREF FEAS DEVP

2021-2025
PREF FEAS DEVP

2026-2030
PREF FEAS DEVP

NO. OF PROSPECTS/FIELDS

Zambia
5
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YEAR 2021 - 2025

YEAR 2026 - 2030

Figure 5.1 23: Number of geothermal prospects and cooresponding
development stage for Zambia in the coming 15 years.

Figure 5.1 24: Map showing geothermal prospects
location in Zambia.
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5.1.2

Detail explanation on various stages of geothermal development in the
region

The strategies for geothermal development are discussed in detail in terms of stages
of geothermal development i.e. (A) Prefeasibility: Reconnaissance, Detailed Survey
and Exploration Drilling; (B) Feasibility: Appraisal Drilling, Reservoir Evaluation and
Feasibility study, (C) Development: Production drilling, well testing and detail
design.
A. Pre-feasibility stage
Most respondents indicated that 57% of prefeasibility studies are planned to be
conducted within the first period of five years (2015-20) across the region, and the
rest, 32% and 11% will be done in the second (2020-25) and the third (2025-30)
period respectively. This emphasizes on the need and growing willingness of
countries in the region to develop and utilize geothermal energy.
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Figure 5.1.2 1: The number of prospects in the region and corresponding
phases of geothermal development for the next three 5 years period interval.
DRC, Tanzania and Uganda are intending to complete the pre-feasibility stage of
geothermal development in the first 5 years, whereas Djibouti and Mozambique will
finalize this phase within the first 10 years. The rest of the countries have activities
spread throughout the entire 15 years period.
According to the strategic plan for the participating countries, Djibouti will be leading
in the number of prospects that require reconnaissance, having a total of about 12 in
the next 10 years. This is followed by Kenya and Tanzania with 3 prospects each,
however Kenya will be conducting reconnaissance in the initial two phases unlike
Tanzania who are planning to finish in the first phase. Apart from Malawi and DRC
with a single prospect each, the rest of the countries are not planning to conduct any
reconnaissance, for at least in the next 15 years.
Djibouti, Ethiopia and Kenya will be conducting detailed surface studies in 12 of their
each respective prospect, whereas Rwanda, Tanzania and Uganda will each be
subjecting 4 of their respective prospects to the same study. The remaining countries
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i.e. DRC, Malawi and Mozambique will subject less than 4 prospects to detailed
studies. From the analysis, these countries are planning to explore further nearly
similar number of prospects. As per the strategic plan, a total of 29 prospects will be
undergoing exploratory drilling in the first 5 years period. This is higher than the
second and third periods, whose planned exploratory drilling activities are 20 and 22,
correspondingly.
A. Feasibility phase
About 41% of all activities in various geothermal fields in the region under appraisal
drilling, reservoir evaluation and feasibility studies are planned for the first 5 years.
This is followed by 37% and 22% in the next 5-10 years and 10-15 years periods,
respectively.
Ethiopia is leading in the number of field engagements in the entire period of this
phase followed by Kenya and Djibouti, with approximately 28%, 27% and 17% of the
total field activities, in the same respective order. This is followed by Rwanda (10%)
and Tanzania (8%), with the rest of the countries forming about 10% of activities.
Most of the activities at this phase will be conducted within the first and second 5year period intervals, apart from Rwanda whose activities fall between 5-15 years
period. Djibouti, DRC, Tanzania and Mozambique have no activities slated in the 1015 years period, whereas Uganda has its activities spread only in the first period.
Ethiopia and Kenya have their activities evenly spread across the three periods.
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Figure 5.1.2 2: the number of Feasibility Phase activities for the next three 5
years period interval as per their respective countries’ strategic plans.
About half of all appraisal drilling activities will be carried out in Ethiopia (19) and
Kenya (16). This is followed Djibouti (11), Rwanda (8), Tanzania (4), Malawi (3),
Mozambique (2), DRC (1) and Uganda (1), follow in the number of activities in this
order.
The number of activities under reservoir evaluations and feasibility studies across the
region follows the same trend as appraisal drilling, with
Ethiopia has the most to do in this development stage. It leads in the number of fields
to be studied for appraisal drilling, reservoirs evaluation and also those that feasibility
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study is to be done. Djibouti, Kenya and Rwanda follow respectively in the number of
fields set for development.
Countries like Uganda and DRC have no allocations for this study.
B. Development Phase
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Figure 5.1.2 3: the number of Feasibility Phase activities for the next three 5
years period interval as per their respective countries’ strategic plans.
A good portion of the development phase, approximately 45% are planned to be
conducted within the first period of five years (2015-20) across the region, and the
rest, 31% and 24% will be done in the second (2020-25) and the third (2025-30)
period, respectively.
Kenya comes first in this phase. It has comparatively the highest number of fields
where production drilling, well testing and detailed surface study is done. This can be
attributed partly to the fact that Kenya has the highest number of both professional
and trained personnel. Also, the fact that Kenya was the first country where
geothermal development took place plays a role in this.
Kenya also leads in power production within estimate of 2050 MWe in the first 05year plan, 1782 MWe in the second period of 5-10 years and 1518 MWe in the last
period of 10-15yrs. Ethiopia comes second in power production with an estimated
615 MWe in the first period of 0-5 years, 900 MWe in the second period of 5-10years
and 463 MWe in the last period of 10-15 years. Tanzania comes third with an
estimated 200 MWt, 400 MWt and 630 MWein the subsequent set periods of years.
Countries such as Mozambique, DRC and Rwanda lack a stated estimate of power
production throughout the period.
Ethiopia and Tanzania come second while countries such as Mozambique and DRC
have the least estimated value in power production. Fields to be subjected for
production drilling appear to be of the same estimate with those being subjected to
well testing.
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Figure 5.1.2 4: A summary of Geothermal Development Phases in the coming
15 Years.
Kenya, Ethiopia and Tanzania lead in the number of fields for development which are
spread across the planned period of time, 0 – 15 years. However, others like DRC
and Uganda lack prospective fields for geothermal development in 0 – 5 years and
also in the range of 10 – 15 years.
Under the framework of various phases of geothermal exploration and development
in the region described above, there is an urgent requirement for building of a critical
mass of local geothermal experts in order to fulfill the goal of development of
geothermal resources in a sustainable manner.
In order to define the gaps in terms of type and quantity of expertise required in the
coming 15 years a comparison between the current and required work force was
made as indicated below. .
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5.2

Geothermal Workforce in the Region

5.2.1

Current Technical Staff
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5.2.1 1: The current number of geoscientists, reservoir engineers, drilling
engineers and plant engineers in geothermal sector from the participating
countries.
Geoscientists are present in all countries while the other disciplines vary from country
to country depending on the stage of geothermal development each country is at.
Kenya has the highest number of scientists/engineers in all the disciplines. Djibouti
has scientists in all disciplines although in low numbers. Mozambique has no
engineers at all.
Kenya has the highest number of technicians in all fields. Uganda, DRC and Djibouti
have geoscience technicians in low numbers but have no engineering technicians at
all. Ethiopia has only limited reservoir and power plant technicians while the rest of
the countries have no technicians.
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5.2.1 2: the current number of technicians in geosciences, reservoir, drilling
and plant of geothermal sector from the participating countries.
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5.2.2

Current Trained Geothermal Experts in the Region
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Figure 5.2.2 1: comparison of the current number of trained geothermal staff
and the total staff present at geosciences, reservoir, and drilling and plant
departments from the participating countries.
Regionally, geoscientists lead in the number of staff with specialized training
compared to other disciplines. This may be due to the fact that, every country in the
region has geoscientists. Drilling technicians have the least number of staff with
specialized training. Reservoir engineering has the least number of trained staff.
5.2.3

Current work force in terms of Gender and Age
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Figure 5.2.3 1: the current geothermal workforce in technical departments in
terms of gender and age.
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As shown in Figure 5.32, the male gender dominates the geothermal workforce with
disciplines like drilling technicians recording the highest. Power Plant technicians and
reservoir engineers make up the least number of females. The results expose the
need to encourage female admittance into the industry that has proved to be male
dominated.
Majority of the workforce lie between the age group of 30-40 years while the least are
found in the age group of 50-60 years. This may not pose any immediate risks
regarding massive retirement that might threaten the implementation of the
respective strategic plan. However, a long term plan of transferring experiences from
the older to the young staff as well retaining them in the industry ought to be in place.

5.3 Required Expertise
Kenya is leading in the need for number of engineers and geoscientists to be
engaged in the next 15 years followed by Zambia, Ethiopia and Eritrea, respectively.
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Figure 5.3 1: The current number of geoscientists, reservoir engineers, drilling
engineers and plant engineers in geothermal sector from the participating
countries.
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Figure 5.3 2: The required number of technicians in geosciences, reservoir,
drilling and plant of geothermal sector from the participating countries.
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Zambia

6. SUMMARY OF THE ANALYSIS
6.1 Geosciences
The current staff working in geosciences departments in the region forms relatively
the highest number of staff. As shown in Figure 6.1.1, about 70% of the 1,000
geoscientists needed in the next 15 years will have to be employed. The current
workforce forms the remaining 30%. The engagement of staff in this category will be
reducing with time across the three 5-year periods, i.e., 35%, 21% and 14%, for the
years 2015-20, 2021-25 and 2026-30, respectively. A similar trend is observed with
their technical counterparts where approximately 59% will have to be acquired, at a
rate of 35%, 21% and 14% in the three subsequent 5-year periods, respectively (see
Figure 7.2).
The trends observed is typical of most geothermal staffing plan where large
composition of geoscientists significantly plays a predominant role during the
Prefeasibility Stage of geothermal development. Their contribution however
decreases while the geothermal fields progresses towards Development Stage. The
output of geoscientific staff usually acts as the basis of acquiring staff for subsequent
stages.

Geoscientists

Current Staff
30%

0-5 Years
35%

Required Staff
70%

5-10 Years
21%

10-15 Years
14%

Figure 6.1 1: The ratio of the current and required geoscientists for geothermal
development in the region within the next 15 years.
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Technicians (geoscs)

Current Staff
41%
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17%

0-5 Years
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Required Staff
59%

10-15 Years
13%

Figure 6.1 2: The ratio of the current and required technical staff in
geosciences for geothermal development in the region within the next 15
years.

6.2 Reservoir Engineering
Unlike geoscientists, the number of current reservoir engineers comprising only of
about 9% of 2,876 required workforce, to fast track well testing and evaluation in the
next 15 years. The number of reservoir engineers can be seen somehow to relate
with their technical counterpart constituting about 3% of the total reservoir
technicians needed. The need of more staff tends to increase progressively in the
next 15 years in the rate of 25%, 30% and 36% for reservoir engineers and 18%,
35% and 44% for reservoir technicians, in the three subsequent 5-year periods,
respectively.
The reason of low staffing is mainly due to the current level of geothermal
development reached by most of the participating countries. The largest number of
these staff are from Kenya.
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Figure 6.2 1: The ratio of the current and required reservoir engineers for
geothermal development in the region within the next 15 years.
Technicians (reser)
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Figure 6.2 2: The ratio of the current and required technical staff in reservoir
operations for geothermal development in the region within the next 15 years.
6.3 Drilling Engineering
Incidentally, the ratio of current drilling engineers and required is closely similar to
those of reservoir engineers, with drilling engineers having a slightly higher ratio (i.e.
12% compared to 9% for their reservoir colleagues). The slight increase may be
either due to the difference in the entry point where drilling staff operations normally
precedes reservoir staff activities. However, the technical staff for drilling is similar in
ratio to the required (i.e. 3%).
Out of the total drilling engineers needed in the next 15 years, 31% of 5,345 will have
to be acquired in the first 5 years, 30% within the second 5 years and 27% in the final
5 years. The ratio of acquisition is closely related to 30%, 35% and 32% for the
technical crew, in the three subsequent 5-year periods, respectively.
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Figure 6.3 1: The ratio of the current and required drilling engineers for
geothermal development in the region within the next 15 years.
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Figure 6.3 2: The ratio of the current and required technical staff in drilling
operations for geothermal development in the region within the next 15 years.
6.4 Plant Engineering
As shown in Figure 7.7, the participating countries are planning to acquire 84% of
2,914 of the entire plant engineers needed to realize their respective strategic plans
as regards to developing geothermal resources. Since plant operations and
maintenance usually comes at a later stage, the acquisition of plant engineers seems
to increase progressively as expected as shown by the 18%, 29% & 37% slot
allocation for the subsequent 5-year periods, respectively. The same trend is seen
with their technical counterparts, which increases by 17%, 33% and 44% for the
three corresponding 5-year periods.
Power Plant Eng
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0-5 Years
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Figure 6.4 1: The ratio of the current and required plant engineers for
geothermal development in the region within the next 15 years.
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Figure 6.4 2: The ratio of the current and required plant technicians for
geothermal development in the region within the next 15 years.
7. SUMMARY AND RECOMMENDATIONS
Most of the East African countries have developed energy development strategies
towards the objective of fast tracking renewable energy projects including geothermal
resource for power generation and direct use applications. It is expected that African
countries would develop about 10GWe power from geothermal energy resource in
the coming 15 years.
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Figure 7 1: The ratio of the current and required plant technicians for
geothermal development in the region within the next 15 years.
Among the various challenges to achieve this strategic objective in a sustainable
manner is inadequate skilled manpower in the areas of geothermal science and
technology.
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STAFF REQUIRED

10000

At present, Kenya has the largest number of geoscientists, engineers and
technicians followed by Ethiopia and Djibouti while the rest of the countries have
limited or no geoscientists and engineers. Among these, very limited numbers of
experts have got training.
Majority of the current workforce lie between the age group of 30-40 years while the
least are found in the age group of 50-60 years. This may not pose any immediate
risks regarding massive retirement that might threaten the implementation of the
respective strategic plan. However, a long term plan of transferring experiences from
the older to the young staff as well retaining them in the industry ought to be in place.
About 70% of total geoscientists needed in the next 15 years will have to be
acquired. The current workforce forms the remaining 30%. A similar trend is
observed with their technical counterparts where approximately 59% will have to be
acquired, at a rate of 35%, 21% and 14% in the three subsequent 5-year periods,
respectively about 70% of total geoscientists needed in the next 15 years will have to
be acquired.
Unlike geoscientists, the number of current reservoir engineers comprising only
about 9% of the total number required to fast track well testing and evaluation in the
next 15 years. The number of reservoir engineers can be seen somehow to relate
with their technical counterpart constituting about 3% of the total reservoir
technicians needed.
The participating countries are planning to acquire 84% of the entire plant engineers
needed to realize their respective strategic plans as regards to developing
geothermal resources. Since plant operations and maintenance usually comes at a
later stage, the acquisition of plant engineers seems to increase progressively as
expected as shown by the 18%, 29% & 37% slot allocation for the subsequent 5-year
periods, respectively. The same trend is seen with their technical counterparts, which
increases by 17%, 33% and 44% for the three corresponding 5-year periods.
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8. SUMMARY OF THE ANALYSIS
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~ 2,943staff
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~ 3915
staff to be
acquired
2020-25
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staff to be
acquired
2025-30
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9. RECOMMENDATIONS


Regional Relevance, Regional Ownership and Build on existing regional
infrastructural and institutional capacities” to respond to urgent needs of
countries are the key features of AGCE.



The business case/justification for establishment of the “Africa Geothermal
Center of Excellence” to be on the basis of the Country’s needs and
expectations (skill gap analysis)



Feasibility study to have a clear road map and milestone with indication of
short, medium and long term plans to fulfill the urgent needs of building skilled
manpower and appropriate regional institution in the region.



For immediate need of the countries, to continue with various geothermal
short and long term trainings such as UNU-GTP, KENGEN-GDC short
courses in Iceland and Naivasha, and to continue with tailored made and
hands on training through GDC regional training programmes as per the
request of Heads of state of Northern Corridor countries.



UNEP to undertake assessment of equipment and laboratories in the region
and what additional equipment is required.



UNEP in collaboration with countries and partners to continuously provide
technical backstopping to the AGCE in assessing the gaps for provision of
equipment and laboratory facilities.
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